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ABOUT THE SERIES

Dr. Frank Netter at work 

A brand new illustrated plate painted by Carlos Machado, 
MD, for The Endocrine System, vol. 2, 2nd ed. 

Carney complex is characterized
by spotty skin pigmentation.
Pigmented lentigines and blue
nevi can be seen on the face–
including the eyelids, vermillion
borders of the lips, the
conjunctivae, the sclera–and the
labia and scrotum.

Additional features of the 
Carney complex can include:

Myxomas: cardiac atrium,
cutaneous (e.g., eyelid),
and mammary

Testicular large-cell
calcifying Sertoli cell tumors

Growth-hormone
secereting pituitary adenomas

Psammomatous
melanotic schwannomas

PPNAD adrenal glands are usually of normal size and most are
studded with black, brown, or red nodules. Most of the pigmented
nodules are less than 4 mm in diameter and interspersed in the
adjacent atrophic cortex.

CUSHING’S SYNDROME IN A PATIENT WITH THE CARNEY COMPLEX

The single-volume “blue book” that paved the way  
for the multi-volume Netter Collection of Medical 
Illustrations series affectionately known as the “green 
books” 

Dr. Carlos Machado at work 

Dr. Frank H. Netter exemplified the 
distinct vocations of doctor, artist, 

and teacher. Even more importantly—
he unified them. Netter’s illustrations 
always began with meticulous research 
into the forms of the body, a philosophy 
that steered his broad and deep medical 
understanding. He once said, “Clarifi­
cation is the goal. No matter how beau­
tifully it is painted, a medical illustration 
has little value if it does not make clear 
a medical point.” His greatest challenge 
and greatest success was charting a 
middle course between artistic clarity 
and instructional complexity. That suc­
cess is captured in this series, beginning 
in 1948, when the first comprehensive 
collection of Netter’s work, a single 
volume, was published by CIBA Phar­

maceuticals. It met with such success that over the  
following 40 years the collection was expanded into  
an eight-volume series—each devoted to a single body 
system.

In this second edition of the legendary series, we are 
delighted to offer Netter’s timeless work, now arranged 
and informed by modern text and radiologic imaging 
contributed by field-leading doctors and teachers from 
world-renowned medical institutions, and supple­
mented with new illustrations created by artists working 
in the Netter tradition. Inside the classic green covers, 
students and practitioners will find hundreds of original 
works of art—the human body in pictures—paired with 
the latest in expert medical knowledge and innovation 
and anchored in the sublime style of Frank Netter.

Noted artist-physician, Carlos Machado, MD, the 
primary successor responsible for continuing the Netter 
tradition, has particular appreciation for the Green 
Book series. “The Reproductive System is of special signifi­
cance for those who, like me, deeply admire Dr. Netter’s 
work. In this volume, he masters the representation of 
textures of different surfaces, which I like to call ‘the 
rhythm of the brush,’ since it is the dimension, the direc­
tion of the strokes, and the interval separating them that 
create the illusion of given textures: organs have their 
external surfaces, the surfaces of their cavities, and 
texture of their parenchyma realistically represented. It 
set the style for the subsequent volumes of Netter’s 
Collection—each an amazing combination of painting 
masterpieces and precise scientific information.”

Though the science and teaching of medicine endures 
changes in terminology, practice, and discovery, some 
things remain the same. A patient is a patient. A teacher 
is a teacher. And the pictures of Dr. Netter—he called 
them pictures, never paintings—remain the same blend 
of beautiful and instructional resources that have guided 
physicians’ hands and nurtured their imaginations for 
more than half a century.

The original series could not exist without the dedi­
cation of all those who edited, authored, or in other 
ways contributed, nor, of course, without the excellence 
of Dr. Netter. For this exciting second edition, we also 
owe our gratitude to the authors, editors, advisors, and 
artists whose relentless efforts were instrumental in 
adapting these timeless works into reliable references 
for today’s clinicians in training and in practice. From 
all of us with the Netter Publishing Team at Elsevier, 
we thank you.
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PREFACE

It has been both an honor and a challenge to serve 
as the author of The Netter Collection: Integumentary 

System. I am honored to have contributed to the legacy 
that The Netter Collection so deserves with its timeless 
quality and continued contribution to medical educa­
tion. Of course, the challenge was in determining that 
which would and should be included in the volume, in 
keeping with the tradition of relevance of the series. My 
hope is that this volume is appreciated by those with 
vast experience as well as those individuals just begin­
ning their journey of lifelong learning, which I feel so 
accurately describes the medical world.

My sincerest gratitude is extended to people behind 
the scenes at Elsevier, specifically Marybeth Thiel, as 
well as the artists who were able to bring the slightest 
nuance to life for the benefit of clinician and patient 
alike. Although no volume exclusively dedicated to the 
integumentary system existed, I attempted to incorpo­
rate as many of Frank Netter’s depictions as possible. 
In several instances however, this simply was not pos­
sible, and I therefore had the pleasure and privilege of 
working with Carlos Machado, MD, and Tiffany S. 
DaVanzo, MA, CMI, whose talent deserves to be  
formally recognized. Their artwork captures the sub­
tleties of the integumentary system. For that I am 
forever grateful.

I would like to thank all those who have positively 
influenced, taught, and mentored me, specifically, 

Jeffrey Miller, MD, Warren Heymann, MD, the late 
John Stang, MD, and James Marks, MD—your impact 
on my career has been immeasurable. Certainly, this list 
is not exhaustive. I have had the pleasure of crossing 
paths with so many fine people—sadly, too many to list. 
A special thank you goes to Ruth Howe and Cheryl 
Hermanson, whose help was simply incredible; I truly 
appreciate all you did. Additionally, I would like to 
thank my colleagues at the Milton S. Hershey Medical 
Center, whose encouragement and support have always 
been a part of our culture.

Finally, I would like to recognize and express appre­
ciation for my family: my parents, sisters, Uncle Lou, 
and my loving Grandmother Ermandina. Your encour­
agement and support is the foundation from which I 
draw my confidence to tackle a project such as this. At 
the time of this writing, my wife, Susan, is in a select 
group of people who have read, literally, every word of 
text in this volume. I cannot thank Susan enough for 
her supportive nature, patience, and love; you are the 
gem of my life. Lastly, I need to acknowledge my 
daughters, Rachel and Sarah, of whom I am so proud. 
The sacrifice of your evenings for more than a year so 
that I could work in an environment that was produc­
tive and conducive to concentration will forever be 
appreciated.

Bryan E. Anderson, MD
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ABOUT THE ARTIST

that artists led a very dissolute life, which of course was 
really not true.”

To find a more “dependable” career, Dr. Netter 
entered New York University Medical School. But even 
as he pursued his training as a surgeon, Dr. Netter 
found that it was easier for him to take notes in pictures 
than in words. “Mine was a graphic viewpoint. My 
notebooks were crammed with illustrations. It was the 
only way I could remember things.” Soon faculty 
members recognized his artistic talents, and Dr. Netter 
began to pay for part of his medical education by illus-
trating lectures and textbooks.

Starting out as a young physician during the Depres-
sion, Dr. Netter found that there was more interest in 
his medical artwork than his surgical capabilities. “I 
thought I could do drawings until I had my practice on 
its feet,” he recalled, “but the demand for my pictures 
grew much faster than the demand for my surgery. As 
a result, I gave up my practice entirely.”

In 1938, Dr. Netter was hired by the CIBA Pharma-
ceutical Company to work on a promotional flyer for a 
heart medication. He designed a folder cut in the shape 
of and elaborately depicting a heart, which was sent to 
physicians. Surprisingly, many of the doctors wrote 

Frank H. Netter, MD
(1906-1991)
“The Medical Michelangelo”

Celebrated as the foremost medical illustrator of 
the human body and how it works, Dr. Frank H. 

Netter began his career as a medical illustrator in  
the 1930s when the CIBA Pharmaceutical Company 
commissioned him to prepare illustrations of the major 
organs and their pathology. Dr. Netter’s incredibly 
detailed, lifelike renderings were so well received by the 
medical community that CIBA published them in a 
book. This first successful publication in 1948 was fol-
lowed by the series of volumes that now carry the 
Netter name, The Netter Collection of Medical Illustra-
tions. Even years after his death, Dr. Netter is still 
acknowledged as the foremost master of medical illus-
tration. His anatomical drawings are the benchmark by 
which all other medical art is measured and judged.

“As far back as I can remember, ever since I was little 
tot, I studied art,” said Dr. Netter during an interview 
in 1986. At the time he was hailed by the New York 
Times as “The Medical Michelangelo.” “All I wanted to 
do was to make pictures,” he reflected. Born in New 
York in 1906, Dr. Netter had already established himself 
as a successful commercial artist in the 1920s when, at 
the advice of his parents, he changed careers. “I gave 
up art at the urging of my family,” he said. “They felt 

back asking for more heart flyers—without the advertis-
ing copy. Dr. Netter went on to design similar product 
advertisements depicting other organs, and all were 
extremely well received. After that project was con-
cluded, Dr. Netter was commissioned to prepare small 
folders of pathology plates that were later collected into  
the first CIBA Collection of Medical Illustrations.

Following the success of these endeavors, Dr. Netter 
was asked to illustrate a series of atlases that became his 
life’s work. They are a group of volumes individually 
devoted to each organ system and cover human anaÂ�
tomy, embryology, physiology, pathology, and pertinent 
clinical features of the diseases arising in each system. 
Dr. Netter has completed volumes on the nervous 
system, reproductive system, lower and upper diges-
tive tracts, liver, biliary tract and pancreas, endocrine 
system, kidney, ureters, urinary bladder, respiratory 
system, and musculoskeletal system.

Dr. Netter’s beautifully rendered volumes are now to 
be found in every medical school library in the country, 
as well as in many doctors’ offices around the world, 
and his work has helped to educate and enlighten gen-
erations of physicians. In 1988, the New York Times 
called Netter “an artist who has probably contributed 
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more to medical education than most of the world’s 
anatomy professors taken together.”

Dr. Netter’s career has spanned the most revolution-
ary half-century in medicine’s history. He chronicled 
the emergence of open heart surgery, organ transplants, 
and joint replacements. To learn first hand about a 
variety of diseases and their effects on the body, Dr. 
Netter traveled widely. In the early 1980s, Dr. William 
Devries asked Netter to be present at the first artificial 
heart transplant, a procedure that Netter illustrated in 
full detail. Dr. Netter also developed a variety of 
unusual medical art projects, including building the 
7-foot Transparent Woman for the San Francisco Golden 
Gate Exposition, which depicted the menstrual process, 
the development and birth of a baby, and the physical 
and sexual development of a woman.

When asked whether he regretted giving up his sur-
gical practice, Dr. Netter replied that he thought of 
himself as a clinician with a specialty that encompasses 

the whole of medicine. “My field covers everything. I 
must be a specialist in every specialty; I must be able to 
talk with all physicians on their own terms. I probably 
do more studying than anyone else in the world,”  
he said.

In his work, Dr. Netter made pencil sketches, which 
he then copied, transferred, and painted to portray 
gross anatomy, microscopic anatomy, radiographic 
images, and drawings of patients. “I try to depict living 
patients whenever possible,” Dr. Netter said. “After all, 
physicians do see patients, and we must remember we 
are treating whole human beings.”

Into his eighth decade, Dr. Netter continued to 
create his medical illustrations and added to the port-
folio of thousands of drawings that encompass his long 
and illustrious career. Dr. Netter died in 1991, but his 
work lives on in books and electronic products that 
continue to educate millions of health care profession-
als worldwide.
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second trimester, first in the appendageal structures and 
then in the epidermis. The thickness of the epidermis 
in a newborn closely approaches that in an adult. The 
significant difference is that the skin barrier function in 
a newborn is not as fully developed as in an adult and 
therefore is more vulnerable to infection and external 
insults.

By studying the embryology of the skin, one can  
gain insight into the mechanisms of certain genetic 

EMBRYOLOGY OF THE SKIN

The human skin develops from two special embryonic 
tissues, the ectoderm and the mesoderm. Epidermal 
tissue is derived from the embryonic ectoderm. The 
dermis and subcutaneous tissue are derived from the 
embryonic mesoderm. The developmental interactions 
between mesoderm and ectoderm ultimately determine 
the nature of human skin. Interestingly, neural tissue 
and epidermal tissue are both derived from the ecto-
derm. It is believed that calcium signaling is critical in 
determining the fate of the ectoderm and its differentia-
tion into either epidermis or neural tissue.

At approximately 4 weeks after conception, a single 
layer of ectoderm is present, surrounding a thicker layer 
of mesoderm. Two weeks later, this ectodermal layer 
has separated into two different components: an outer 
periderm and an inner basal layer, which is connected 
to the underlying mesoderm. At 8 weeks after concep-
tion, the epidermis has developed into three separate 
layers: the periderm, an intermediate layer, and the 
basal cell layer. The dermal subcutaneous tissue is now 
beginning to develop, and a distinct dermal subcutane-
ous boundary can be seen by the end of the eighth week. 
Between weeks 10 and 15 after conception, the begin-
ning of the skin appendages can be seen.

The formation of hair follicles is initiated by a 
complex genetic mechanism that causes the dermis to 
direct certain basal epidermal cells to congregate  
and form the rudimentary hair follicle. This process 
occurs in a highly organized fashion beginning from the 
scalp and working caudally to the lower extremity. At 
the same time, the hair follicles are developing and the 
dermal papillae are beginning to form. The hair folli-
cles continue to differentiate throughout the second 
trimester, and the hair of the fetus can be seen at 
approximately 20 weeks after conception. This first hair 
is known as lanugo hair and is almost always shed before 
delivery.

The fingernails and toenails develop from ectoderm 
that invaginates into the underlying mesoderm by  
the fourteenth week after conception. By the fifth 
month, the fetus has fully developed fingernails and 
toenails. The fingernails fully develop slightly before 
the toenails.

Melanocytes are specialized cells derived from neural 
crest tissue. These cells form along the neural tube. 
Melanocytes migrate in a specific pattern laterally and 
then outward along the trunk. Melanocytes can be seen 
in the epidermis by the middle of the first trimester, but 
they are not functional until the end of the second 
trimester. The density of melanocytes is highest during 
the fetal period and decreases thereafter until young 
adulthood. Melanocytes are beginning to make their 
first melanosomes and are capable of transferring 
melanin pigment to adjacent keratinocytes by approxi-
mately 5 months after conception. Melanocytes are not 
fully functional until birth. Langerhans cells are special-
ized immune surveillance cells that appear within the 
epidermis at approximately 40 days after conception. In 
contrast to melanocytes, the density of Langerhans cells 
increases with time.

By late in the second trimester, the periderm begins 
to shed. This shedding results in the vernix caseosa,  
a whitish, cheese-like material that covers the fetus. It 
is believed to have a protective function. At the begin-
ning of the third trimester, the individual epidermal 
layers can be seen, including the stratum basale,  
stratum granulosum, stratum spinosum, and stratum 
corneum. Keratinization begins to occur during the 
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disorders. For example, one of the more studied groups 
of genetic diseases are the congenital blistering diseases. 
The various types of epidermolysis bullosa are all 
caused by genetic defects in proteins responsible for 
adhesion of keratinocytes. A firm understanding of the 
embryology of skin development is essential for under-
standing the pathogenesis of these diseases and ulti-
mately for developing a mechanism to detect and 
therapeutically treat them.
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The other main sweat glands of the skin, the apocrine 
glands, are found almost exclusively in the axillae and 
the groin. The apocrine glands, like sebaceous glands, 
are found only in conjunction with hair follicles.

Nails are composed of specialized keratin proteins. 
These keratins make a hard nail plate that is believed 
to be important for protection, grasp, and defense. Fin-
gernails and toenails are made of the same keratin struc-
ture and in the same manner. The only difference is 

NORMAL SKIN ANATOMY

The human skin, taken collectively, is the largest organ 
in the human body. On average, it weighs between 4 
and 5â•¯kg. It is vitally important to life. The skin is made 
up of three distinct layers: the epidermis, the dermis, 
and the subcutaneous tissue; some anatomists do not 
include the subcutaneous tissue as part of the skin and 
classify it separately as the hypodermis. Each of these 
layers plays a pivotal role in the execution of day-to-day 
functions of the skin. The skin’s main function is to 
protect the interior of the body from the exterior envi-
ronment. It performs this role in many fashions: It acts 
as a semipermeable barrier to both hydrophilic and 
hydrophobic substances; it is the first line of immuno-
logical defense against invading microbes; it contains 
many components of the adaptive and innate immune 
system; and it has many physiological roles, including 
metabolism of vitamin D.

The majority of the epidermis is made up of kerati-
nocytes. It also contains melanocytes, Langerhans  
cells, and Merkel cells. The epidermis is avascular and 
receives its nutrition from the superficial vascular plexus 
of the papillary dermis.

Melanocytes are derived from neural crest and  
are responsible for producing the melanin family of  
pigments, which are packaged in melanosomes.  
Melanocytes are found in equal density in all humans, 
but darker-skinned individuals have a higher density of 
melanosomes than those with lighter skin. This is the 
reason for color variation among humans. Eumelanin, 
the predominant type of melanin protein, is responsible 
for brown and black pigmentation. Pheomelanin is a 
unique variant of melanin that is found in humans with 
red hair.

The skin is found in continuity with the epithelial 
lining of the digestive tract, including the oral mucosa 
and the anal mucosa. Distinct transition zones are seen 
at these interfaces. The skin also abuts the conjunctival 
mucosa of the globe and the mucosa of the nasal pas-
sages. The skin and its neighboring epithelial compo-
nents supply the human body with a continuous barrier 
to protect it from the external world.

Many appendageal structures are present throughout 
the skin. The major ones are the hair follicles, their 
associated sebaceous glands, and the eccrine glands. 
Most of the skin is hair bearing. Fine vellus hairs make 
up the preponderance of the skin’s hair production. 
Terminal hairs are much thicker and are found on the 
scalp, eyebrows, and eyelashes; in the axilla and groin 
areas; and in the beard region in men. Glabrous skin, 
which is devoid of hair follicles, includes the vermilion 
border of the lips, the palms, the soles, the glans penis, 
and the labia minora.

Human skin varies in thickness. It is thickest on the 
back, and the thinnest areas are found on the eyelids and 
the scrotum. Regardless of thickness, all skin possesses 
the same immunological function and barrier activity.

Various appendageal structures are found in higher 
densities in certain regions of the skin. Sebaceous 
glands are located predominantly on the face, upper 
chest, and back. These glands play an instrumental role 
in the pathomechanism of acne vulgaris. Because seba-
ceous glands are attached to hair follicles, they are 
found only on hair-bearing skin. Eccrine sweat glands, 
on the other hand, are found ubiquitously. The highest 
densities of eccrine glands are on the palms and soles. 
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that the fingernails grow slightly faster than the toe-
nails. The average thumbnail takes 6 months to replace 
itself, whereas the average great toenail takes 8 to  
12 months.

Skin is also an important means of communication 
with other humans. The sense of touch is mediated 
through specialized receptors within the skin. One 
cannot underestimate the importance of this function 
in the formation of human relationships.
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into two regions, called the papillary and the reticular 
portions. The papillary dermis is juxtaposed to the 
overlying epidermis and interdigitates with it. The pap-
illary dermis and the epidermis are connected by the 
basement membrane zone. This zone contains many 
unique proteins. These proteins are the targets for the 
various autoantibodies that can be found in patients 
with autoimmune blistering diseases.

NORMAL SKIN HISTOLOGY

The integumentary system is composed of multiple 
subunits that work in unison. The skin and its appenda-
geal structures make up the integumentary system. 
There are three main layers to the skin: epidermis, 
dermis, and subcutaneous tissue. Within the epidermis, 
the principal skin cell is the keratinocyte. Other cells 
found in the epidermis include melanocytes, Merkel 
cells, and Langerhans cells. The main cell type found 
within the dermis is the fibroblast. Fibroblasts make 
collagen, which forms the mechanical support for the 
skin. The dermis is a region of high vascularity. The 
subcutaneous fat tissue is found directly beneath  
the dermis and is composed primarily of adipocytes.

The normal human epidermis varies extensively in 
thickness in different regions of the body. It is thickest 
on the back and thinnest on the eyelids and on the 
scrotal skin. The epidermis can be subdivided into five 
components: stratum basale, stratum spinosum, stratum 
granulosum, stratum lucidum, and stratum corneum. 
The stratum lucidum is found only on the skin of the 
palms and soles. Each layer of the epidermis has impor-
tant anatomical and physiological functions.

The stratum basale is the deepest layer. It consists of 
cuboidal epithelium sitting atop a basement membrane 
zone. The stratum basale contains the proliferating 
keratinocytes, which are constantly undergoing replica-
tion to replace the overlying epidermis. It takes approx-
imately 28 days for a basal keratinocyte to progress to 
the outermost layer of the stratum corneum. Melano-
cytes and Merkel cells can also be found within the 
stratum basale. Melanocytes are pigment-forming cells; 
they transfer their pigment to neighboring keratino-
cytes. Merkel cells are modified nerve endings and have 
been found to be important as mechanoreceptors.

The stratum spinosum is many cell layers thick and 
is recognized by the intercellular connections among 
adjacent keratinocytes, which are seen on light micros-
copy as tiny spines. From the lower to the upper layers 
of the stratum spinosum, the keratinocytes progres-
sively become flatter in appearance.

The stratum granulosum is recognized by the large 
number of basophilic keratohyalin granules within its 
keratinocytes. This stratum is typically 2 to 4 cell layers 
thick. The keratohyalin granules are composed primar-
ily of the protein profilaggrin; they vary from 1 to 4â•¯µm 
in diameter. Profilaggrin is the precursor to filaggrin, 
an essential protein that is required for the integrity of 
the overlying epidermis.

The stratum lucidum occurs only in the skin of the 
palms and soles. It is composed of a translucent eosino-
philic layer. The stratum lucidum is made up of tightly 
packed squamous keratinocytes.

The stratum corneum, the outermost layer of skin, is 
made up of anucleate, cornified keratinocytes. Kerati-
nization (cornification) is a complex process that results 
in the appearance of the stratum corneum. As cells 
progress up the stratum corneum, they are shed in the 
process known as desquamation.

The dermis is primarily composed of collagen, which 
is produced by fibroblasts. This portion of the skin 
contains a highly vascular network that is responsible 
for the nutrition of the skin and for thermoregulation. 
This network includes a deep dermal plexus and a 
superficial plexus. The superficial plexus is responsible 
for thermoregulation. It undergoes vasoconstriction 
during exposure to cold temperatures and vasodilation 
in times of warm temperature. The dermis can be split 
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The subcutaneous tissue is composed of adipocytes. 
This tissue’s main functions are storage of energy, insu-
lation, and cushioning. The adipocytes are closely 
packed in a connective tissue septum with associated 
blood vessels and nerve endings.

There are many types of skin appendages, including 
hair follicles, sebaceous glands, eccrine glands, apocrine 
glands, and various nerve endings.
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membrane. As the keratinocyte migrates upward, the 
cell membrane is lost, and the ceramides that are 
released begin cross-linking with the CCE proteins. 
The cells continue to move toward the surface of the 
skin and begin to lose their nucleus and cellular organ-
elles. The loss of these organelles is mediated by the 
activation of certain proteases that can quickly degrade 
protein, DNA, RNA, and the nuclear membrane.

Once the cells reach the outer layers of the stratum 
corneum, they begin to be shed. On average, a kerati-
nocyte spends 2 weeks in the stratum corneum before 
being shed from the skin surface in a process called 

SKIN PHYSIOLOGY: THE PROCESS 
OF KERATINIZATION

Keratinization, also known as cornification, is unique to 
the epithelium of the skin. Keratinization of the human 
skin is of paramount importance; it allows humans to 
live on dry land. The process of keratinization begins 
in the basal layer of the epidermis and continues upward 
until full keratinization has occurred in the stratum 
corneum. The function and purpose of keratinization 
is to form the stratum corneum.

The stratum corneum is a highly organized layer that 
is relatively strong and resistant to physical and chemi-
cal insults. This layer is critically important in keeping 
out microorganisms; it is the first line of defense against 
ultraviolet radiation; and it contains many enzymes  
that can degrade and detoxify external chemicals. The 
stratum corneum is also a semipermeable structure that 
selectively allows different hydrophilic and lipophilic 
agents passage. However, the most obvious and most 
studied aspect of the stratum corneum is its ability to 
protect against excessive water and electrolyte loss. It 
acts as a barrier to keep chemicals out, but more impor-
tantly, it keeps water and electrolytes inside the human 
body. Transepidermal water loss (TEWL) increases as 
the stratum corneum is damaged or disrupted. The 
main lipids responsible for protection against water loss 
are the ceramides and the sphingolipids. These mole-
cules are capable of binding many water molecules.

As keratinocytes migrate from the stratum basale  
and journey through the layers of the epidermis, they 
undergo characteristic morphological and biochemical 
changes. The keratinocytes flatten and become more 
compacted and polyhedral. The resulting corneocytes 
become stacked, like bricks in a wall. These corneocytes 
are still bonded together by desmosomes, which are 
now called corneodesmosomes.

The stratum granulosum gets its name from the 
appearance of multiple basophilic keratohyalin granules 
present within the keratinocytes. These granules are 
largely composed of the protein profilaggrin. Profilag-
grin is converted into filaggrin by an intercellular endo-
proteinase enzyme. Filaggrin is so named because it is 
a filament-aggregating protein. Over time, filaggrin is 
broken down into natural moisturizing factor (NMF) 
and urocanic acid. NMF is a breakdown product of 
filaggrin that slows water evaporation from the 
corneocytes.

The intercellular space is composed of lipids and 
water. The lipids are derived from the release of the 
lamellar bodies (Odland bodies). Ceramides make up 
the overwhelming majority of the contents of the lamel-
lar bodies. Other components include free fatty acids, 
cholesterol esters, and proteases. The lamellar bodies 
fuse with the cell surface and release their contents into 
the intercellular space. The fusion of the lamellar body 
with the cell surface is dependent on the enzyme trans-
glutaminase I.

Concurrently. the cornified cell envelope (CCE) 
develops. The CCE proteins envoplakin, loricrin, peri-
plakin, small proline-rich proteins, and involucrin are 
cross-linked in various arrangements by transglutamin-
ase I and transglutaminase III, forming a sturdy scaf-
folding along the inner surface of the keratinocyte cell 
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desquamation. Shedding is achieved by the final degra-
dation of the corneodesmosomes by proteases that 
destroy the desmoglein-1 protein.

Keratinization is especially important in the diseases 
of cornification. Many skin diseases have been found to 
involve defects in one or more proteins that are critical 
in the process of cornification. Examples are lamellar 
ichthyosis, which is caused by a defect in the transglu-
taminase I enzyme, and Vohwinkel’s syndrome (kera-
toma hereditarium mutilans), which results from a 
genetic mutation in the loricrin protein and a resultant 
defective CCE.



6� THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 1-5� Integumentary System

NORMAL SKIN FLORA

The skin contains normal microflora that are universally 
found on all humans. It has been estimated that the 
number of bacteria on the surface of the human skin is 
greater than the number of cells in the human body. 
The normal skin flora include the bacteria Staphylococcus 
epidermidis, Corynebacterium species, Propionobacterium 
acnes, Micrococcus species, and Acetobacter species. The 
demodex mites are the only parasites considered to be 
part of the normal flora. Pityrosporum species are the 
only fungi that are considered to be normal skin flora.

The microbes that make up the normal skin flora 
under most circumstances do not cause any type of 
disease. They are able to reproduce and maintain viable 
populations, living in harmony with the host. In stark 
contrast, transient skin flora can sustain growth only in 
certain skin environments. Transient microbes are not 
able to produce long-lasting, viable reproductive popu-
lations and therefore are unable to maintain a perma-
nent residence. Some examples of transient skin flora 
are Staphylococcus aureus, including methicillin-resistant 
S. aureus (MRSA), Enterobacter coli, Pseudomonas aerugi-
nosa, Streptococcus pyogenes, and some Bacillus species. 
Normal and transient flora can become pathogenic 
under the correct environmental conditions.

Normal bacterial colonization begins immediately 
after birth. Once newborns are exposed to the external 
environment, they are quickly colonized with bacteria. 
S. epidermidis is often the first colonizing species, and it 
is the one most commonly cultured in neonates.

The innate ability of certain bacteria to colonize the 
human skin is dependent on a host of contributing 
factors. Availability of nutrients, pH, hydration, tem-
perature, and ultraviolet radiation exposure all play a 
role in allowing certain bacteria to develop a synergistic 
balance. The normal skin flora use these factors to their 
survival advantage and live in a symbiotic relationship 
with the human skin. These microbes have evolved a 
competitive advantage over the transient skin flora.

Under certain circumstances, normal skin flora can 
become pathogenic and cause overt skin disease. Over-
growth of Pityrosporum ovale (Malassezia furfur) causes 
tinea versicolor, an exceedingly common superficial 
fungal infection. Warm and humid environments are 
believed to be factors in the pathogenesis. Tinea versi-
color manifests as fine, scaly patches with hyperpig-
mentation and hypopigmentation. Other Malassezia 
species have been implicated in causing neonatal 
cephalic pustulosis, pityrosporum folliculitis, and seb-
orrheic dermatitis.

The common skin bacterium, S. epidermidis, is a gram-
positive coccus that can become a pathogenic microbe 
under certain circumstances. Conditions that increase 
the chance that this bacterium will cause pathogenic 
skin disease include use of immunosuppressive medica-
tions, immunocompromised state (e.g., human immu-
nodeficiency virus infection), and presence of a chronic 
indwelling intravenous catheter. S. epidermidis creates a 
biofilm on indwelling catheters, which can lead to tran-
sient bacteremia and sepsis in immunocompromised 
patients and occasionally in the immunocompetent.

P. acnes is a gram-positive organism that is found 
within the pilosebaceous unit. These bacteria occur in 
high densities in the sebum-rich regions of the face, 
back, and chest. It is the major species implicated in the 
pathogenesis of acne vulgaris. In immunocompromised 
individuals, it has been reported to cause abscesses.

Corynebacterium species, when in an environment of 
moisture and warmth, can produce an overgrowth on 

The normal skin flora includes Pityrosporum/
Malassezia furfur, which under pathologic
conditions may cause tinea versicolor.

The normal skin flora Propionibacterium acnes
is partially responsible for the pathomechanism
of acne vulgaris.

Pitted keratolysis may be caused by overgrowth
of Corynebacterium species. Under normal
circumstances, corynebacterium species are
considered normal skin flora.

Staphylococcus
aureus is a common
cause of soft tissue
skin infections.

with
E. Hatton

the terminal hairs of the axilla and groin regions, result-
ing in the condition known as trichomycosis axillaris. 
Different colonies of this bacterium can produce super-
ficial red, yellow, or black nodules along the terminal 
hair shafts. Corynebacteria can also cause pitted kera-
tolysis, a superficial infection of the outer layers of the 
epidermis on the soles.

The only parasites that can be found normally on 
human skin are the demodex mites, which live in various 
regions of the pilosebaceous unit. Demodex brevis lives 
within the sebaceous gland ducts, whereas Demodex 

folliculorum lives in the hair follicle infundibulum. 
Demodex mites can cause demodex folliculitis. an infec-
tion of the hair follicles that manifests as superficial, 
follicle-based pustules.

The most important skin microbes, based on their 
ability to cause pathology, are the transient microbes. 
The best-known species is S. aureus. The ability of S. 
aureus to cause folliculitis, boils, abscesses, and bacterial 
sepsis is well documented and is a major cause of mor-
bidity and mortality.
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1,25-Vitamin D3 exerts its effect by binding with 
the VDR and then interacting with DNA to directly 
modulate the transcription of specific genes. The VDR 
is a member of the nuclear receptor family. 1,25-
Vitamin D3 enters a cell, binds with VDR in the cyto-
plasm, and then enters the nucleus of the cell. There, 
the complex interacts with cellular DNA by binding to 
various regulatory sites. In this way, vitamin D3 and the 
VDR are able to modulate gene transcription. The 

VITAMIN D METABOLISM

The skin plays a critical role in the production of 
vitamin D and thus in calcium and phosphate hemoÂ�
stasis. The epidermis turns provitamin D3 (7-dehydro-
cholesterol) into vitamin D3 (cholecalciferol) through 
interaction with ultraviolet B (UVB) radiation. The 
keratinocytes within the epidermis contains enzymes 
that convert vitamin D3 into 25-hydroxyvitamin D3. 
The skin also can produce 1,25-dihydroxyvitamin D3, 
known as calcitriol. This biologically active metabolite 
is critical in calcium metabolism, bone metabolism, and 
neuromuscular transmission and most likely is an 
important player in the immune system regulation of 
ultraviolet-induced DNA damage. Vitamin D2 (ergo-
calciferol) and vitamin D3 are both absorbed by the 
gastrointestinal tract; they are often collectively referred 
to as vitamin D.

When skin is exposed to sunlight, it immediately 
begins production of vitamin D3. Ultraviolet radiation, 
predominantly UVB (290-320â•¯nm), interacts with kera-
tinocytes to convert provitamin D3 (which is also an 
important precursor in the production of cholesterol) 
into previtamin D3. Previtamin D3 is further converted 
into vitamin D3 via a spontaneous endothermic reac-
tion. Vitamin D3 produced in the skin can act locally or 
be absorbed into the systemic circulation and added to 
the concentration of vitamin D3 absorbed by the gas-
trointestinal tract. An elevated level of vitamin D3 in 
the general circulation causes increased absorption of 
calcium and phosphate through the gastrointestinal 
tract, increased mobilization of calcium stores from 
bone tissue, and increased release of parathyroid 
hormone (PTH), which results in a lowering of the 
serum phosphate concentration.

The earliest sign of vitamin D deficiency is an often 
subtle and transient decrease in the serum calcium level. 
This decrease causes the pituitary gland to secrete PTH, 
which acts on the kidneys to increase calcium reabsorp-
tion, decrease phosphate retention, and increase osteo-
clast activity. This increase in osteoclast activity also 
increases the serum calcium level. Vitamin D deficiency 
is manifested by normal serum calcium levels, increased 
PTH levels, and decreased phosphorous levels.

Vitamin D3 synthesis in the skin is dependent on 
contact with UVB radiation. Sunscreens, clothing, and 
glass all block UVB radiation and diminish the local 
production of vitamin D3 in the skin.

Immunologically, 1,25-vitamin D3 has been found to 
regulate the maturation of dendritic cells, monocytes, 
and T lymphocytes. Vitamin D and its analogues are 
believed to inhibit tumor cell proliferation and to cause 
apoptosis of tumor cells. Because the vitamin D recep-
tor (VDR) forms heterodimers with the retinoid X 
receptor (RXR) and other retinoid receptors, the com-
bination of vitamin D and vitamin A analogues may 
ultimately be found to be responsible for the immuno-
logical effects of both of these vitamins.

Rickets is a disease of childhood that is caused by 
severe vitamin D deficiency. It is rarely seen in the 
United States in the twenty-first century, but it is not 
uncommon in developing countries. Vitamin D defi-
ciency in adults more commonly manifests as osteoÂ�
malacia, which occurs throughout the world. The 
deficiency leads to decreased bone mineralization and 
can cause osteopenia and osteoporosis. The normal 
concentration of vitamin D in serum is believed to be 
between 35 and 200â•¯nmol/L.

NORMAL CALCIUM AND PHOSPHATE METABOLISM     
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VDR also forms heterodimers with other members of 
the nuclear receptor family, mainly the RXR. Most 
VDR signaling involves this heterodimer form.

Vitamin D is one of the fat-soluble vitamins. It is 
found in many foods, such as cod liver oil, many fish, 
egg yolks, and liver. More commonly, one encounters 
vitamin D as a supplement in many foods such as milk, 
breads, and cereals. Oral vitamin D supplements are 
easily obtained and well tolerated.
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oxidation reactions after interaction with ultraviolet 
light. Melanin pigment also absorbs ultraviolet light, 
and this is one of the means by which the skin defends 
itself against ultraviolet assault. Absorption of ultravio-
let light by cell membranes, organelles, RNA, and other 
components of the living cell can cause oxidative stress 
and cellular damage.

PHOTOBIOLOGY

On a daily basis, the skin interacts with some form of 
light. The most abundant and physiologically relevant 
portion of the light spectrum is the ultraviolet range 
(200-400â•¯nm). The ozone layer essentially prevents all 
ultraviolet C rays (200-280â•¯nm) from reaching the 
surface of the earth, limiting the physiologically rele-
vant range to ultraviolet B (UVB; 280-320â•¯nm) and 
ultraviolet A (UVA; 320-400â•¯nm). UVB rays are 1000 
times more potent than those of UVA. UVB rays are 
absorbed by the epidermis and are responsible for 
causing sunburns. It is believed that 300â•¯nm is the most 
potent wavelength for causing DNA photoproducts. 
Erythema begins 2 to 6 hours after exposure to UVB 
light and peaks at approximately 10 hours after 
exposure.

The UVA spectrum can be subdivided into UVA II 
(320-340â•¯nm) and UVA I (340-400â•¯nm). UVA II rays 
are responsible for the immediate but transient pigmen-
tation that is seen after exposure to ultraviolet light. It 
causes melanocytes to release preformed melanosomes, 
resulting in a mild increase in skin pigmentation that 
begins to fade within a day. UVA I rays are responsible 
for a longer-lasting but slightly delayed pigmentation. 
The effects of visible light on the skin are still being 
explored and defined.

The sun produces vast amounts of ultraviolet light, 
but there are other sources of ultraviolet radiation  
produced by humans. A thorough history should take 
into account an individual’s occupations and exposures. 
Welders are commonly exposed to UVC and, if not 
properly protected, can develop severe skin and corneal 
burns.

Ultraviolet rays interact with skin in many ways. The 
most important interaction is between ultraviolet light 
(especially UVB) and the DNA of keratinocytes. 
Because UVB is limited in its depth of penetration into 
the epidermis, it affects only keratinocytes, melano-
cytes, and Langerhans cells. The photons of ultraviolet 
light interact with cellular DNA, inducing a number  
of specific and nonspecific effects. These interactions 
can result in DNA photoproducts, which are formed 
between adjacent pyrimidine nucleoside bases on one 
strand of DNA. The most common photoproducts are 
cyclobutane pyrimidine dimers and the pyrimidine-
pyrimidone 6,4 photoproduct. The common cyclobu-
tane pyrimidine dimer mutation is highly specific  
for ultraviolet damage. These photoproducts cause a 
decrease in DNA replication, mutagenesis, and, ulti-
mately, carcinogenesis.

The cell nucleus is well equipped to handle DNA 
damage caused by photoproducts. A series of DNA 
repair proteins are in constant surveillance. Once a 
photoproduct is found, the DNA repair mechanism is 
called into service. There are at least seven well-
described proteins that help in recognition, removal of 
the damage, and repair of the DNA strand. These seven 
proteins were named XPA through XPG after studies 
of numerous patients with the photosensitivity disorder, 
xeroderma pigmentosum. Each is uniquely responsible 
for some part of the DNA repair mechanism. Defects 
in any of these XP proteins results in a differing phe-
notype of xeroderma pigmentosum. Patients with xero-
derma pigmentosum are prone to develop multiple skin 
cancers at a young age.

Proteins within the cells are also susceptible to 
damage from ultraviolet light exposure. The amino 
acids histidine and cysteine are very susceptible to 
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Comparison of penetration of radiation 
with different wavelengths into human skin

UV radiation

Erythema and tanning onset and duration are UV 
wavelength dependent. By comparison, UVA 
radiation induces transient erythema. The erythema
from UVB takes 6–24 hours to induce and is much
longer lasting.

Immediate tanning 
is caused by UVA 
(inducing melanocytes to release melanosomes) 
whereas it can take over 72 hours if promoted 
by UVB (increased production of melanin) 

Epidermis

Dermis 

Subcutaneous
tissue

Nucleotide excision repair (NER) is a major DNA repair mechanism in eukaryotic cells for removing 
several DNA lesions caused by different agents, including UV-induced damages such as thymine-thymine 
dimer, the most common cyclobutane pyrimidine dimer mutation. NER comprises the following steps: 

Thymine 
dimer

UV 
radiation

DDB1-DDB2 (XPE)
recognizes the lesion

HR23B-XPC  
binds to the 3’ 
end of the non-
damaged DNA 
strand and verifies
the lesion

Damaged 
DNA

Normal 
DNA

TFIIH-XPB (binds to 5’), XPD 
(binds to 3’) unwind the double 
helix facilitating XPA-RPA enter-
ing the opening and binding 
to the undamaged DNA strand

ERCCI-XPF interacts
with XPA and cleaves
the damaged strand 
at junction 5’ while 
XPG excises at 3’    

PCNA-RPA

PCNA works as a clamp, holding 
RPA in place. RPA binds to the 
undamaged strand and replicates 
the excised segment

XP (XPA XPB, XPC...) � Xeroderma pigmentosum (A, B, C...), HR23B or hHRD23B � Human Homologue of Yeast 
Rad23, DDB � Damaged DNA-binding protein TFIIH � Transcription factor iih, PCNA � Proliferating Cell Nuclear 
Antigen, RPA � Replication Protein A, ERCC � Excision repair cross-complementing

DNA ligase joins 
the newly replicated 
strand, completing
the repair

Repaired DNA

When exposed to ultraviolet radiation, the skin 
increases production of melanin, which in turn helps in 
photoprotection. Many organic and inorganic com-
pounds have been used as sunscreens to help neutralize 
the effects of ultraviolet radiation on skin. The main 
protective mechanisms are absorption, reflection, and 
physical blockade.



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 9

Plate 1-8� Anatomy, Physiology, and Embryology 

contain the keratin pairs 5,14 and 6,16. They secrete 
vascular endothelial growth factor, which promotes  
the production of dermal blood vessels. At the same 
time the keratinocytes are migrating, the underlying 
fibroblasts are synthesizing a backbone matrix, made  
up predominantly of type III collagen and some  
proteoglycans. Some of the fibroblasts are converted 
into myofibroblasts by PDGF and tumor growth 
factor-β1. These myofibroblasts are important in that 
they cause the overlying wound to contract, decreasing 
its surface.

WOUND HEALING

Wound healing is a complex process that involves an 
orderly and sequential series of interactions among  
multiple cell types and tissue structures. Classically, 
wound healing has been divided into three phases: 
inflammation, new tissue formation, and matrix forma-
tion and remodeling. Each of these phases is unique, 
and particular cell types play key roles in the different 
phases.

Once a disruption of the skin barrier occurs, a cascade 
of inflammatory mediators are released, and wound 
healing begins. The disruption of dermal blood vessels 
allows extravasation of blood into the tissues. The rup-
tured vessels undergo immediate vasoconstriction. 
Platelets begin the process of coagulation and initiate 
the earliest phase of inflammation. The formation of 
the earliest blood clot provides the foundation for 
future cell migration into the wound. Many inflamma-
tory mediators are released during this initial phase. 
Once initial homeostasis is achieved, the platelets dis-
charge the contents of their alpha granules into the 
extravascular space. Alpha granules contain fibrinogen, 
fibronectin, von Willebrand’s factor, factor VIII, and 
many other proteins. The fibrinogen is converted into 
fibrin, which aids in formation of the fibrin clot. Plate-
lets also play a critical role in releasing growth factors 
and proteases. The best known of these is platelet-
derived growth factor (PDGF), which helps mediate 
the formation of the initial granulation tissue.

During the late portion of the inflammatory phase, 
leukocytes are seen for the first time. Neutrophils make 
up the largest component of the initial leukocyte 
response. Neutrophils are drawn into the area by 
various cytokines and adhere to the activated vascular 
endothelium. They enter the extravascular space by a 
process of diapedesis. These early-arriving neutrophils 
are responsible for the recruitment of more neutro-
phils, and they also begin the process of killing bacteria 
by use of their internal myeloperoxidase system. 
Through the production of free radicals, neutrophils 
are efficient at killing large numbers of bacteria. Neu-
trophil activity continues for a few days, unless the 
wound is contaminated with bacteria. Once the neutro-
phil activity has cleared the wound of bacteria and 
other foreign particles, monocytes are recruited into 
the wound and activated into macrophages. Macro-
phages are critical in clearing the wound of neutrophils 
and any remaining cellular and bacterial debris.  
Macrophages are capable of producing nitrous oxide, 
which can kill bacteria and has also been shown to 
decrease viral replication. Macrophages also release 
various cytokines, including PDGF, interleukin-6, and 
granulocyte colony-stimulating factor (G-CSF), which 
in turn recruit more monocytes and fibroblasts into the 
wound.

At this point, new tissue formation, the proliferative 
phase of wound healing, has begun. This phase typically 
begins on the third day and ends about 14 days after the 
initial insult. It is marked by reepithelialization and 
formation of granulation tissue. Reepithelialization 
occurs by the movement of epithelial cells (keratino-
cytes) from the free edge of the wound slowly across the 
wound defect. The migrating cells have the distinct 
phenotype of basal keratinocytes. It is believed that  
a low calcium concentration in the wound causes  
the keratinocytes to take on the characteristics of  
basal keratinocytes. PDGF is an important stimulant for 
keratinocytes and is partially responsible for this migra-
tion across the wound. The migrating keratinocytes 

The final phase of wound healing involves scar matu-
ration and tissue remodeling. This phase overlaps in 
time with the first two phases; it is said to begin with 
the production of the first granulation tissue. This 
phase extends for months and is complete when most 
of the collagen III and fibronectin have been replaced 
by mature type I collagen. In the final mature scar, the 
collagen fibers are oriented in large bundles running 
perpendicular to the basement membrane zone. The 
resulting scar has only 80% of the tensile strength of 
the uninjured skin.

HEALING OF INCISED, SUTURED SKIN WOUND

Blood clot

Epithelium
Dermis

Incision

Suture

Subcutaneous
fatty tissue

Lymphocytes

Giant cells

Fibroblasts

Keratinizing
pearl

Capillary
ingrowth

Immediately after incision
Blood clot with fine fibrin 
network forms in wound. 
Epithelium thickens at wound 
edges.

24-48 hours
Epithelium begins to grow down 
along cut edges and along suture 
tract. Leukocyte infiltration, 
chiefly round cells (lymphocytes) 
with few giant cells, occurs and 
removes bacteria and necrotic 
tissue.

5-8 days
Epithelial downgrowth advances. 
Fibroblasts grow in from deeper 
tissues and add collagen 
precursors and glycoproteins to 
matrix. Cellular infiltration 
progresses.

10-15 days
Capillaries grow in from 
subcutaneous tissue, forming 
granulation tissue. Epithelium 
bridges incision; epithelial 
downgrowths regress, leaving 
keratinizing pearls behind. 
Fibrosed clot (scab) is being 
pushed out. Collagen formation 
progresses and cellular 
infiltration abates.

3 weeks–9 months
Epithelium is thinned to near 
normal. Tensile strength of tissue 
is increased owing to production 
and cross-linking of collagen 
fibers; elastic fibers reappear 
later.
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MORPHOLOGY

The first lesson a student of dermatology must learn is 
how to properly describe skin diseases. Skin morphol-
ogy has been well defined over the years and is the basis 
for all discussions about skin disorders. One must be 
adept at describing skin lesions before it is possible to 
develop a differential diagnosis. For example, once it 
has been determined that a rash is in the morphological 
category of macule, all rashes in the blistering and 
nodular categories can easily be excluded from the dif-
ferential diagnosis. To get a firm grasp of dermatology, 
one must have an excellent foundation in description 
and morphology. The most common descriptors used 
in the dermatology lexicon are discussed here.

Skin lesions and rashes can be described as primary 
or secondary lesions. The primary category includes 
macules, papules, comedones, patches, plaques, 
nodules, tumors, hives, vesicles, bullae, and pustules. 
The secondary lesions are best described as scales, 
crusts, erosions, excoriations, ulcerations, fissures, 
scars, lichenification, and burrows.

Many adjectives are used in conjunction with primary 
and secondary descriptive terms to better characterize 
the lesion and to help determine a differential diagnosis 
and, ultimately, a diagnosis for the patient. Color is of 
utmost importance and is universally used in the 
description of skin lesions. For example, a good descrip-
tion of melanoma would include color, size, regularity, 
and the primary morphology, such as “a dark black, 
irregularly shaped macule with a central nodule.”

Other descriptive terms often used in dermatology 
deal with the configuration of the lesion, such as a linear 
or an annular configuration. Words such as arcuate, 
polycyclical, nummular, and agminated are also com-
monly used. Some skin rashes tend to follow specific 
types of skin lines, most commonly Langer’s lines (skin 
tension lines) and Blaschko’s lines (embryological cleav-
age lines).

The distribution of skin lesions is also important, 
because some skin diseases have a propensity to  
occur in specific areas of the body. A classic example  
is acne, which typically affects the face, upper back,  
and chest. It would be inappropriate to consider acne 
in the differential diagnosis of a rash on the hands  
and feet.

Starting with the primary skin lesions, a macule is 
most often thought of as a well-circumscribed, flat area 
on the skin with a distinct color change. The macule 
may have an irregular or a regular border. Macules are 
not raised and are essentially nonpalpable. An example 
of a macule is vitiligo.

A papule is a well-circumscribed, small (<5â•¯mm in 
diameter) elevation in the skin of variable color. A 
papule is solid and should not be confused with a 
vesicle. Papules may be described as flat-topped or 
umbilicated, and their consistency may be characterized 
as soft or firm. An example of an umbilicated papule is 
molluscum contagiosum.

Comedones are seen in acne and in a few less common 
conditions. Essentially, they come in two forms, open 
and closed. Open comedones are also known as black-
heads. Each comedo represents a dilated follicular 
infundibulum with a buildup of oxidized keratin. Closed 
comedones are seen as tiny white papules, which are 

MORPHOLOGY: LICHENIFICATION, PLAQUES, AND FISSURES

Lichen simplex
chronicus.
Lichenified
excoriated
plaque on
the ankle,
showing
accentuation
of the skin
lines

Urticaria (hives).
Evanescent pink-
red pruritic
plaques

Postauricular fissures.
Fissures are linear thin erosions or ulcers
along skin lines.

produced when the follicular epithelium sticks together 
and seals the follicular orifice.

The word patch is sometimes used to describe a large 
macule. A more precise definition of a patch is an area 
of the skin that is not elevated but has surface change 
such as scale or crust. An example of a patch is tinea corÂ�
poris. Depending on the source or reference review, the 
term patch can include either of these two definitions.

A plaque is a well-defined lesion that has a plateau-
like elevation and is typically larger than 5â•¯mm in diam-
eter. The term plaque can also be used to describe a 
confluence of papules. An example of a plaque is a lesion 
of psoriasis.

A nodule is defined as a space-occupying lesion in the 
dermis or subcutaneous tissue. Its breadth is typically 
larger than its height. Surface changes may or may not 
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MORPHOLOGY: MACULES, PATCHES, AND VESICULO-PUSTULES

Tinea faciei. Annular scaly patches
with a leading edge of scale

Vitiligo. Depigmented macules

Herpes simplex virus. Tender
vesiculo-pustules on a red base

be present. Most authors agree that nodules are typi-
cally larger than 1â•¯cm in diameter, and they can be 
much larger.

A tumor is generally considered to be larger than 
2â•¯cm in diameter, and the term should be reserved 
exclusively for the description of malignant neoplasms. 
The words tumor and nodule are sometimes used inter-
changeably, which has caused confusion. Tumors can be 
elevated from the skin and located entirely in the epi-
dermis, or they can be space-occupying lesions in the 
dermis or subcutaneous tissue. Tumors often develop 
necrosis over time because of their neoplastic nature. A 
classic example of a skin tumor is a fungating tumor, as 
seen with mycosis fungoides.

Hives or wheals are also known as urticaria; this is a 
very specific term used to describe evanescent, pink-
red, pruritic plaques that spontaneously develop and 
remit within 24 hours. They tend to be extremely pru-
ritic. Dermatographism is commonly seen in associa-
tion with hives.

Blistering disorders are common pathological condi-
tions, and their lesions may be described as vesicles or 
bullae. A vesicle is defined as a fluid-filled elevation less 
than 1â•¯cm in diameter. A bulla is a fluid-filled epidermal 
cavity larger than 1â•¯cm in diameter. Blisters are most 
often filled with serous fluid, but they can be filled with 
a purulent exudate or a hemorrhagic infiltrate. Bullae 
are often described as flaccid or as firm and intact.

Pustules are small elevations in the epidermis that are 
filled with neutrophilic debris. The infiltrate within a 
pustule may be sterile or infectious in nature. An 
example of a sterile pustule is pustular psoriasis. An 
example of an infectious pustule is folliculitis.

Secondary lesions are often encountered in the der-
matology clinic and are of utmost importance when 
describing skin lesions and rashes. The word scale is 
used to describe exfoliating keratinocytes that have 
typically built up in such a mass that there is obvious 
surface change to the skin. Normal shedding of kerati-
nocytes occurs on a daily basis, so a small amount of 
scale is found on every human’s skin. It is the collection 
in large quantities that allows one to use scale as a 
descriptive term. Scale must be differentiated from 
crust. Crust is produced by the drying of blood, serum, 
or purulent drainage. Most commonly, a crust is 
described as a scab.

Excoriations are secondary lesions that develop as a 
result of repetitive scratching. Excoriations are typically 
linear but can be seen in many bizarre configurations.

Erosions are seen in many skin disorders, most  
commonly superficial blistering diseases, in which the 
upper layers of the epidermis have been removed, 
leaving a shallow, denuded erosion. Erosions are 
defined as breaks in the epidermis. This is in contrast 
to ulceration, which is defined as a break in the skin 
that extends into the dermis or subcutaneous tissue or, 
in severe cases, muscular tissue. A fissure is often seen 
on the palms or soles; it is a full-thickness epidermal 
break that follows the skin lines. Fissures have very 
sharply defined borders and are typically only a few 
centimeters long.

Scar is another secondary descriptive term used to 
describe the healing of the epidermis and dermis, 
usually in a linear or a geographic pattern, caused by 
some form of trauma or end-stage inflammatory 
process. Fresh scars are typically pink to red; over time, 
they mature, becoming flattened and more pale.

Lichenification is seen as an end process in chroni-
cally rubbed skin. The skin lines become accentuated 

and thickened from the chronic rubbing. A classic 
example of lichenification is lichen simplex complex.

The last of the secondary descriptive lesions dis-
cussed here are burrows. Burrows are seen as tiny, 
irregularly shaped, serpiginous or linear scale, often 
with a tiny black dot at one end. They are pathogno-
monic for the diagnosis of scabies, and the tiny black 
dot represents the scabies mite.

MORPHOLOGY (Continued)
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Treatment: No therapy is necessary for these 
extraordinarily common skin growths. They are mostly 
overlooked and not even mentioned on routine skin 
examination. The rare strangulated or thrombosed 
skin tag can be removed easily with a forceps and skin 
tag removal scissors after injection of a local anes-
thetic. If cosmetic removal is desired, it can easily be 
done by cleaning the skin with alcohol or chlorhexi-
dine and removing individual skin tags with a forceps 

ACROCHORDON

Acrochordons are better known by their common name 
of skin tag or fibroepithelial polyp. They are found 
universally throughout humankind. Probably every 
adult has at least one skin tag located somewhere across 
the surface of his or her skin. Except for a few loose 
associations with certain syndromes, skin tags have no 
clinical importance and are often ignored.

Clinical Findings: Skin tags can be found throughout 
the adult population. They have no sex or race predilec-
tion. They are completely benign skin growths that 
have no malignant potential. They are most commonly 
located in the axillae, on the neck, in the groin area, and 
on the eyelids but can be found in other locations. Skin 
tags are almost never seen in children. The finding of 
a skin tag in a child should lead one to perform a biopsy 
to rule out a basal cell carcinoma. Basal cell carcinoma 
syndrome has been well documented to manifest in 
children, and the basal cell carcinoma has been shown 
in this syndrome to mimic the appearance of skin tags. 
If one sees a skin tag in a child, performs a skin biopsy, 
and discovers it is a basal cell carcinoma, the patient 
should immediately be evaluated for the basal cell car-
cinoma syndrome.

Most skin tags are minute, 1 to 5â•¯mm in length, with 
a skin-colored to slightly hyperpigmented appearance. 
They are pedunculated papules that appear as out-
pouchings of the skin. They are soft and nontender. 
Occasionally, larger skin tags are found with a thick-
ened or a more sessile stalk. These larger skin tags may 
approach 1 to 1.5â•¯cm in length with a 5-mm base. Most 
individuals have more than one skin tag, and some indi-
viduals are afflicted with hundreds of them.

On occasion, a patient presents with a painful, 
necrotic skin tag. This is most commonly caused by 
trauma to the skin tag or twisting of the base that results 
in strangulation of the blood supply and subsequent 
necrosis. In these cases, removal is advised. If the 
appearance or clinical history is not classic, the speci-
men should be sent for pathological evaluation.

Many investigations have looked at the association of 
skin tags and underlying medical disorders with con-
flicting and confusing results. Patients with multiple 
skin tags may be at a higher risk for glucose intolerance. 
Some studies have even suggested that patients with 
multiple skin tags are at a higher risk for colonic polyps, 
but this is still subject to debate.

Pathogenesis: The pathogenesis of skin tags is 
believed to be a localized overgrowth of fibroblasts 
within the dermis. They may be more common during 
pregnancy, and they have been shown to be increased 
in patients with increased weight. This has led some  
to implicate insulin-like growth factor-1 as a possible 
driver of skin tag formation. The initiating factor is not 
completely understood.

Histology: The overlying epidermis is essentially 
normal. The skin tag appears as an outgrowth of the 
skin. The dermis appears normal, and there is a minimal 
inflammatory infiltrate present, if any at all. Throm-
bosed or strangulated skin tags show necrosis of the 
dermis and epidermis and thrombosis of the superficial 
supplying blood vessels. There is no atypia present.

Fleshy small pedunculated papules

Axilla

Neck

Eyelids

Inframammary

Groin

Common locations for skin tags

Low power. The pedunculated skin tag is bisected
horizontally. It has a symmetrical appearance with
many small dermal capillaries present within a
background of collagen bundles.

High power. A slightly acanthotic epidermis is seen
overlying a vascular dermis with plentiful collagen.

and skin tag removal scissors. Application of aluminum 
chloride after removal causes the superficial bleeding 
to stop.

Screening of individuals with skin tags for errors  
in glucose metabolism or for colonic polyps is conÂ�
troversial but should be performed if other findings  
in the review of systems or the clinical history and 
physical examination suggests one of these underlying 
disorders.
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Non-Becker’s smooth muscle hamartomas are usually 
present at birth or soon thereafter and manifest as a 
small, flesh-colored plaque located anywhere on the 
body. All smooth muscle hamartomas may at some 
point exhibit the pseudo-Darier’s sign. To clinically 
elicit this sign, one gently rubs the smooth muscle  
hamartoma; the lesion may fasciculate due to smooth 
muscle activity, or the region may develop an urticarial 
appearance. This sign has nothing to do with histamine 

BECKER’S NEVUS (SMOOTH 
MUSCLE HAMARTOMA)

Becker’s nevi most commonly appear on the shoulder 
or upper limb girdle of prepubescent boys. It is a rather 
common benign condition that is seen in up to 0.5%  
of the male population. It is less commonly seen in 
females. Becker’s nevi are acquired nevi. Most occur 
before 10 years of age. Becker’s nevus is classified as a 
smooth muscle hamartoma. It does not contain mela-
nocytic nevus cells and is not considered to be a mela-
nocytic nevus. It was given its name by the dermatologist 
Samuel Becker, who first described this condition.

Clinical Findings: Becker’s nevi begin as ill-defined, 
slightly hyperpigmented macules on the upper limb 
girdle. Over time (1 year, on average), the hyperpig-
mented region develops hypertrichosis, resulting in  
its characteristic appearance. Backer’s nevi may occur 
anywhere on the human body, but by far the most 
common locations are on the shoulder, upper chest, 
and back. The area of hypertrichosis is limited to the 
underlying hyperpigmented area. The clinical signifi-
cance of Becker’s nevi is its differentiation from large 
congenital nevi and café-au-lait macules. Becker’s nevi 
confer no increased risk for development of melanoma, 
and they are rarely associated with any underlying 
abnormalities. The most common underlying abnor-
mality is unilateral hypoplasia of the breast, which has 
minimal clinical significance. Rarely, a patient with a 
Becker’s nevus has underlying hypoplasia of bone and 
soft tissue, the cause of which is unknown. The dif-
ferential diagnosis includes a giant congenital nevus 
and a café-au-lait macule. These two conditions should 
be easily differentiated from Baker’s nevus, because 
they both are typically apparent at birth or soon there-
after, whereas Becker’s nevi are typically acquired at 
about the age of 10 years.

The diagnosis is typically made on clinical findings, 
but a skin biopsy is sometime needed to confirm the 
diagnosis if the nevus is in an unusual anatomical  
location. The punch biopsy is the best method for 
obtaining tissue.

Histology: The biopsy specimen shows a smooth 
muscle hamartoma. Multiple smooth muscle fascicles 
are seen within the dermis. There is an increased ratio 
of terminal to vellus hairs and a lack of melanocytic 
nevus cells. The hyperpigmentation results from 
increased formation of pigmentation within the mela-
nocytes of the stratum basalis. There is no increase in 
the number of melanocytes. Varying amounts of acan-
thosis and hyperkeratosis are seen.

Pathogenesis: The pathogenesis of Becker’s nevus is 
unclear. It is believed to be caused by the dermal pres-
ence of hamartomatous smooth muscle tissue. Research 
has shown that the tissue in Becker’s nevi has an 
increased number of androgen receptors. It is thought 
that increased androgen levels at puberty interact with 
the excessive androgen receptors and cause the clinical 
findings.

Becker’s nevus is the most common type of smooth 
muscle hamartoma in the skin. Smooth muscle hamar-
tomas by themselves are rarely found within the skin. 

Becker’s nevus

Becker’s nevus low power. Mild acanthosis is seen,
with hyperpigmentation present within the basal
cell layer. Prominent sebaceous glands are present.

Becker’s nevus high power. Collagen bundles
surround the prominent adnexal structures.

release; rather, it is caused by a neurally mediated con-
traction of the underlying hamartomatous smooth 
muscle tissue.

Treatment: No therapy is required. Surgical excision 
is likely to produce a mutilating scar unless the nevus 
is extraordinarily small. The hypertrichosis can be 
treated for cosmetic purposes with any of a multitude 
of therapies including laser removal, shaving, and elec-
trolysis. Most patients prefer to not treat the area.
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does a DFSP. There are numerous histological variants 
of dermatofibromas.

Pathogenesis: The precipitating factor that initiates 
the formation of a dermatofibroma is thought to be 
superficial trauma, such as from a bug bite, which causes 
the fibrous tissue proliferation. The exact etiology is 
unknown.

DERMATOFIBROMA (SCLEROSING 
HEMANGIOMA)

Dermatofibromas are among the most common types 
of benign skin growths. Usually, they occur on the 
extremities, with a predilection for the legs. There is 
some debate as to whether this is a true neoplasm or an 
inflammatory reaction.

Clinical Findings: Dermatofibromas are seen almost 
exclusively in adults, and females tend to be afflicted 
slightly more often than males. There is no race predi-
lection. Dermatofibromas can range in diameter from 
2â•¯mm to 2â•¯cm. They are round or oval. Most often 
they are solitary, but numerous dermatofibromas may 
be present in an individual. Dermatofibromas are 
usually small (4-5â•¯mm), firm, red to slightly purple 
papules that dimple with lateral pressure. This “dimple 
sign” is often used clinically to differentiate dermatofi-
bromas from other growths. There are many variations 
of dermatofibromas clinically. Elevated dome-shaped 
papules or plaques may be seen. The surface may or 
may not have a slight amount of scale, and occasionally 
there is an appearance of hyperpigmentation. On the 
lower legs of females, they are often excoriated as a 
result of shaving, and this is often the reason the 
patient presents for evaluation. Dermatofibromas  
are most frequently asymptomatic, but they can be 
slightly pruritic.

If dermatofibromas are numerous and located in 
many areas of the body, the clinician should consider 
the association with an underlying immunodeficiency 
state. There have been reports of multiple eruptive der-
matofibromas in patients with systemic lupus erythema-
tosus, human immunodeficiency virus infection, and 
other immunosuppressive states. The dermatofibromas 
in these patients have been shown to contain more  
mast cells.

The differential diagnosis of a dermatofibroma can 
be broad. If the dermatofibroma does not exhibit  
the dimple sign, the lesion is often biopsied to help 
differentiate it from melanocytic nevus, melanoma, 
basal cell carcinoma, dermatofibrosarcoma protuberans 
(DFSP), prurigo papules, and other epidermal and 
dermal tumors.

Histology: Dermatofibromas are made up of a collec-
tion of dermal spindle-shaped fibroblasts. Histiocytes 
and myofibroblasts are also found throughout the 
lesion. The synonym sclerosing hemangioma arises when 
numerous extravasated red blood cells are seen within 
the dermatofibroma. Characteristically, the overlying 
epidermis is acanthotic with broadening of the rete 
ridges. The rete ridges are slightly hyperpigmented, 
and this is sometimes referred to as “dirty feet” or “dirty 
fingers.” This finding explains the hyperpigmentation 
seen clinically.

Dermatofibromas stain positively for factor XIIIa  
and negatively for CD34. This is the opposite of the 
pattern seen in DFSP. Immunohistochemical staining 
also provides a marker that can be used to help distin-
guish the benign dermatofibroma (which stains with 
stromelysin-3) from the malignant DFSP (which does 
not). In contrast to DFSP, dermatofibromas do not 
infiltrate the underlying adipose tissue. Dermatofibro-
mas can push down or displace the adipose tissue, but 
they never truly demonstrate an infiltrative pattern as 

Dermatofibroma. Demon-
strating the “dimple sign”

Low power. There is a dermal proliferation of
spindle-shaped fibroblasts. The epidermis centrally
shows acanthosis and basilar hyperpigmentation.
The tumor cells do not reach to the subcutaneous
tissue.

Dermatofibrosarcoma protuberans. The tumor is
poorly circumscribed. The tumor cells are arranged
in a storiform pattern. Invasion into the subcutaneous
tissue is helpful in differentiating this malignant tumor
from the benign dermatofibroma.

High power. Multiple spindle-shaped fibroblasts
are arranged in a whorled pattern.

Treatment: Most dermatofibromas are not treated in 
any manner. Complete elliptical excision with a minimal 
1- to 2-mm margin is curative. The resulting scar may 
be more noticeable than the initial dermatofibroma. 
There is no evidence to support the routine removal of 
these common tumors to prevent malignant degenera-
tion into a DFSP.
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The eccrine porocarcinoma is very uncommon; histo-
logically, it is a tumor that is poorly circumscribed and 
often found in conjunction with an eccrine poroma. Cells 
with multiple large nuclei and multiple mitoses help 
make the diagnosis. Eccrine porocarcinomas can mimic 
metastatic adenocarcinomas, and immunohistochemical 
staining is required to make certain of the diagnosis.

Treatment: Although they are benign tumors, eccrine 
poromas often are located on the sole or palm and 

ECCRINE POROMA

Eccrine poromas are the most common tumors in the 
poroma family of skin tumors. Other tumors in this 
family include the dermal ductal tumor, the poroid 
hidradenoma, and the hidroacanthoma. Eccrine poro-
carcinoma is the rare malignant counterpart to the 
eccrine poroma. Eccrine poromas develop from the 
appendageal structures of the skin. The all-encompassing 
term poroma is more accurate in that it appears that not 
all of these tumors are derived from eccrine structures. 
There is unconfirmed evidence that the cell of origin is 
actually apocrine. Other possibilities for the cell of 
origin include the sebaceous gland and the follicular 
epithelium.

Clinical Findings: Eccrine poromas are uncommon 
tumors of the skin. They occur equally in men and 
women and almost exclusively in the adult population. 
They are typically small tumors, ranging from 5 to 
20â•¯mm. They are most frequently found on the soles 
and palms. As many as 50% to 60% of these tumors 
have been found on the sole, but they have been 
described to occur in any skin location. Pain and bleed-
ing are the two most common symptoms encountered. 
Eccrine poromas tend to have a vascular appearance 
and often manifest as a red or purplish papule or nodule. 
They are almost always solitary in nature, and they 
easily bleed when traumatized. On inspection, the 
eccrine poroma often has a slight, dell-like depression 
surrounding the tumor. This is more commonly seen 
on acral skin. This dell, when seen by the perceptive 
clinician, often leads to a differential diagnosis that 
includes an eccrine poroma. There is nothing clinically 
that can be used with certainty to make the diagnosis. 
The differential diagnosis includes vascular tumors, 
metastatic lesions (particularly the vascular renal cell 
carcinoma metastasis), pyogenic granuloma, and mela-
noma, because some eccrine poromas exhibit pigmenta-
tion. The diagnosis is made by histological examination 
after biopsy.

Histology: Eccrine poromas show varying degrees of 
ductal differentiation. The tumor is well circumscribed 
and has characteristic features. The keratinocytes have 
been described as cuboidal. They tend to be small and 
have an increased nuclear to cytoplasmic volume. 
Necrosis is often seen in parts of the tumor. The ductal 
portions of the tumor are lined by an eosinophilic layer 
or cuticle. The stromal portions of the tumor are rich 
in vascular components. This vascular element imparts 
the red appearance to the tumor. Eccrine poromas can 
be histologically classified as other members of the 
poroma family of tumors, based on their location in the 
skin. As an example, the hidroacanthoma, a member of 
this family, is defined as an eccrine poroma that is 
entirely located in the epidermis.

High power. A better appreciation
of the stromal blood vessels is seen.
The tumor cells are uniform in size
and shape.

Low power. The tumor appears as an extension
of the epidermis. The finger-like projections
of tumor cells extend into the dermis. There
is a clear difference between keratinocytes
and the smaller tumor cells. Many blood
vessels are present within the tumor stroma.

Eccrine poroma on
the scalp. Glistening 
red papule or nodule.
Can be located at
any location

Eccrine porocarcinoma. Nondescript
red papule or nodule. Ulceration may
occur. A biopsy is required to diagnose
this rare form of skin cancer.

require removal from a functional standpoint. Surgical 
excision with a small (1-2â•¯mm), conservative margin is 
curative. The recurrence rate is very low after surgical 
excision. Electrodesiccation and curettage has been 
used successfully. Eccrine porocarcinomas require sur-
gical excision and close clinical follow-up. Chemother-
apy is reserved for cases of metastatic disease. The role 
of sentinel lymph node sampling in these tumors has 
yet to be defined.
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ECCRINE SPIRADENOMA

Eccrine spiradenomas are uncommon benign tumors of 
the skin. Most often they are solitary, but they can occur 
in conjunction with cylindromas in the Brooke-Spiegler 
syndrome. They can occur in any location on the 
human body but are most commonly found on the head 
and neck. The next most common region is the ventral 
trunk. These tumors are uncommon on the extremities. 
Spiradenomas tend to appear between the ages of 15 
and 40 years, although they have been reported to occur 
at any age. Malignant degeneration is extremely rare, 
but if it does occur, it is often fatal.

Clinical Findings: A spiradenoma usually manifests 
as a solitary dermal nodule or papule ranging from 5 to 
20â•¯mm in diameter. The average size is approximately 
10â•¯mm. They are typically seated deeply in the dermis 
and can be very painful to light touch. The tumors grow 
very slowly, and except for the pain can go unnoticed 
for some time. The pain tends to have a waxing and 
waning course, and it is more often than not the reason 
the patient seeks medical advice. The overlying epider-
mis is almost always normal. The dermal nodule some-
times takes on a purple or bluish coloration. Although 
they are most commonly solitary, multiple spiradeno-
mas may be seen in association with multiple cylindro-
mas in Brooke-Spiegler syndrome.

Brooke-Spiegler syndrome is an autosomal dominant 
inherited skin condition caused by a genetic defect in 
the CYLD gene. This syndrome is characterized by 
multiple cylindromas, spiradenomas, and trichoepithe-
liomas. The tumors usually begin in the third decade 
of life and increase in number and size throughout the 
patient’s life. The CYLD gene encodes a tumor suppres-
sor protein and is an important downregulator of the 
nuclear factor NF-κB pathway. The clinical phenotype 
varies depending on the type of mutation in this gene. 
Patients with familial cylindromatosis also have defects 
in this gene. The gene has been localized to the long 
arm of chromosome 16.

The eccrine spiradenoma is considered to be one of 
the group of unique tumors that can cause painful 
dermal nodules. This group also includes angiolipomas, 
neuromas, glomus tumors, and leiomyomas. This group 
of tumors makes up the differential diagnosis when 
evaluating these painful nodules. If the nodule is asymp-
tomatic, lipoma and other adnexal tumors would also 
be considered in the differential diagnosis.

The exact cell type from which the spiradenomas  
are derived is still undetermined. They were originally 
believed to arise from eccrine tissue, but increasing 
evidence is pointing to a derivation from apocrine 
tissue.

Histology: The histological hallmark of an eccrine 
spiradenoma is the appearance of large nests of baso-
philic cells in the dermis. There are no epidermal 

Low power. Well-circumscribed basophilic dermal
nodule within the dermis

High power. Two cell populations are present,  
a larger pale cell type and a peripheral smaller 
basophilic cell type.

Brooke-Spiegler syndrome.
Multiple eccrine spiradenomas
and cylindromas. Inherited in
an autosomal dominant manner

Variable-sized nodules commonly found
on the scalp. Can be an isolated finding
or found in association with Brooke-
Spiegler syndrome

Cylindromas

changes, and the multilobulated tumors do not connect 
with the epidermis. This gives rise to the term “blue 
balls in the dermis.” The tumor is composed of two 
unique cell types. Large, pale cells predominate, with 
surrounding aggregates of smaller basophilic cells that 
contain hyperchromatic nuclei. The tumor is well cir-
cumscribed and is surrounded by a fibrous capsule.

Treatment: Surgical excision is curative. Surgical 
removal with carbon dioxide laser ablation has also been 
found to be highly successful. Because of the number 
and size of the tumors in patients with the Brooke-
Spiegler syndrome, a multidisciplinary approach is 
often taken. Plastic surgeons are often the primary  
physicians removing these tumors.
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Pathogenesis: Eccrine syringomas are believed to be 
an overgrowth of the eccrine sweat ductal apparatus. 
Researchers have proposed that this proliferation is 
caused by an inflammatory response to an as yet unde-
termined antigen. The precise pathogenesis of eccrine 
syringomas is unclear. Familial patterns suggest a 
genetic predisposition, but most patients do not have  
a family history to support genetic transmission.

ECCRINE SYRINGOMA

Eccrine syringomas are extremely common benign skin 
growths. They are most often found on the lower 
eyelids and malar cheek regions of adults. These small 
tumors are of no clinical significance and are routinely 
ignored in clinical practice.

Clinical Findings: Eccrine syringomas are some of 
the most common benign skin tumors to affect human-
kind. They are believed to be more common in women 
than in men. They typically manifest in adulthood as 
flesh-colored, small (2-4â•¯mm) papules on the lower 
eyelids or upper cheek regions. They are usually mul-
tiple and symmetric. Some have a slight yellow or tan 
hue. Other areas of the body on which syringomas are 
seen include the upper eyelids, neck, and chest. They 
have been reported to occur on any region of the body.

Plaque-like syringomas have been reported to occur 
on the forehead, and they have the appearance of a 
flesh-colored to slightly yellow, broad, flat plaque with 
minimal to no surface change. They can be quite large, 
up to 4 to 5â•¯cm in diameter. They are essentially asymp-
tomatic, but occasionally a patient complains of slight 
intermittent itching or of an increase in size with stren-
uous physical activity. This is possibly explained by the 
eccrine nature of the tumors: Under conditions of activ-
ity, an increase in sweating causes the tumors to tran-
siently appear to enlarge. There are specific variants 
seen in patients with diabetes mellitus and in those with 
Down syndrome. A form of eruptive syringoma has 
been described that typically afflicts the anterior trunk 
and the penile shaft. Linear syringomas have been 
reported to occur on a unilateral limb, and these have 
been termed unilateral linear nevoidal syringomas.

The clinical differential diagnosis of eccrine syringo-
mas is relatively limited when the clinician encounters 
symmetric small papules on the lower eyelids. The dif-
ferential diagnosis for a solitary syringoma is broad and 
includes other adnexal tumors as well as basal cell car-
cinoma. The most difficulty arises when reviewing the 
histological features of a syringoma that has been biop-
sied in a superficial manner. If the pathologist is not 
given a thick enough specimen, the eccrine syringoma 
can mimic a microcystic adnexal carcinoma. These two 
tumors, one benign and the other malignant, can have 
very similar histological features in the superficial 
dermis. In some cases, it is only with a full-thickness 
biopsy that a pathologist can confidently differentiate 
the two tumors.

Histology: The overlying epidermis is normal. The 
tumor is based within the dermis and is sharply circum-
scribed. The syringoma typically does not penetrate 
deeper than the upper third of the dermis. Clusters of 
cells with a pale cytoplasm are found throughout the 
tumor. A background of sclerotic stromal tissue is 
always appreciated. A characteristic finding is the 
“tadpole” sign. The tadpole- or comma-shaped, dilated 
ductal eccrine gland apparatus is pathognomonic for 
eccrine syringoma. Clear cell variants are associated 
with diabetes mellitus. A microcystic adnexal carcinoma 
is poorly circumscribed, is asymmetric, and infiltrates 
into the underlying subcutis.

Treatment: No treatment is necessary. If one wishes 
to pursue therapy, it should be done with caution, 
because treatment experiences are anecdotal, and scar-
ring may have a worse appearance than the syringoma 
itself. Electrocautery, light cryotherapy, chemical peels, 
laser resurfacing, dermabrasion, and excision have been 
reported with variable results.

Low power. The overlying epidermis is normal.
The tumor is located in the superficial dermis
and is made up of comma-shaped dilated ductal
eccrine glands.

High power. Clusters of cells with a pale cytoplasm
are found throughout the tumor. There is a back-
ground of sclerotic stromal tissue. The comma-
shaped dilated ductal eccrine gland apparatus is
apparent.

 Syringoma. The most common location for syringomas is on the lower eyelid.
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One of the more important and unique variants of 
lentigines are the psoralen + ultraviolet A light (PUVA) 
lentigines. PUVA lentigines are iatrogenic in nature 
and occur after medical therapy with PUVA treatment. 
Patients who have undergone long-term therapy with 
PUVA have a high risk of developing PUVA lentigines. 
These lentigines are darkly pigmented macules that 
occur across the entire body except in the areas that 
were not exposed to the PUVA therapy. More than half 

EPHELIDES AND LENTIGINES

Ephelides, also known as freckles, are common benign 
findings. They typically manifest in childhood in fair-
skinned individuals, especially those with red or blonde 
hair color. Ephelides tend to be passed down from  
generation to generation in an autosomal dominant 
inheritance pattern.

Lentigines are sun-induced proliferations of melano-
cytes. They tend to occur in older people, but they may 
be seen in individuals at a young age after repetitive  
sun exposure. They can be almost impossible to dif-
ferentiate from ephelides. Solar lentigines have many 
synonyms, including sun spots, liver spots, and lentigo 
senilis.

Clinical Findings: Ephelides occur at a very young 
age and tend to show an autosomal dominant inheri-
tance pattern. They are accentuated in sun-exposed 
regions, particularly the head, neck, and forearms. 
Exposure to the sun or other ultraviolet source causes 
the ephelides to become darker and clinically more 
noticeable. They do not occur within the oral mucosa. 
They are usually uniform in coloration but can have 
many different sizes and shapes. Some are round or 
oval; others are angulated or have a bizarre shape. Their 
color is usually a uniform light to dark brown; they are 
never black. They have no malignant potential. Patients 
with multiple ephelides may have a higher risk for  
skin cancer, because their presence may be an indication 
of increased exposure to ultraviolet radiation. The dif-
ferential diagnosis is usually very narrow and includes 
lentigines and common acquired nevi. The clinical 
location, age at onset, family history, and skin type 
usually make the diagnosis straightforward. The diffi-
culty can occur when trying to differentiate a solitary 
lentigo from an ephelide in an adult patient.

Solar lentigines most often arise in the adult popula-
tion and are distributed evenly among males and 
females. They can occur in anyone but are much more 
common in light-skinned persons. The number of len-
tigines typically increases with the age of the patient. 
Lentigines are induced by ultraviolet radiation, the 
most common source being chronic sun exposure. Len-
tigines tend to get darker with ultraviolet light exposure 
and lighten over time when removed from the expo-
sure. Unlike ephelides, they never completely fade 
away. They are clinically highly uniform in color and 
size within an individual patient. They can be small 
(1-5â•¯mm), but some are much larger (2-3â•¯cm in diam-
eter). They are most commonly located in sun-exposed 
areas but in some syndromes can be located anywhere 
on the human body, including the mucosal regions. 
Over time, some lentigines merge together to form 
rather large lentigines.

There are some important variants of lentigines. 
Lentigo simplex and the ink spot lentigo are two very 
common versions. Lentigo simplex is believed to occur 
at any age and to have no or minimal relationship to 
sun exposure. The lesions are found anywhere on the 
body. Ink spot lentigines are variants of lentigo simplex 
that are differentiated by their characteristic dark 
brown to almost black coloration. Under dermato-
scopic evaluation, they have a characteristic uniform 
pigment network, with accentuation of pigment in the 
rete ridge regions. They are so named because they 
have the appearance of a tiny drop of dark ink dropped 
on the skin. Neither of these two forms of lentigines 
has malignant potential.

EPHELIDES

Low power. Basilar pigmentation is uniformly seen along the biopsy specimen. There is no increase in 
the density of melanocytes present.

Ephelides, also known as freckles, are most
frequently encountered in fair-skinned
individuals on sun-exposed skin. Sun
exposure causes accentuation.

High power. Pigmentation is isolated to the basal
layer. A nice basketweave stratum corneum is
seen with a nicely formed granular layer.

of patients who have undergone prolonged PUVA 
treatment will develop PUVA lentigines. They are 
more common in patients with fair skin types and rarely 
occur in darker-skinned individuals. The lentigines 
induced by PUVA therapy are permanent and can have 
disastrous cosmetic consequences. Like all patients 
undergoing ultraviolet phototherapy, these patients 
must be routinely monitored for their entire lives, 
because they are at increased risk for melanoma and 
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to an increase in lentigines is under investigation. A 
better understanding of how lentigines form in certain 
genetic syndromes may lead to discovery of the true 
pathogenesis of solar lentigines and lentigo simplex.

Treatment: No therapy is needed other than to rec-
ommend sun protection, sunscreen use, and routine 
skin examinations in the future. For cosmetic reasons, 
lentigines can be removed in a myriad of ways. Light 
cryotherapy is effective and easy to perform. This 

non-melanoma skin cancer due to their chronic use of 
PUVA treatment.

Patients with Peutz-Jeghers syndrome have clinical 
findings of multiple lentigines of the oral mucosa and 
lips and of the hands. These patients are at increased 
risk for gastrointestinal carcinomas, particularly colon 
cancer. Peutz-Jeghers syndrome is inherited in an auto-
somal dominant fashion and is caused by a defect in the 
STK11/LKB1 tumor suppressor gene.

LEOPARD syndrome is another of the well-
described genetic syndromes associated with lentigines. 
This syndrome is composed of lentigines, electrocar-
diographic abnormalities, ocular hypertelorism, pul-
monary stenosis, abnormal genitalia, retardation of 
growth, and deafness. It is caused by a genetic mutation 
in PTPN11, which encodes a tyrosine phosphatase 
protein.

Histology: Histopathological evaluation is one 
method to differentiate a lentigo from an ephelide. This 
is rarely done. The most common use of histology is to 
differentiate the benign lentigo from its malignant 
counterpart, lentigo maligna (melanoma in situ).

On histopathologic evaluation, ephelides show no 
change in the epidermis. There is no increase in  
the number of melanocytes. The only finding is an 
increase in the amount of melanin and an increased  
rate of transfer of melanosomes from melanocytes to 
keratinocytes.

Lentigines, on the other hand, show an increased 
number of melanocytes within the area of involvement. 
The hyperpigmentation is obvious along the club-like 
configuration of the rete ridges. The increase in the 
number of melanocytes is not associated with any 
nesting of those melanocytes, as is seen in melanocytic 
nevi. In solar lentigines, the dermis often shows signs 
of chronic sun damage, with a thinning of the dermis 
and solar elastosis. The epidermis is also thinned in 
some cases.

Lentigo maligna shows many more melanocytes, 
some large and bizarre appearing. There is pagetoid 
spread of the melanocytes and an asymmetry to the 
lesion. Lentigo simplex has also been shown to lack 
defects in the BRAF gene, in contrast to melanoma, and 
this may be one way to differentiate the two.

Pathogenesis: Ephelides are thought to be genetically 
inherited, most likely in a dominant pattern. They 
become more prominent with sun exposure and fade 
during times with less exposure to ultraviolet radiation. 
The increase in pigment is caused by an increase in the 
production of melanin and an increase in the transfer 
of melanosomes from melanocytes to keratinocytes. 
There is no increase in the number of melanocytes in 
ephelides. The exact reason for this has not been 
determined.

Lentigines are caused by an increased proliferation 
of melanocytes locally within the skin. The cause of  
this proliferation is most likely ultraviolet light in the 
case of solar lentigines. In the case of lentigo simplex, 
the cause is unknown. The increased number of  
melanocytes ultimately leads to an increase in the 
amount of melanin produced, resulting in the overlying 
hyperpigmentation.

The cause of lentigines in some of the genetic disor-
ders is probably the underlying genetic defect. The 
exact mechanism of how the various gene defects lead 

LENTIGINES

Peutz-Jeghers syndrome is well
known to cause mucocutaneous
lentigines.

Low power. Basilar hyperpigmentation is prominent. 
There is an increase in the production of melanin
and an increase in the number of melanocytes.
The rete ridge pattern is altered and appears “club
shaped.” Solar elastosis is prominent in the dermis. 

High power. An increase in the number of melano-
cytes is appreciated. No pagetoid spread is seen.
A few melanophages are seen in the dermis.

Solar lentigines

treatment can leave hypopigmented areas and should 
be used with caution in darker-skinned individuals. 
Many different chemical peels and dermabrasion tech-
niques have been used to help decrease the appearance 
of lentigines. With the proliferation of medical laser 
devices in dermatology, lasers with unique wavelengths 
have been developed to target the melanin in lentigines. 
These laser devices have shown promise in lightening 
and removing solar lentigines.

EPHELIDES AND LENTIGINES 
(Continued)
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EPIDERMAL INCLUSION CYST

Epidermal inclusion cysts are the most common benign 
cysts derived from the skin. They are also known as 
epidermoid cysts or follicular infundibular cysts. The 
name “sebaceous cyst” has been used to describe these 
cysts, although this is a misnomer, because epidermal 
inclusion cysts are not derived from sebaceous epithe-
lium. The cysts can occur anywhere on the body except 
the palms, soles, glans, and vermilion border.

Clinical Findings: Most epidermal inclusion cysts 
are subcutaneous nodules that vary in size from 5â•¯mm 
to more than 5â•¯cm. They have no race predilection but 
are seen more commonly in men than in women. Onset 
most commonly occurs during the third decade of life. 
The nodules characteristically have an overlying central 
punctum. From this punctum, drainage of white, 
cheese-like material, which represents a buildup of 
macerated keratin debris, can occur. Most small epider-
mal inclusion cysts are asymptomatic, and they rarely 
cause a problem.

Larger epidermal inclusion cysts can become irri-
tated and inflamed. If the inflammation is severe 
enough, the cyst wall ruptures. When the cyst contents 
enter the dermis, the keratin sets off a massive inflam-
matory reaction, which manifests clinically as edema, 
redness, and pain. Once this has occurred, patients 
often seek medical advice.

The main differential diagnosis for a ruptured epi-
dermal inclusion cyst is a boil or furuncle. Ruptured 
epidermal inclusion cysts are almost never infected, 
although infection can occur within a long-standing 
ruptured cyst that has not been treated. The main dif-
ferential diagnosis of an unruptured, noninflamed epi-
dermal inclusion cyst is a pilar cyst. Pilar cysts do not 
have an overlying central punctum, and this is the 
easiest means of differentiating the two cyst types. Pilar 
cysts are also more common on the scalp. Milia are 
considered to be tiny epidermal inclusion cysts.

Histology: The epidermal inclusion cyst is a true cyst 
with an epithelial lining of stratified squamous epithe-
lium and an associated granular cell layer. The central 
cavity is filled with keratin debris. The cyst is derived 
from follicular epithelium.

Pathogenesis: The epidermal inclusion cyst is derived 
from the infundibulum of the hair follicle. Epidermal 
inclusion cysts occur as the result of direct implantation 
of epidermis into the underlying dermis; from there, 
the epidermal component continues to grow into the 
cyst lining. Many researchers have looked at the roles 
of ultraviolet light and human papillomavirus infection 
in the etiology, but no definitive conclusions on either 
have been drawn.

Treatment: Small cysts that are asymptomatic do 
not need to be treated. One should advise patients  
not to manipulate or squeeze the cysts. Such trauma 
could cause rupture of the cyst wall and set off an 
inflammatory reaction. Small cysts can be cured by a 
complete elliptical excision, making sure to remove the 

Epidermal inclusion cyst, sometimes
referred to as a sebaceous cyst. The 
upper cyst is red and inflamed.
The lower noninflamed cyst
has a central punctum.

Bulge area. This area
contains the stem cells
that re-form new hair.

Epidermal inclusion cyst      
arising at the site of scar

High power. The stratified
squamous lining is better
appreciated in this high-
power image. An intact
granular layer is seen.
The cyst contents appear
as wavy eosinophilic
material.

Low power. A well-
circumscribed cyst 
is seen within the
dermis. The cyst lining
is formed by stratified
squamous epithelium,
which contains a
granular cell layer.
A slight amount of
dermal inflammation
is seen surrounding
the cyst.
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entire cyst wall. If a small portion of the cyst wall is left 
behind, the cyst is likely to recur.

Inflamed cysts should be treated initially with an inci-
sion and drainage technique. The region is anesthetized 
and then incised with a no. 11 blade. The resulting 
cheesy-white macerated keratin debris is removed with 
lateral pressure, and a curette is used to break apart 
internal loculations. The drainage material has a 

pungent odor. The resulting cyst cavity can be packed 
or left open until the patient returns in 2 to 3 weeks  
for definitive removal of the cyst lining by excision. 
Intralesional triamcinolone is very effective in decreas-
ing the inflammation and pain in these inflamed cysts. 
Long-standing cysts should be cultured and the patient 
given the appropriate antibiotic therapy based on the 
culture results.
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EPIDERMAL NEVUS

Epidermal nevi are benign epidermal hamartomatous 
growths that most commonly occur as small plaques  
but can be widespread and can have associated systemic 
findings. Epidermal nevi have a tendency to follow the 
embryologic lines of Blaschko. The lines of Blaschko 
are well defined and follow a whorl-like pattern. The 
reason why these lesions follow Blashko’s lines is  
not fully understood, but it is probably caused by an 
interruption of normal epidermal migration during 
embryogenesis.

Clinical Findings: The epidermal nevus typically 
manifests in childhood as a solitary linear plaque. Epi-
dermal nevi do not have a race predilection, and they 
can be found equally in males and females. This type 
of nevus is not melanocytic in nature; rather, it is com-
posed of a proliferation of keratinocytes. The nevus 
initially has a smooth surface and develops a mamillated 
or verrucal surface over time. Epidermal nevi appear to 
occur most commonly on the head and neck region but 
can occur anywhere. After puberty, the lesions do not 
change dramatically. Most are flesh colored to slightly 
hyperpigmented. If found on the scalp, an epidermal 
nevus can mimic a nevus sebaceus and can be associated 
with hair loss, but more commonly it does not cause 
alopecia.

The epidermal nevus is usually small and slightly 
linear. Some are large, encompassing the entire length 
of an extremity, and still others cover a large percentage 
of the body surface area. Rarely, there is intraoral 
mucosal involvement. These larger epidermal nevi are 
more likely to be associated with systemic findings, such 
as underlying bone abnormalities. The most common 
bony abnormality is shortening of the unilateral limb. 
The epidermal nevus syndrome is a rare disorder asso-
ciated with a large or widespread epidermal nevus and 
many systemic findings.

The epidermal nevus syndrome is made up of a con-
stellation of findings. These children often present with 
neurological deficits, including seizures, and develop-
mental delay. They can have a multitude of bony abnor-
malities, cataracts, and glaucoma. The finding of a 
widespread epidermal nevus in an infant should alert 
the clinician to the possibility of this syndrome and the 
need for a multidisciplinary approach to patient care.

Pathogenesis: The epidermal nevus is a hamartoma-
tous proliferation of the epidermal components. The 
exact cause is unknown. These lesions are believed to 
be caused by a developmental abnormality of the ecto-
derm. The epidermal nevus syndrome has not been 
shown to have any appreciable inheritance pattern and 
is believed to be sporadic in nature. The exact genetic 
defect is unknown; it is most likely a result of genetic 
mosaicism. The involvement of fibroblast growth factor 
has been studied, but no firm conclusions have been 
made. These lesions do not show any abnormalities of 
melanocytes.

Histology: The findings in this condition are all 
located within the epidermis. Significant acanthosis and 
hyperkeratosis, with papillomatosis, predominates. A 
variable degree of pigmentation is seen in the involved 
keratinocytes, but this is not a disorder of melanocytes, 
and the number of melanocytes is normal. The granular 
cell layer is expanded. Many unique histological vari-
ants of epidermal nevi have been described.

Lines of Blaschko. Epidermal nevi
often follow these embryological lines.

Epidermal nevus, low power. Hyperkeratosis,
acanthosis, papillomatosis, and basilar
hyperpigmentation are prominent.

Epidermolytic hyperkeratosis, low power. The
same architecture as an epidermal nevus is seen;
however, prominent vacuolar changes are
seen within the epidermis.

Treatment: Small, isolated epidermal nevi can be 
removed with shave removal technique. They have a 
high rate of recurrence with this technique, but recur-
rence may take many years. The advantages of this 
technique are that it is relatively easy, noninvasive, and 
quick, and it provides an opportunity to histopatho-
logically evaluate the tissue for any evidence of  
epiÂ�dermolytic hyperkeratosis. The disadvantage of 
shave removal is that it is appropriate only for small  

epiÂ�dermal nevi. Cryotherapy with liquid nitrogen has  
been used successfully, but it may leave unsightly 
hypopigmentation in darker-skinned individuals and 
should be used with caution.

Complete surgical excision is curative for small epi-
dermal nevi. However, it leaves a scar that may be more 
noticeable than the nevus was. Laser resurfacing, derm-
abrasion, and chemical peels have been used to help 
smooth out the appearance of epidermal nevi.
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epithelium are cords or epithelial strands that project 
into the surrounding dermis. These cords interconnect 
at various positions and form a weave-like pattern. 
Trichodiscomas do not contain a hair shaft; one sees a 
proliferation along a hair follicle of a fibrovascular 
stroma akin to an angiofibroma. It is postulated that 
these two tumors are indeed the same but appear to be 
two distinct tumors due to routine processing and sam-
pling at various tissue plane levels.

FIBROFOLLICULOMA

Fibrofolliculomas are uncommon benign tumors of the 
skin. They are derived from the hair follicle epithelium 
and show a unique mantle differentiation. These tumors 
are uncommonly seen, but if they are seen in multiples, 
one needs to consider that they are a constellation of 
Birt-Hogg-Dubé syndrome.

Clinical Findings: These tumors, when seen, are 
often solitary skin growths on the head and neck. They 
are small (2-5â•¯mm), flesh-colored to tan-yellow papules. 
They most commonly manifest in the third or fourth 
decade of life. They are asymptomatic and rarely, if 
ever, get inflamed or bleed spontaneously. On occasion, 
a small hair is seen emanating from the center of  
the lesion. The main differential diagnosis clinically 
includes compound nevus, basal cell carcinoma, fibrous 
papule, and other types of adnexal tumor. Definitive 
diagnosis is impossible without histological examina-
tion. Solitary fibrofolliculomas are usually found inci-
dentally on routine skin examination. Some patients 
present with a slightly enlarging new papule, often 
expressing concern for or fear of skin cancer.

Multiple fibrofolliculomas are seen in association 
with Birt-Hogg-Dubé syndrome. This syndrome is 
caused by a genetic defect in the tumor suppressor 
gene, folliculin (FLCN) . This gene has been localized to 
the short arm of chromosome 17. Other cutaneous con-
stellations of this autosomal dominantly inherited syn-
drome include trichodiscomas and skin tags. The most 
important aspect of diagnosing this syndrome early is 
to screen patients for the possibility of renal tumors, 
both benign and malignant. Renal oncocytomas are the 
most common malignant renal tumor seen in this syn-
drome. Another rare renal cancer, the chromophobe 
renal cell carcinoma, also may be seen. This very rare 
tumor is seen in a higher percentage of patients with 
Birt-Hogg-Dubé syndrome than in the general popula-
tion. It has a less aggressive behavior than other forms 
of renal cell carcinoma. Patients with this syndrome are 
also at higher risk for spontaneous pneumothorax. 
Some believe that trichodiscomas are the same type of 
tumor as the fibrofolliculoma and that the difference in 
histological appearance is caused by sampling and pro-
cessing artifact (i.e., the identical tumor processed at 
different tissue surface levels).

Pathogenesis: Fibrofolliculomas are believed to be 
derived from the upper part of the follicular epithelium. 
The tumors are thought to be hamartomatous pro-
cesses that develop within the dermis. Mantle-like 
structures, as seen in sebaceous glands, are often present 
and may be the derivation of these tumors. Some 
authors even consider the manteloma (an extremely 
rare benign skin tumor) to be in the same spectrum of 
tumors as the fibrofolliculoma and the trichodiscoma.

Histology: The tumor surrounds a well-formed ter-
minal hair shaft. The upper portion of the hair shaft is 
slightly dilated. Emanating from the central hair shaft 

Treatment: Solitary fibrofolliculomas can be 
removed completely with the shave removal technique. 
This gives excellent cosmetic results, and the tumors 
are unlikely to recur. Multiple tumors are more dif-
ficult to remove; laser resurfacing, dermabrasion, and 
chemical peeling have all been used with varying 
results. The recognition of multiple fibrofolliculomas 
or trichodiscomas necessitates screening for Birt-
Hogg-Dubé syndrome.

Fibrofolliculomas. Note the periauricular
and retroauricular location of monomorphous
papules. They are most commonly seen in
association with Birt-Hogg-Dubé syndrome.

Skin Finding in Birt-Hogg-Dubé 

1. Fibrofolliculomas
2. Skin tags
3. Trichodiscomas
4. Lipomas
5. Angiolipomas
6. Angiofibromas

Low power. The tumor is made up of a centrally
located basophilic tumor lobule with what appears
to be a hair shaft forming within the lobule.

High power. Close-up view shows the basophilic
tumor lobule and the fine hair shaft with keratin
debris.
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a collagen-filled stroma. Immunohistochemical staining 
has shown that the dermal dendrocyte is the most likely 
precursor cell to the abnormal fibroblasts seen in 
fibrous papules. The underlying cause has yet to be 
determined. The multiple angiofibromas of tuberous 
sclerosis are directly related to an underlying defect in 
the tumor suppressor gene, tuburin (TSC2). Patients 
with tuberous sclerosis also have angiofibromas in a 
periungual location, as well as hundreds to thousands 

FIBROUS PAPULE

Fibrous papules are one of the most common benign 
skin growths encountered. They are often overlooked 
or ignored during routine skin examinations. The exact 
incidence is unknown, but they are believed to be 
extraordinarily common. These skin growths are most 
frequently found on the nose, but they can occur any-
where, especially on the face.

Clinical Findings: Fibrous papules are typically 
small, 0.5 to 5â•¯mm in diameter. They are slightly oval 
and dome shaped with an overlying smooth surface. 
Most commonly, they are flesh colored to slightly 
hyperpigmented. Fibrous papules can also have a 
hypopigmented appearance. These benign tumors are 
almost entirely asymptomatic. On occasion, a patient 
notices a slight itching sensation; less frequently, a 
patient may describe spontaneous bleeding or bleeding 
after minor trauma. These growths are most often soli-
tary in nature, but multiple fibrous papules have been 
reported. Fibrous papules most commonly occur in 
young adults, especially in the third to fifth decades of 
life. The most common location is the face, with the 
nose and chin the two areas most commonly involved.

Fibrous papules are considered to be angiofibromas. 
Multiple angiofibromas can be part of a constellation 
known as the tuberous sclerosis syndrome. The dif-
ferential diagnosis in a teenager with multiple angioÂ�
fibromas should always include tuberous sclerosis. 
However, solitary fibrous papules are extraordinarily 
common and should not cause one to look for an under-
lying syndrome such as tuberous sclerosis. Pearly penile 
papules are small, dome-shaped, 1- to 2-mm papules 
found along the corona of the glans. These pearly 
penile papules are histologically indistinguishable  
from fibrous papules and are also considered to be 
angiofibromas.

The differential diagnosis of a fibrous papule can be 
quite broad, and a biopsy is often required to differenti-
ate the potential mimickers. The entities most com-
monly included in the differential diagnosis are common 
acquired melanocytic nevus and basal cell carcinoma. In 
these cases, a shave biopsy is required to make a firm 
diagnosis.

Histology: A fibrous papule is considered to be an 
angiofibroma. There are multiple histological variants 
of fibrous papules. The most commonly encountered 
fibrous papules are typically dome shaped and small (up 
to 5â•¯mm in diameter), and they show a proliferation of 
fibroblasts with a stroma of fibrotic collagenized mate-
rial. Dilated blood vessels are often found within the 
papules. An inflammatory infiltrate is frequently seen, 
but it is typically sparse. The combination of clinical 
findings with the typical histopathological findings 
solidifies the diagnosis.

Multiple histological variants have been described, 
including pleomorphic, pigmented, granular cell, 
hypercellular, and clear cell variants. These variants are 
believed to be much less common than the classic type 
of fibrous papule. They have been described in detail 
and are well accepted and recognized histopathological 
variations.

Pathogenesis: Fibrous papules are believed to be a 
benign proliferation of fibroblasts and blood vessels in 

of angiofibromas located symmetrically on the face  
and nose.

Treatment: No treatment is necessary, although a 
small shave biopsy is often all that is required to 
remove the fibrous papule with an excellent cosmetic 
result. Most fibrous papules are removed because  
they are mistaken for basal cell carcinomas or for  
relief of some underlying irritation, such as itching or 
bleeding.

Angiofibromas. Also termed fibrous papules.
Can be seen in isolation. Multiple angiofibromas
associated with tuberous sclerosis are termed 
adenoma sebaceum.

Adenoma sebaceum (multiple angio-
fibromas) over both cheeks and nasal
bridge. This is a sign of tuberous sclerosis.

High power. Fibroblasts are the main cell type
along with the blood vessels.

Low power. Well-circumscribed dermal tumor
with multiple small blood vessels can be seen
within a fibrous stroma.
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GANGLION CYST

Ganglion cysts are commonly encountered in the 
general population. They are fluid-filled cavities that 
occur most commonly on the dorsal aspect of the 
hands. They are believed to be derived from the syno-
vial lining of various tendons. They typically manifest 
as asymptomatic, soft, rubbery nodules below the skin.

Clinical Findings: Ganglion cysts are common 
benign growths that occur on the distal upper extremity 
in most cases; they are almost always located on the 
dorsal aspect of the hand or wrist. Ganglion cysts are 
almost always solitary, but some patients present with 
more than one, and occasionally the individual ganglion 
cysts coalesce into one large area. Most are relatively 
small, 1â•¯cm in diameter, but some can get very large 
(2-3â•¯cm). The overlying epidermis is normal, and the 
cyst is located in the subcutaneous space below the 
adipose tissue. They are smooth, dome-shaped, fluid-
filled cysts that are slightly compressible. The cyst is a 
direct extension of the synovial lining of the tendon. 
The cysts form by various mechanisms and fill with 
synovial fluid. This fluid is critical in the normal lubri-
cation of the tendon space to decrease friction and allow 
the tendon to easily slide back and forth within its 
synovial covering. These cysts can occur at any age, but 
they are much more common in the younger popula-
tion and often manifest in the third or fourth decade of 
life. Women are much more likely than men to develop 
these cysts.

Most cysts are asymptomatic, but they can cause dis-
comfort and pain if they become large enough to press 
on underlying structures. Rarely, the cyst compresses 
an underlying nerve, resulting in symptoms of numb-
ness or muscle weakness. The differential diagnosis is 
limited, and most often the diagnosis is made clinically. 
Occasionally, a biopsy is required to differentiate gan-
glion cysts from giant cell tumors of the tendon sheath. 
Giant cell tumors of the tendon sheath are much more 
likely to be firm in nature. Ganglion cysts have no 
malignant degeneration potential. In difficult cases, an 
ultrasound examination can be performed; it is highly 
sensitive in detecting these fluid-filled cysts.

Pathogenesis: Ganglion cysts are believed to be 
caused by an outgrowth of the underlying synovial 
lining of the tendon sheath. Trauma is likely the leading 
culprit in initiating the formation of these cysts. Patients 
with osteoarthritis are also at increased risk for develop-
ment of ganglion cysts, most likely because of the 
mechanical trauma that the synovial lining repetitively 
undergoes when it rubs against osteoarthritic bone.

Histology: Ganglion cysts are not true cysts in that 
they do not have a well-formed epithelial lining that 
surrounds the entire cystic cavity. The lining is a loose 

Firm, rubbery, sometimes 
lobulated swelling over carpus, 
most prominent on flexion of 
wrist. Broken line indicates 
line of skin incision. 

Excision of ganglion via 
transverse incision. Excision
is one of the therapies with
the lowest recurrence rate.
The surgeon must expose
the entire cyst and remove
the entire lining to limit
recurrence.

Intralesional steroid
injections have been
used with success.

Loss of strength can be
diagnosed on physical
exam. Muscle weakness
may occur from pressure
on an underlying nerve
by the cyst.

Ganglion cyst. No epidermis is
appreciated. The ganglion cyst does
not have a true epithelial lining; rather,
it is surrounded by a loose collection
of collagen and fibrous material. The
cyst contains mucopolysaccharides.

Extensor tendon retracted

Carpal ligaments 
and capsule

collection of fibrous connective tissue composed mostly 
of collagen. The cyst lining is multilobulated in most 
cases and typically has no connection to the underlying 
joint capsule or tendon sheath. The contents of the cyst 
are made of mucopolysaccharides.

Treatment: No therapy is required for small, asymp-
tomatic ganglion cysts. If a patient desires removal or 
if the cyst is causing symptoms, especially weakness and 
numbness, therapy is needed. Needle aspiration is often 

used as a first-line treatment option; a pressure bandage 
is applied to try to keep the cyst from reexpanding. 
After the aspiration, intralesional injection of triam-
cinolone is used to try to scar the lining of the cyst. This 
has shown excellent results. If aspiration and injection 
are not successful, surgical excision is necessary. It is 
important to have a hand surgeon evaluate and treat 
these cysts because of their proximity to multiple vital 
nerve and tendon structures.
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GLOMUS TUMOR 
AND GLOMANGIOMA

Glomus tumors are benign tumors derived from the 
glomus body. The glomus body is a component of the 
vascular thermoregulatory unit. These tumors are most 
frequently encountered in early adulthood and are most 
commonly found on the digits. Glomus tumors are 
solitary in nature, and the term glomangioma is used 
when describing the glomuvenous malformation. This 
usually manifests as a congenital defect in infants and 
young children and appears to be a multifocal grouping 
or mass of coalescent glomus tumors.

Clinical Findings: The solitary glomus tumor is 
often found on the digit in a subungual location. The 
tumors occur equally in men and in women. Lesions 
have been described in all regions of the skin and also 
in extracutaneous locations. These tumors are small, 
well localized, and almost always tender or painful. The 
glomus tumor is in the differential diagnosis of the 
painful dermal nodules. On examination, one often 
observes a 1- to 2-cm, well-circumscribed, blue to 
purple dermal nodule. It is tender to palpation and can 
be extremely painful with changes in the ambient 
temperature.

Glomangiomas are frequently congenital and mani-
fest as a multifocal cluster of coalescing, blue-purple 
nodules and papules. There is occasionally some surface 
change over the top of the tumors. The Hildreth sign 
is a diagnostic maneuver that can be used to help make 
the diagnosis. The sign is positive if the pain from the 
glomus tumor decreases or disappears when a blood 
pressure cuff is placed proximal to the tumor and 
inflated to a pressure greater than the patient’s  
systolic blood pressure. Glomangiomas can be confused  
with hemangiomas or other vascular malformations. 
The differential diagnosis of a solitary glomus tumor 
includes angiolipoma, neuroma, eccrine spiradenoma, 
leiomyoma, and vascular tumors. The differential diag-
nosis of a glomangioma includes hemangiomas and 
other vascular malformations.

Histology: The tumor manifests as a well-
circumscribed nodule of glomus cells surrounding a 
number of small capillaries. The glomus cells are dis-
tinctive and uniform. They appear round and have 
round nuclei. The cytoplasm is scarce and eosinophilic. 
The background stroma is myxoid, and there is often a 
fibrous capsule surrounding the entire tumor.

Pathogenesis: Glomus tumors arise from the Sucquet-
Hoyer canal. This canal is an arteriovenous shunt found 
in the small vasculature of the skin. These canals have 
been found in a higher density within the blood vessels 
of the digits. They are responsible for thermoregulation 
and cause shunting of blood in response to neurological 
and temperature changes. The exact initiating factor is 
unknown. Anecdotal reports of glomus tumors occur-
ring after trauma have led some to believe that trauma 
is causative. This may explain the preponderance of the 

tumors on the digits, where they are prone to trauma. 
Trauma is unlikely to be the true initiating factor, 
because these tumors are quite rare and trauma to the 
digits occurs frequently.

Some glomangiomas have been described to be 
inherited in an autosomal dominant fashion. These 
cases are caused by a deletion defect in the glomulin 
(GLMN) gene, which is located on the short arm 
of chromosome 1. The exact function of the protein 

encoded by this gene or how its defect causes gloman-
giomas is still not understood.

Treatment: Glomus tumors are successfully treated 
with complete surgical excision. Glomangiomas, 
because of their size, can be excised in a staged approach 
or with the help of tissue expanders. Reports of treat-
ment with laser ablation, electrocauterization, and 
sclerotherapy, with some success, have been docu-
mented in the literature.

 Glomus tumor of the nail bed

Glomangiomas
(tender, deep purple, 
blue papules)

Glomus tumor, low power. This well-circumscribed
tumor lobule is located within the dermis.
Vascular channels are seen within the tumor.

Glomus tumor, high power. The uniform-
appearing glomus cells are seen surrounding the
vascular structure. The glomus cells are
eosinophilic in nature with uniformly basophilic
nuclei.



28� THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 2-15� Integumentary System

an apocrine origin that have a columnar configuration. 
Apocrine secretion (decapitation secretion) is often 
noted in various sections of the tumor. There is also a 
thin layer of myoepithelial cells. Within the papillary 
projections is a background stroma composed of many 
vascular spaces and lymphocytes.

Syringocystadenoma papilliferum has almost identi-
cal central characteristics. Compared with the hidrad-
enoma papilliferum, it has a more dense plasma cell 

HIDRADENOMA PAPILLIFERUM

Hidradenoma papilliferum is a rare benign tumor of the 
genital and perianal regions. It is most commonly 
located on the vulva, although extragenital locations 
have been described. It has a predilection for women in 
the fourth and fifth decades of life. Typically, these are 
small tumors a few millimeters in diameter, but some 
large tumors have been described. There is no connec-
tion to the overlying epidermis or mucosa.

Clinical Findings: Hidradenoma papilliferum is an 
extremely rare benign tumor located in the dermis. It 
seen almost exclusively in middle-aged women. The 
lesions are almost always located in the genital region. 
They typically manifest as asymptomatic nodules that 
are discovered incidentally. There are usually no over-
lying epidermal changes, and the tumor is well circum-
scribed, freely movable, and firm in consistency. They 
do not have a connection with the overlying epithelium. 
In rare instances, they can be tender or pruritic and can 
bleed or ulcerate. Most of these tumors are found on 
routine gynecological examination. The most common 
location is the labia majora. The differential diagnosis 
of a solitary, firm dermal nodule in the genital region 
is very broad, and a biopsy for histopathological exami-
nation is required in all cases to make the diagnosis. It 
is essential for dermatologists and gynecologists to be 
aware of this tumor and the common locations in which 
it is found.

Pathogenesis: Hidradenoma papilliferum is a tumor 
that is believed to be derived from apocrine tissue. For 
this reason, it is considered to be a type of apocrine 
adenoma. Apocrine glands are found in higher density 
in the anogenital region, and that may be one reason 
for the unequal cutaneous distribution of this tumor. 
The tumor is benign and is closely related to another 
benign adnexal tumor, the syringocystadenoma papil-
liferum. The latter tumor is more common on the head 
and neck, with a predilection for the scalp. Histologi-
cally, these two tumors are almost identical, with the 
major differentiating factor being that the syringocyst-
adenoma papilliferum has a connection to the overlying 
epidermis. Clinically, the syringocystadenoma papil-
liferum usually manifest as an ulcerated papule or 
plaque. Both of these tumors can develop within a nevus 
sebaceus.

Histology: Hidradenoma papilliferum is a well-
circumscribed dermal tumor. It almost never has any 
overlying epithelial abnormalities. The syringocystad-
enoma papilliferum, on other hand, has a connection 
with the overlying epidermis. They both commonly 
arise in conjunction with a nevus sebaceus. On closer 
inspection, the hidradenoma papilliferum is composed 
of vascular papillary projections into the center of the 
tumor lobule. These projections are lined by cells with 

infiltrate and has an attachment to the overlying epi-
dermis, which usually manifests as an invagination of 
the epidermis into the tumor lobule.

Treatment: A complete excision is diagnostic and 
curative at the same time. Often, a biopsy is performed 
to ascertain the diagnosis, followed by the curative 
complete excision. These are rare and benign tumors. 
There have been reports of malignant degeneration, 
but this is exceedingly rare.

Hidradenoma papilliferum is most frequently
located on the external genitalia of women.

High power. Close-up of the papillary projections.  
The projections are lined by cells with an apocrine
origin. Apocrine secretion (decapitation secretion) is
often noted in various sections of the tumor.

Low power. Symmetrically arranged dermal
tumor, with multiple papillary projections.

Syringocystadenoma papilliferum arising within
a nevus sebaceous. Transformation of a nevus
sebaceous into various tumors, including syringo-
cystadenoma papilliferum and basal cell carcinoma,
occurs most frequently after puberty.
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Histology: A lone cystic space is seen within the 
dermis. The cyst is well circumscribed, and the lining 
of the cyst contains two layers of cells. The cells are 
cuboidal and have an eosinophilic cytoplasm. The cell 
wall has no myoepithelial cell component. The cysts 
are found near eccrine gland structures. There is 
minimal to no inflammatory infiltrate surrounding  
the cyst. The central cavity of the cyst contains an 
small amount of lightly eosinophilic material that is 

HIDROCYSTOMA

Hidrocystomas, also known as eccrine hidrocystomas, 
are common benign skin tumors that are most fre-
quently found along the eyelid margin. These benign 
tumors have a typical appearance and no malignant 
potential. Most often, they manifest as solitary, asymp-
tomatic papules.

Clinical Findings: Eccrine hidrocystomas manifest 
as solitary, translucent, pale, clear to blue or light purple 
papules. They have a smooth surface and a dome shape. 
Eccrine hidrocystomas are soft; they feel as if pressure 
could easily rupture their cystic wall. Puncturing of the 
cyst wall with a 30-gauge needle causes drainage of a 
thin, watery fluid. These tumors are almost always 
asymptomatic. They can occur at any age but are far 
more common after the fourth decade of life. No dif-
ference in incidence has been observed based on race 
or gender. Lesions are typically small, 5â•¯mm to 1â•¯cm in 
diameter, and can fluctuate in size. It is not uncommon 
for a patient to relate that the tumor enlarges during 
physical exercise, only to shrink after a few days. If 
ruptured, these tumors drain a thin, watery liquid, and 
the cystic cavity deflates. Although they are almost 
always solitary, there are reports of hundreds of these 
tumors developing in some patients. Large eccrine 
hidrocystomas occurring in atypical locations have also 
been described.

The main differential diagnosis is between eccrine 
hidrocystoma and basal cell carcinoma. Cystic basal cell 
carcinomas can have an identical appearance; however, 
the patient history will be quite different. Basal cell 
carcinomas typically enlarge over time and ulcerate, 
causing bleeding of the ulcerated papule. Hidrocysto-
mas rarely, if ever, ulcerate or bleed. If left alone, they 
only transiently increase in size and never get much 
larger than 1â•¯cm in diameter, and usually they are  
much smaller. A biopsy for pathological evaluation is 
diagnostic.

Pathogenesis: Hidrocystomas develop from the 
eccrine apparatus. It is believed that a portion of the 
eccrine duct within the dermis becomes occluded. This 
occlusion causes a buildup of eccrine secretions proxi-
mal to the blockage. Once enough fluid collects, a 
translucent papule becomes evident on the surface  
of the skin. No genetic abnormalities of the involved 
eccrine duct have been discovered, and this cystic  
formation is most likely caused by damage from super-
ficial trauma to the skin and the underlying eccrine 
ducts. Sun damage to the eccrine ducts has been theo-
rized to play a role, although this theory has yet to be 
vigorously tested.

consistent with eccrine gland secretions. There is no 
evidence for sebaceous gland or apocrine gland secre-
tion or derivation.

Treatment: Most eccrine hidrocystomas are biopsied 
to make sure they are not actually basal cell carcinomas. 
They rarely recur after biopsy. If they do recur, no 
treatment is required. Surgical excision is the definitive 
treatment and is curative. Hidrocystomas almost never 
recur after excision.

Low power. A well-circumscribed cystic lining is seen in the
dermis. Minimal surrounding inflammation is present.

High power. The lining is made up of two cell layers of
cuboidal epithelium. There is a small amount of dermis
between the cyst and the overlying epidermis.

Chalazion; lid everted.
Tender nodule of the
eyelid.

Hidrocystomas of the eyelid may appear similar
to a chalazion or a basal cell carcinoma. They
may appear translucent and easily rupture. They
are almost always asymptomatic.
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Hypertrophic scars do not extend
beyond the border of the original
injury.

Hypertrophic scars Keloids

One of the most common locations
for a keloid is the earlobe, and it can
occur after ear piercing.

Hypertrophic scar, high power. Numerous fibro-
blasts with an increased number of vascular
channels. The collagen bundles are arranged
in the same direction.

Keloid, high power. Thickened eosinophilic
collagen bundles

Keloid, low power. Haphazardly arranged
collagen bundles. Thick eosinophilic bundles of
collagen with surrounding fibroblasts

Hypertrophic scar, low power. Non-elevated
scar made of numerous collagen bundles,
fibroblasts, and blood vessels

KELOID AND 
HYPERTROPHIC SCAR

Keloids are common benign skin tumors that consist of 
excessive scar tissue that forms after trauma or inflam-
matory skin conditions such as acne vulgaris. The 
keloid proliferates uncontrolled and expands beyond 
the borders of the underlying scar produced by the 
traumatic event. Hypertrophic scars, on the other hand, 
are exuberant scar formation that stays within the con-
fines of the original scar border.

Clinical Findings: Keloids are often large over-
growths of scar tissue that expand over the original 
border of the underlying scar and affect previously 
normal-appearing skin. They may occur anywhere on 
the body but are more common on the earlobe, chest, 
and upper arms. They can affect any age group and 
affect males and females equally. Dark-skinned indi-
viduals have a higher incidence of keloid-type scarring. 
Almost all keloids manifest after a preceding traumatic 
event such as a cut, ear piercing, burn, or surgical exci-
sion. Many other causes have been found to initiate the 
formation of keloids, including acne lesions and bug 
bites. Keloids often start as small, red, itchy papules 
that quickly enlarge into plaques and nodules. They 
usually have a smooth surface with firm consistency. 
Itching is a frequent complaint and often precedes the 
growth stage. Keloids are diagnosed clinically in a 
patient with the appropriate history. The differential 
diagnosis of early keloids includes hypertrophic scars. 
Difficulty sometimes arises when a patient presents 
with a firm, enlarging plaque or nodule but no preced-
ing history of trauma. In these cases, a biopsy is 
prudent to rule out a dermatofibrosarcoma protuber-
ans. The histopathological findings easily differentiate 
the two lesions.

Hypertrophic scars occur after trauma and are con-
fined to the area of the original trauma or scar. Hyper-
trophic scars, unlike keloids, do not grow into the 
adjacent normal skin. They can be quite large and often 
are pink to red in color and pruritic. Hypertrophic scars 
tend not to reach the size or extent of keloids, and for 
that reason they are a bit easier to manage therapeuti-
cally. Hypertrophic scars are diagnosed clinically in a 
patient with a typical history of preceding trauma and 
the characteristic clinical findings.

Pathogenesis: Keloids appear to be more common in 
dark-skinned individuals during the first 3 decades of 
life. Keloids may have a genetic pathogenesis that has 
yet to be discovered. Certain areas of the body are more 
prone to keloid formation, including the chest and ear-
lobes, and there may be some local skin cytokine profile 
that allows for their formation. Biological studies have 
looked at various cytokines, and transforming growth 
factor-β (TGF-β) has been found in elevated levels in 
keloids. TGF-β causes recruitment of fibroblasts into 
the region and induces them to produce more collagen. 
Local blockade of this cytokine may be developed as a 
therapy in the future.

Histology: Keloids show an increase in collagen pro-
duction, and the collagen is arranged in a disorganized 
fashion. The overlying epidermis is typically thin due 
to the mass effect of the keloid tumor pressing on the 
undersurface of the epidermis, which causes attenuation 
of the surface epithelium. Mucopolysaccharides are 
found between the collagen fibers.

Hypertrophic scars are smaller and not exophytic in 
nature, and the collagen bundles are arranged parallel 
to the epidermis. There may be an increase in mast cells 
in both hypertrophic scars and keloids.

Treatment: Hypertrophic scars do not need to be 
treated, because most will eventually flatten and blend 
with the surrounding skin. Intralesional triamcinolone 
may be used to help speed the process along, but care 
should be taken not to inject too much and thereby  
cause atrophy. Daily massage by the patient has also been 
shown to be effective in decreasing the outward appear-
ance of the scar. The redness of both hypertrophic and 
keloid scars can be treated successfully with pulsed dye 
laser.

Keloids are more challenging to treat. They have a 
high rate of recurrence after excisional removal, and for 
this reason adjunctive therapy should always be used after 
excision. Serial injections with intralesional triamcino-
lone monthly for 4 to 6 months may help avoid a recur-
rence after surgery. Postoperative radiation therapy has 
also been very successful in decreasing the recurrence 
rate. There are anecdotal reports of treatment with 
imiquimod and cryotherapy, but they are of questionable 
value.
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LEIOMYOMA

Cutaneous leiomyomas are uncommon benign tumors 
of the arrector pili muscle of the skin. They can occur 
as a solitary tumor or as multiple lesions. Both types 
can be associated with underlying genetic defects. This 
occurs more commonly in multiple cutaneous leiomyo-
matosis, and one needs to look for systemic findings in 
affected patients. Other muscle sources of cutaneous 
leiomyoma formation include the smooth muscle of 
blood vessel walls and the dartos muscle. These rare 
forms of cutaneous leiomyomas are named angioleio-
myomas and solitary genital leiomyomas, respectively.

Clinical Findings: Leiomyomas manifest as dermal 
papules or nodules with a slight hyperpigmentation of 
the overlying epidermis. They can also have a reddish 
or brownish hue. The tumors are 1 to 2â•¯cm in diameter. 
They occur equally in males and females and affect all 
races. They may occur anywhere on the skin, but the 
anterior chest and the genital region are two of the 
more common areas of involvement. They typically are 
tender, and they can be painful. Most leiomyomas 
become more painful and more sensitive over time. 
Cold temperatures have been shown to exacerbate the 
pain. The leiomyomas exhibit the pseudo-Darier’s sign. 
This sign is elicited by rubbing the leiomyoma; on 
manipulation, the lesion begins to twitch or fasciculate. 
It does not form an urticarial plaque as would be seen 
with a true Darier’s sign (e.g., in cutaneous mastocyto-
sis). Malignant transformation is exceedingly rare.

Multiple cutaneous leiomyomas occur most com-
monly on the trunk and proximal extremities. They are 
the same size as their solitary counterparts, but they can 
become so numerous that they appear to coalesce into 
large plaques. In most patients, onset occurs in the third 
to fifth decades of life. There is a definite autosomal 
dominant inheritance pattern to multiple cutaneous 
leiomyomas. These patients have a genetic defect in the 
FH gene (also called MCUL1), which encodes the Krebs 
cycle protein fumarate hydratase. The fumarate hydra-
tase protein has been found to have tumor suppressor 
functions. Many different types of mutations have been 
described, ranging from frameshift mutations to dele-
tion of entire genes. This most likely explains the variety 
of phenotypes seen. The most concerning and life-
threatening aspect of this mutation is the possibility of 
developing an aggressive and deadly form of papillary 
renal cell carcinoma. This tumor in patients with mul-
tiple cutaneous leiomyomas tends to be highly aggres-
sive and metastasizes early. Early screening of the patient 
and genetic screening of family members may help 
decrease the risk of metastatic renal carcinoma. Patients 
should be evaluated routinely for kidney disease.

The term Reed syndrome is used to denote women 
with cutaneous leiomyomas and uterine leiomyomas.

Pathogenesis: Solitary leiomyomas not associated 
with the fumarate hydratase protein defect are believed 
to be caused by an abnormal proliferation of myocytes. 
The cause for this proliferation is unknown. Fumarate 
hydratase mutations result in a lack of tumor suppressor 
function. The role of this tumor suppressor protein in 
the production of multiple leiomyomas has yet to be 
determined.

Histology: The tumor is located within the dermis 
and is composed of interconnected fascicles of spindle-
shaped cells. The cells are arranged in a whorl-like 
pattern. The cells are uniform and bland appearing. 
Mitosis should be absent. The cells have been described 
as cigar shaped, meaning that they have a long, plump 
central region with blunt tip ends. The cell of origin is 

the myocyte. Immunohistochemical staining can be 
used to help differentiate difficult tumors. Leiomyomas 
stain with muscle markers such as smooth muscle actin. 
The overlying epidermis is usually normal.

Treatment: Surgical excision of the solitary form 
of leiomyoma is curative. Multiple cutaneous leiomyo-
matosis can be treated with a number of medications  
to help control the discomfort and pain. Use of α1-
adrenergic receptor blockers has been reported most 

frequently. Doxazosin and phenoxybenzamine have 
both been successful. Calcium channel blockers such as 
nifedipine have also been successful anecdotally. Gaba-
pentin and botulinum toxin have been reported to help. 
Surgical excision is warranted for any lesion that is 
painful and not responding to therapy. Patients with 
multiple cutaneous leiomyomas should be evaluated for 
the genetic defect in the fumarate hydratase protein and 
should have appropriate screening for kidney disease.
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LICHENOID KERATOSIS

Lichenoid keratoses are common benign skin growths 
also known as lichen planus–like keratoses. These are 
most often solitary, benign skin tumors and may be 
found anywhere on human skin. They are more 
common during adulthood. The keratosis may be mis-
diagnosed as a non-melanoma skin cancer, most com-
monly a superficial basal cell carcinoma.

Clinical Findings: Lichenoid keratoses are most fre-
quently found on the upper trunk and upper extremi-
ties. The incidence is equal in males and females, and 
there is no race predilection. They are rare in child-
hood. They typically manifest as pruritic, red to slightly 
purple patches and thin plaques. Occasionally, a patient 
notices that the area arises in a preexisting seborrheic 
keratosis or solar lentigo. Most lichenoid keratoses are 
1â•¯cm or smaller in their largest diameter. Most patients 
present to their physician with a chief complaint of 
tenderness, itching, or bleeding secondary to scratching 
or rubbing of the lesion. The lesions may have a strik-
ing resemblance to the rash of lichen planus; the dif-
ferentiating factor is that a lichenoid keratosis is solitary, 
whereas lichen planus includes a multitude of similar 
skin lesions. These skin growths have no malignant 
potential. It can be difficult to differentiate lichenoid 
keratoses from inflamed seborrheic keratoses, basal cell 
carcinomas, actinic keratoses, or squamous cell carcino-
mas. Therefore, a biopsy of the lesion is prudent to 
discern a pathological diagnosis.

There are a few unusual clinical variants, including 
an atrophic form and a bullous type of lichenoid kera-
tosis. The differential diagnosis of these two variants 
includes conditions such as lichen sclerosis for the 
former and autoimmune blistering diseases for the 
latter. The dermatoscope has become an indispensable 
tool and can be helpful in diagnosing lichenoid kerato-
sis. Lichenoid keratoses have been shown to have a 
localized or diffuse granular-type pattern under derma-
toscopic viewing. This finding should help differentiate 
these tumors from melanocytic tumors.

Histology: On histological examination, a lichenoid 
keratosis has a symmetric, well-circumscribed area of 
intense lichenoid inflammation along the basement 
membrane region. There is disruption of the basilar 
keratinocytes. This leads to the appearance of a number 
of necrotic keratinocytes, also called Civatte bodies. 
Civatte bodies are seen in almost all cases of lichenoid 
keratosis and also in lichen planus. There is pronounced 
sawtooth hypergranulosis and pronounced acanthosis. 
There is no atypia of the involved keratinocytes, thus 
ruling out an inflamed actinic keratosis. The underlying 
inflammatory infiltrate is made up almost entirely of 
lymphocytes. However, it is not uncommon to find a 
rare eosinophil or plasma cell anywhere throughout  
the infiltrate. The pathological differential diagnosis 
includes lichen planus. The clinical history is very 
important: Whereas a lichenoid keratosis is a solitary 
lesion, the same findings in a biopsy specimen taken 
from a widespread rash of purple, flat-topped papules 
would be more consistent with the diagnosis of lichen 
planus. This example illustrates the importance of 
including the clinical history on a pathology report.

Pathogenesis: The exact etiology of a lichenoid kera-
tosis is unknown. It is believed to be caused by an 
inflammatory response to a lentigo or a thin seborrheic 

keratosis. The specific precipitating factor may be 
trauma. Chronic rubbing has been implicated in induc-
ing lichenoid keratoses from lentigines. The role of 
human papillomavirus (HPV) in causing lichenoid 
keratoses has been studied, but no firm conclusions 
have been made.

Treatment: Most biopsies of a lichenoid keratosis 
result in complete resolution of the lesion. Even if the 

entire lesion was not removed with the biopsy speci-
men, no treatment is necessary. Use of a topical corÂ�
ticosteroid cream or ointment twice daily for 1 to  
2 weeks after healing of the biopsy site is likely to lead 
to complete resolution of the lichenoid keratosis. Other 
treatment options include light cryotherapy or a light 
curettage after anesthesia. Benign lichenoid keratoses 
rarely if ever recur.

Lichenoid
keratosis

Lichenoid keratosis. A solitary growth in
comparison to the widespread nature of
lichen planus. Histology can be identical.

Lichen planus. Widespread pruritic purpilsh
papules and plaques, some with Wickham striae.

A lichenoid lymphocytic infiltrate is seen along the dermal-epidemal junction. Disruption of the dermal-
epidermal junction is prominent. Necrotic keratinocytes are seen in the epidermis.
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have a fibrous capsule enclosing the adipose lobules. 
Angiolipomas are described as those fatty tumors in 
which 10% to 50% of the mass is composed of blood 
vessels. The various rare lipomatosis variants are identi-
cal in appearance histologically to a common lipoma.

Treatment: No therapy is required for these benign 
skin tumors. Solitary lipomas can be treated with a 
simple excision or with liposuction. Subfrontalis 
lipomas are more difficult to remove, because the 

LIPOMA

Lipomas are common benign skin growths that can be 
seen as solitary lesions and frequently as multiple 
dermal nodules scattered about the skin. The lipoma  
is an overgrowth of the fibrofatty adipose tissue in  
the subcutaneous tissue plane. Patients with multiple 
lipomas often describe a familial inheritance pattern.

Clinical Findings: Lipomas are often small (1-2â•¯cm), 
soft, subcutaneous nodules that are slow growing and 
freely moveable underneath the skin. Some lipomas 
become quite large (>5â•¯cm in diameter), and they can 
be a cause for concern due to interference with move-
ment and the possibility of malignant degeneration  
into a liposarcoma. There are no overlying epidermal 
changes, and there is no connection to the epidermis. 
Most often they are asymptomatic, but they can become 
painful if traumatized. 

In stark contrast, a rare variant called the angioli-
poma is almost always tender and multiple in nature. 
Angiolipomas contain a much higher percentage of 
blood vessels throughout the lobule of adipose tissue, 
and the diagnosis is made based on this histopathologi-
cal finding. These tumors are benign and have no famil-
ial inheritance pattern.

The differential diagnosis of a lipoma is broad and 
can include other dermal tumors; however, the clinical 
examination findings are often diagnostic. Occasionally, 
a small lipoma can be confused with an epidermal inclu-
sion cyst, pilar cyst, lymph node, or adnexal tumor. 
Large, freely movable, rubbery nodules that are slow 
growing are easily diagnosed clinically as lipomas.

Lipomas occur most commonly on the trunk and 
extremities. They most often affect women in their 
third through fifth decades of life but can affect people 
of any age and sex. There is no race predilection. They 
rarely affect the face, except for the subfrontalis lipoma, 
which occurs underneath the frontalis muscle on the 
forehead.

Rare syndromes of adipose tissue have been described, 
including benign symmetric lipomatosis, adiposis dolo-
rosa (Dercum’s disease), and familial multiple lipomato-
sis. The best described of these syndromes is benign 
symmetric lipomatosis, also known as Madelung’s 
disease. In this condition, there is massive proliferation 
of adipose tissue on the neck and upper arms of men. 
The patients take on the appearance of a body builder.

Pathogenesis: The exact cause is unknown. Lipomas 
are believed to be an overgrowth of normal tissue in a 
normal location. The tumor lobules are indistinguish-
able from normal adipose tissue. A genetic pattern of 
inheritance has been described, but no specific gene 
defect has been located.

Histology: Lipomas are composed of mature adipose 
tissue. The lobules are separated by fibrous septa that 
contain the blood supply for the adipose cells. Lipomas 

surgeon must dissect below the frontalis muscle to 
locate the lipoma. Small lipomas have been treated with 
intralesional steroid injection to take advantage of the 
steroid’s atrophogenic effects. Injections with deoxy-
cholate have also been effective. Large, fast-growing 
lipomas should be removed to rule out malignant trans-
formation into a liposarcoma. Compared with lipomas, 
liposarcomas are typically faster growing, firmer, and 
tender in nature.

Massive
lipoma of
axilla

Lipoma. Soft, rubbery, freely
moveable dermal nodule

Sectioned lipoma composed
of yellow fat lobules with narrow
intervening fibrous septa

Liposarcoma. Excised tumor with
muscle at margin; tumor darker
and firmer than benign lipoma

Large liposarcoma
of posterior thigh

Liposarcoma. CT scan
reveals mixture of benign
(low-density) and sar-
comatous (high-density)
areas of tumor.

High power. Mature adipocytes are the main
component of the tumor.

Low power. Adipocytes with varying amounts
of fibrous tissue and blood vessels
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Histology: The cysts are lined with a pseudostratified 
or stratified columnar epithelium. The epithelium can 
closely approximate the appearance of transitional ure-
thral cell epithelium. The lining surrounds a central 
cavity filled with serous fluid. Large mucinous cells  
are scattered throughout the columnar epithelium. The 
luminal cells have been shown to stain with cytokeratin 7, 
cytokeratin 13, epithelial membrane antigen (EMA), and 
carcinoembryonic antigen (CEA). Histologically, these 

MEDIAN RAPHE CYST

Median raphe cysts are uncommon benign cysts that 
form in the midline region of the perineum. They most 
commonly occur on the ventral shaft of the penis but 
can occur anywhere from the urethral opening along 
the ventral surface of the penis, in the midline across 
the scrotum, and to the anus. This cyst is considered  
to be formed from a congenital abnormality of the 
genitalia. An abnormal folding of the urethral folds is 
believed to be the cause of these developmental cysts.

Clinical Findings: Most median raphe cysts are 
found in young boys on the ventral surface of the penis 
and midline scrotum. They have no race predilection. 
They are present at birth but may go unnoticed for 
some time, even into adulthood. They appear as small 
(0.5-1â•¯cm), solitary, soft, translucent cystic nodules. 
They are almost always asymptomatic. On occasion, 
they can rupture and drain serous fluid. The cyst rarely 
connects to the underlying urethra or other structures. 
The clinical differential diagnosis can be very broad, 
and the only way to make a definitive diagnosis is to 
perform a biopsy or complete excision.

Pathogenesis: These cysts are believed to be 
caused by an abnormal folding or fusing of the paired 
urogenital/urethral folds during embryological devel-
opment. These folds normally combine and fuse to 
form the external genitalia at about the eighth to tenth 
weeks of gestation. In the male the folds form the  
shaft of the penis, and in females they form the labia 
minora. Hypospadias is another congenital abnormality 
caused by improper folding of these embryological 
tissues. The cause of the abnormal folding has yet to be 
determined.
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cysts have a very characteristic appearance. The main 
pathological differential diagnosis is between the median 
raphe cyst and an apocrine cystadenoma. Immunohisto-
chemical staining can be used to differentiate the two.

Treatment: Simple surgical excision is all that is 
required for cure. They will not recur, because they  
are developmental cysts. Care should be taken not to 
damage underlying structures, and often a urological 
surgeon performs the procedure.
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occur anywhere, including the mucous membranes. 
They are frequently biopsied because of their unusual 
coloration. They are small and usually can be removed 
easily with a punch biopsy that is 1â•¯mm larger than the 
lesion. Patients often give a history of having been 
stabbed with a pencil during childhood and believe  
that the lesion is a graphite tattoo. This occasionally  

MELANOCYTIC NEVI

There are numerous types of melanocytic nevi, includ-
ing the benign congenital melanocytic nevi, the blue 
nevi, and the common acquired melanocytic nevi. Atyp-
ical and dysplastic nevi are discussed with melanoma in 
the section on malignant growths. Evaluation of mela-
nocytic nevi is one of the dermatologist’s most common 
and important tasks. Every patient who enters a derma-
tologist’s office should be offered the opportunity to 
have a full-body skin examination, specifically evaluat-
ing melanocytic nevi for any signs of malignant trans-
formation and or de novo melanoma production. The 
importance of evaluating melanocytic nevi is to screen 
for melanoma. Melanoma is a life-threatening skin 
cancer that, if discovered early, can be cured. Different 
types of melanocytic nevi have varying rates of malig-
nant transformation, and it is critical for the clinician 
to be aware of those nevi that are likely to be encoun-
tered on a daily basis.

Clinical Findings: Melanocytic nevi can be classified 
both clinically and histopathologically. The common 
acquired melanocytic nevus is a clinical diagnosis, and 
if the lesion is biopsied, it may show some evidence of 
atypia or dysplasia of melanocytes. It is for this reason 
that a universally accepted classification of melanocytic 
nevi has yet to be adopted.

Benign melanocytic nevi are extremely common. 
Virtually all humans have some form of these growths 
on their body. Common acquired melanocytic nevi are 
universally found and can have varying morphologies. 
They affect males and females equally. They are uncom-
mon at birth but increase in number over the first 4 
decades of life, after which the number typically stabi-
lizes. As one ages, the nevi tend to slowly involute. 
They can be macular or papular in appearance. Most 
are uniform and symmetric in size and color. They can 
be flesh colored or slightly brown in coloration. They 
tend to grow proportionally as a child grows or as an 
adult gains weight. They also can become slightly larger 
and darker during pregnancy.

There is a risk for malignant degeneration into mela-
noma, and changes in color, size, symmetry, or border 
should be assessed. Nevi that become symptomatic, 
especially pruritic, and nevi that spontaneously bleed 
should be evaluated and biopsied appropriately.

Blue nevi are unique benign melanocytic tumors that 
have a characteristic clinical and histological pattern. 
These nevi tend to be small, to be located on the dorsal 
aspect of the hands or feet, and to have a bluish to blue-
gray coloration due to their location within the dermis. 
The blue color is believed to result from the Tyndall 
effect. This is a process by which various wavelengths 
of light are absorbed preferentially, and the reflected 
light or color that is seen depends on the material and 
depth of the substance being illuminated. Blue nevi 
share similar histological characteristics with the nevus 
of Ota, nevus of Ito, and Mongolian spots. However, 
the clinical appearance is so different that these lesions 
are not considered in the differential diagnosis of a  
blue nevus.

Blue nevi can occur at any age, and they appear 
equally often in men and in women. They typically 
manifest as small (2-5â•¯mm), oval or round macules or 
papules. They are well circumscribed with nice, distinct 
borders. They are commonly located on the dorsal 
aspect of the hands and feet but have been reported to 

Blue nevus

BLUE NEVI 

Blue nevus low power. The epidermis appears
normal. The dermis is filled with spindle-shaped
melanocytes and many melanophages.

Blue nevus high power. Elongated pigmented
melanocytes are appreciated with multiple dermal
melanophages. The melanocytes are interspersed
between the collagen bundles.

is the case, but most of these lesions are actually  
blue nevi. Malignant transformation of blue nevi is 
extremely rare.

Multiple blue nevi can be seen in the Carney complex, 
also known as the NAME or LAMB syndrome. This 
complex of clinical findings includes multiple blue  
nevi, lentigines, ephelides, myxomas, atrial myxomas, 
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testicular tumors, pituitary tumors, psammomatous 
melanotic schwannomas, and adrenal tumors. This is a 
rare syndrome that has been determined to be caused 
by a genetic defect in the gene PRKAR1A. This is a 
tumor suppressor gene that encodes a protein kinase A 
subunit.

Congenital melanocytic nevi can be divided clinically 
into distinct subtypes based on size (small, medium, and 
giant). Small congenital nevi are the most common 
type; they are defined as those nevi smaller than 2â•¯cm 
in greatest diameter. These nevi occur with equal fre-
quency in males and females and have no race predilec-
tion. Some authors estimate their prevalence at about 
1% of the population. These nevi are typically described 
as well-defined macules, papules, or plaques. They are 
hyperpigmented compared with the normal surround-
ing skin. They are almost always uniform in color and 
symmetric. Over time, some 50% develop terminal hair 
growth within the nevi. The risk of malignant transÂ�
formation in these small congenital nevi is low and 
approaches that of the common acquired melanocytic 
nevi. Melanoma can arise in these nevi at any point in 
the patient’s life but usually after puberty.

Medium-sized congenital melanocytic nevi are 
defined as those that have a diameter between 2 and 
20â•¯cm. They have the same risk of malignant transfor-
mation as small congenital nevi. They occur equally in 
males and females and can be seen in about 1% of the 
population. They can occur anywhere on the body.

Giant or large congenital melanocytic nevi, also 
known as “bathing trunk” nevi, are important clinically 
in many ways. First, they have an increased risk of 
malignant transformation. This transformation can be 
difficult to discern clinically until the lesions are quite 
large. Most melanomas develop in a dermal or subcu-
taneous location, which make them difficult to assess 
clinically. Melanomas typically occur before puberty, 
and they have been reported to occur in as many as 15% 
of giant congenital nevi. The risk of malignant trans-
formation is higher in axial nevi than in acral nevi. For 
this reason, these lesions are treated more aggressively, 
and patients with large congenital melanocytic nevi 
need lifelong, frequent routine follow-up. These nevi 
occur equally in men and women and in any racial 
group. They affect the truncal region more often than 
any other region of the body.

The significant finding of neurocutaneous melanosis 
occurs at a higher rate in patients with large congenital 
nevi of the trunk. These nevi almost always occur over 
the majority of the trunk, and they can have any number 
of satellite melanocytic nevi. Patients with large truncal 
congenital melanocytic nevi should undergo magnetic 
resonance imaging (MRI) of the nervous system to 
evaluate for neurocutaneous melanosis. Patients with 
neurocutaneous melanosis are at a high risk (almost 
50%) for development of leptomeningeal melanoma, 
which is almost always fatal. A multidisciplinary 
approach to care for these patients is required, includ-
ing the patient’s pediatrician, dermatologist, neurolo-
gist, and neurosurgeon.

Histology: In common acquired melanocytic nevi, 
the melanocytes are arranged symmetrically in a lateral 
fashion. They are arranged in nests. The nested mela-
nocytes do not have the typical dendritic appearance of 

COMMON ACQUIRED NEVI AND GIANT CONGENITAL MELANOCYTIC NEVI

Common acquired nevus

Nevus spilus Halo nevus

Atypical/dysplastic nevus with
surrounding solar lentigines

normal melanocytes found within the stratum basalis. 
They are round and uniform in shape and show increas-
ing maturation with depth in the dermis. Maturation of 
nevi cells implies a decrease in the ratio of nuclear to 
cytoplasmic volume and an overall decrease in the size 
of the melanocytes. The melanocytes are still uniform 
in size and shape at various depths within the dermis; 
they are not symmetric vertically. Many forms are seen 

histologically. Based on the location of the melanocyte 
nests, they can be classified as junctional, intraepider-
mal, dermal, or compound nevi. A junctional nevus has 
its nests arranged along the basement membrane  
zone, whereas a compound nevus has epidermal and 
dermal nests.

Blue nevi are located entirely within the dermis. 
These nevi are made of melanocytes that resemble  

MELANOCYTIC NEVI 
(Continued)
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dendrites. The dendritic processes contain melanin 
pigment, and this pigment is responsible for the color-
ation of the lesion. Collagen is interwoven between  
the dermally located melanocytes. Melanophages are 
almost always seen in and around the lesion. A grenz 
zone is sometimes appreciated above the melanocytic 
lesion. Numerous histological subtypes of blue nevi 
have been described, including the dendritic blue nevus 
(common blue nevus), amelanotic blue nevus, cellular 
blue nevus, and epithelioid blue nevus.

Small, medium, and large congenital nevi all show 
the same histological characteristics, and they cannot 
be distinguished on pathological evaluation. The major 
criteria used to separate congenital nevi from other 
types of nevi are size and location. The nests are found 
deep within the dermis and can also be found within 
the subcutaneous tissue, fascia, and underlying muscle. 
Infiltration of muscle is unusual and is more likely to 
be seen in large congenital nevi. The nests of nevus cells 
accumulate around adnexal structures and are fre-
quently seen juxtaposed to hair follicles, sebaceous 
glands, and eccrine glands. The melanocytes can pen-
etrate the arrector pili muscles. The nevus cells show 
proper maturation and are uniform in appearance.

Pathogenesis: There are many conflicting theories as 
to the pathogenesis of common acquired melanocytic 
nevi and blue nevi. Some think that there is an abnor-
mal migration of melanocytes embryologically, whereas 
others believe that stem cells are located within the 
dermis or epidermis and melanocytes migrate upward 
or downward to form the nevi. Perhaps a combination 
of these processes occurs, but no definitive pathogenic 
mechanism has been universally accepted.

Congenital melanocytic nevi are thought to be caused 
by an embryological malfunction of melanocyte migra-
tion. The precise mechanism that causes the disrupted 
or abnormal migration of melanocytes into the involved 
areas has not been determined. Migration in these cases 
is believed to be controlled by a complex but abnormal 
growth and regulatory signaling pathway.

Treatment: Common acquired melanocytic nevi do 
not need to be treated. They can be removed by various 
means for cosmetic purposes. Shave removal and punch 
biopsy removal are two highly successful techniques. 
Elliptical excision should be reserved for larger lesions 
in areas where the scar can be camouflaged. Only highly 
skilled physicians should consider removing pigmented 
lesions with laser therapy, because there is no tissue left 
for histological evaluation.

Blue nevi are easily removed by punch biopsy or 
elliptical excision. They are often removed for cosmetic 
reasons, and a small excision gives an excellent cosmetic 
result.

Removal of small and medium congenital nevi should 
be done with surgical excision. This removes the entire 
lesion and allows for pathological evaluation. Most of 
these small and medium congenital melanocytic nevi 
can be observed over time and removed if there are 
changes. Serial photographs are invaluable in monitor-
ing these nevi for changes. Some of these lesions occur 
in cosmetically sensitive areas, such as the face, and 

Giant congenital bathing trunk nevus

Medium
congenital 
nevus

Small
congenital 
nevus

CONGENITAL NEVI

Congenital nevus high power.
Melanocytes are seen adjacent
to adnexal structures. This is
one characteristic finding in
congenital nevi.

Congenital nevus low
power. Nests of melano-
cytes are seen throughout
the dermis. They extend
deep into the dermis and
subcutaneous tissue around
adnexal structures.

patients should be referred to a plastic surgeon for 
evaluation. The social and psychological well-being of 
the child can be enhanced by having a disfiguring con-
genital nevus removed.

Large congenital nevi present the biggest treatment 
difficulty because of the high rate of malignant trans-
formation. If possible, serial excisions to remove large 
nevi are the best option. Tissue expanders are often 
used to help decrease the need for skin grafting. The 

goal should be 100% removal, although in some cases 
this is not feasible. If the nevi cover 10% to 30% or 
more of body surface area, they become almost impos-
sible to remove. In these cases, as in all the others, the 
importance of lifelong surveillance needs to be taught 
to the parents, the afflicted individuals, and the partici-
pating physicians. The goal in these cases is to biopsy 
and remove any changing areas of the nevi in an effort 
to prevent metastasis if a melanoma were to develop.

MELANOCYTIC NEVI 
(Continued)
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amount of keratin debris. There is typically no sur-
rounding inflammation in a primary milium.

Pathogenesis: The cause is unknown, but the cysts 
are believed to be derived from the hair follicle, seba-
ceous gland, or eccrine gland epithelium. Secondary 
milia occur after subepidermal blistering or trauma that 
interrupts the epidermal-dermal junction.

Treatment: No therapy is required. Most milia are 
found during routine skin examinations and are brought 

MILIA

Milia are tiny (1-3â•¯mm), superficially located epidermal 
inclusion cysts. They typically have a characteristic 
porcelain-white color. One often encounters a patient 
with a solitary milium or multiple milia. These tiny skin 
growths are entirely benign and cause no harm to the 
patient.

Clinical Findings: Milia are tiny epidermal inclusion 
cysts located superficially in the epidermis. They do not 
have an appreciable overlying central punctum. They 
occur in all races, at all ages, and equally in males and 
females. Primary milia occur without an underlying 
skin disorder. Secondary milia occur because of an 
underlying skin disorder, most often a subepidermal 
blistering condition. As the subepidermal blister heals, 
it is not uncommon to see the development of milia in 
the area of the previous blister. As an example, patients 
with porphyria cutanea tarda develop subepidermal 
blisters and typically heal with scarring and milia for-
mation. Occasionally, a milium can have a somewhat 
translucent appearance and should be biopsied to rule 
out a basal cell carcinoma or an intradermal nevus.

In adults, milia most commonly occur on or around 
the eyelids. Up to half of all newborns have milia. These 
are typically located on the head and are termed more 
specifically congenital milia. They almost always resolve 
on their own without therapy, and therapy should be 
withheld to provide time for spontaneous resolution. 
Unique forms of milia eruptions have been described 
in the literature, including eruptive multiple milia, 
grouped milia, and generalized milia. Eruptive milia 
manifest over a period of weeks, with the appearance of 
10 to 100 milia. This has been described in teenagers 
and adults. Grouped milia and milia en plaque are rare; 
these terms are used, respectively, to describe a nodular 
grouping and a plaque-like grouping of milia.

Certain genetic syndromes show an association with 
milia, the best recognized one being Bazek’s syndrome. 
This syndrome is defined as a constellation of milia, 
basal cell carcinomas, hypotrichosis, and follicular atro-
phoderma. A few other genetic syndromes that have 
milia are the Rombo syndrome, familial milia syn-
drome, and atrichia with papular lesions. Many other 
syndromes with milia have been reported.

Histology: Milia are tiny cysts in the superficial epi-
dermis. The cyst has a true lining of stratified squamous 
epithelium. A granular cell layer is present in the cyst 
wall lining. The center of the cyst is filled with a small 

to the attention of the patient for education. Patients 
are often unaware of the milia. If a patient is bothered 
by the appearance of the cyst, extraction with a come-
done extractor after creating a tiny (1-mm) incision 
with a no. 11 blade is all that is required for removal. 
Once the cyst is removed, it almost never recurs, 
although other milia may develop after extraction. 
Treatment of congenital milia in infants is not required 
because they almost all resolve spontaneously.

Congenital milia in a newborn. This is a
common incidental finding. 

Milia in an adult. Small white papules just
underneath the epidermis. They represent
small cysts and are very commonly located
on the eyelids.

A small well-circumscribed cyst is seen
within the dermis. The lining is stratified
squamous epithelium with a granular
cell layer.
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NEUROFIBROMA

Neurofibromas are uncommon benign skin tumors that 
can be solitary but are more commonly found in mul-
tiples in patients with neurofibromatosis. Neurofibro-
matosis is one of the more common genodermatoses, 
afflicting 1 in every 3000 to 4000 individuals. It is 
caused by a defective tumor suppressor gene.

Clinical Findings: Neurofibromas are small (up to 
1â•¯cm on average) papules or nodules that have a soft, 
rubbery feel. They are flesh colored to slightly hyper-
pigmented. When pressed, they show a characteristic 
“buttonholing” phenomenon, in which the neurofi-
broma invaginates into the underlying dermis and sub-
cutaneous fat. The neurofibroma returns to its natural 
location once it is unconfined. Most solitary neurofi-
bromas are asymptomatic. The clinical differential 
diagnosis is between a neurofibroma and a common 
acquired melanocytic nevus (compound or intradermal 
nevus). When multiple neurofibromas are seen in an 
individual patient, the clinician should look for other 
signs of neurofibromatosis.

Neurofibromatosis type 1 (previously known as von 
Recklinghausen disease) is a common genetic systemic 
disease with cutaneous findings. It is inherited in an 
autosomal dominant pattern but can also result from 
a spontaneous mutation. The gene that has been impli-
cated, known as NF1, is located on the long arm of 
chromosome 17 and encodes the tumor suppressor 
protein, neuroÂ�fibromin. This guanosine triphosphatase 
(GTPase) protein is critical in the regulation of the 
Ras cell signaling pathway. Other forms of neurofibro-
matosis have been described and show variations of 
the clinical phenotype. Neurofibromatosis type 2 is 
caused by a defect in NF2, a gene on the long arm 
of chromosome 22.

Patients with neurofibromatosis type 1 begin devel-
oping neurofibromas at puberty, and the lesions 
increase in number dramatically over their life span. 
They are often larger than solitary neurofibromas and 
can range from a handful to thousands. The sheer 
number of neurofibromas can cause significant disfig-
urement and can affect social and psychological well-
being. In this genetic disease, neurofibromas can occur 
not only in the skin but along any nerve in the body. 
Neurofibromas that occur in areas where there is 
minimal room for expansion (e.g., in the intervertebral 
foramen) can cause significant morbidity and need for 
surgical intervention.

Patients with neurofibromatosis type 1 have many 
other skin findings, including multiple café-au-lait 
macules, axillary freckling, and plexiform neurofibro-
mas. Plexiform neurofibromas are a unique variant of 
the neurofibroma and are considered pathognomonic 
for this disease. They are composed of multiple indi-
vidual neurofibromas grouped into a large plaque.  
Systemic findings seen in neurofibromatosis include 
optic gliomas, Lisch nodules on the iris, multiple bony 
findings, various impairments of the central nervous 
system, and a number of endocrine disorders. The 
varying phenotypes of this disease may result from  
different mutations in the involved gene. These patients 
are also at much higher risk for malignancy than nonÂ�
afflicted controls.

Pathogenesis: Solitary neurofibromas have not been 
found to contain defects in the neurofibromin protein. 
They arise as a result of unknown factors that cause 
proliferation within the dermis of all the components 
of a nerve filament. The neurofibromas found in neu-
rofibromatosis are believed to be caused by the genetic 

Multiple café-au-lait spots and neurofibromas
are the most common manifestations of NF.

High power. Wavy-appearing nuclei seen
within the center of the tumor. Mast cells
are often found in the tumor.

Low power. A non-
encapsulated dermal
tumor of cells with
spindle-shaped nuclei.
A small grenz zone
is appreciated.

Localized elephantiasis 
of thigh with redundant 
skin folds

Verrucous hyperplasia. 
Maceration of velvety-soft
skin may cause weeping 
and infection in crevices.

Plexiform neuro-
fibroma. Charac-
teristically localized
to one side of trunk
and thigh

CUTANEOUS LESIONS IN NEUROFIBROMATOSIS (NF)

von Recklinghausen disease.
One of von Recklinghausen’s
original patients, who had
extensive neurofibromas
but no neurologic symptoms.
Fortunately, such widespread
skin involvement is
uncommon.

defect in the tumor suppressor gene. How this defect 
ultimately regulates the formation of neurofibromas is 
not fully understood.

Histology: Individual neurofibromas have a well-
circumscribed, spindle-shaped proliferation within the 
dermis. No capsule is present. Schwann cell prolifera-
tion and proliferation of the axonal components of the 
nerve are seen. Many mast cells are present in these 
tumors. The epidermis is uninvolved, and a small grenz 
zone is often appreciated.

Treatment: Definitive treatment of a solitary neuro-
fibroma is complete excision. This is curative and 
results in a very low recurrence rate. No treatment is 
necessary, because the transformation into malignancy 
is extremely low.

Any neurofibroma that starts growing or becomes 
hard or tender should be removed to look for degenera-
tion into neurofibrosarcoma.

Patients with neurofibromatosis require a multidisci-
plinary approach and need to see a good internist  
to coordinate all the potential systemic complications. 
The neurofibromas may be removed surgically. This 
approach is not ideal, because the number of lesions typi-
cally precludes removal of only the bothersome ones. 
Plexiform neurofibromas should be removed by a plastic 
surgeon, because they can have large subcutaneous 
extensions that are not visible clinically. There is no cure 
for this genetic disease; lifelong screening and follow-up 
are required, and the patient should be referred for 
genetic counseling before reaching child-bearing age.
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adipose tissue. Variable amounts of fat tissue make up 
the individual lesions. No definitive percentage has 
been established to make the diagnosis, but as little 
as 10% to more than 50% of each lesion is made up 
of adipose tissue. The overlying epidermis can be 
normal or can exhibit acanthosis and papillomatosis. 
The more cerebriform appearing the lesion is clini-
cally, the more likely it is that epidermal changes will 
be seen on pathological examination. Skin tags do not 

NEVUS LIPOMATOSUS 
SUPERFICIALIS

Nevus lipomatosus superficialis is a not-uncommon 
benign skin growth that is considered to be a hamarto-
matous proliferation of adipose tissue located in the 
dermis. It was originally named nevus lipomatosus  
cutaneous superficialis of Hoffman-Zurhelle. There  
are no known systemic associations with this benign 
skin growth, and no inheritance pattern has been 
described.

Clinical Findings: These nevi are most commonly 
found along the pelvic girdle. They have no sex or race 
predilection. They may occur at any age but are most 
common before the third decade of life. The lesions 
usually have a soft, bag-like appearance, often mimick-
ing a large skin tag, and are flesh colored to yellow-tan. 
They are soft, nontender, easily moveable papules with 
a sessile base or pedunculated plaques with a thick stalk-
like projection. The main differential diagnosis includes 
a skin tag, a compound nevus, and a connective tissue 
nevus. However, these lesions are much larger on 
average than the common skin tag.

Although the diagnosis can be considered clinically, 
the definitive diagnosis can be ascertained only after 
pathological evaluation. These lesions are often solitary, 
but reports of multiple lesions have been described in 
the literature. In the case of multiple tumors, the lesions 
are typically described as flesh-colored to slightly red 
dermal nodules that tend to coalesce into larger plaques. 
Some of the tumors have a cerebriform appearance to 
their surface. They can become very large (>10â•¯cm in 
diameter) if left untreated. However, most never grow 
larger than 1 to 2â•¯cm in diameter. A generalized variety 
of this condition has been described, but it is exceed-
ingly uncharacteristic.

Children present after their parents notice the 
growth or growths, and a skin biopsy is often used to 
determine the diagnosis. Adults often present because 
of a slowly enlarging plaque that has an unsightly 
appearance or has become eroded or ulcerated due to 
trauma from the size of the lesion.

Pathogenesis: This condition is believed to be a ham-
artomatous process of adipose tissue located in the 
dermis. For some unknown reason, this normal-
appearing adipose tissue proliferates within the dermis, 
often causing an outward herniation of the overlying 
epidermis, which ultimately leads to the distinctive 
clinical findings. The exact mechanism has not been 
elucidated. No genetic abnormalities of the adipose 
tissue have been established, and there is no known 
malignant potential.

Histology: Nevus lipomatosus superficialis has a 
characteristic pathology. It shows mature normal 
adipose tissue within the dermis. The one key finding 
is lack of connection of the abnormally located dermal 
adipose tissue with the normally located subcutaneous 

have adipose tissue present, and this is a key discrimi-
nating factor.

Treatment: These solitary lesions are best excised 
surgically; this gives the best cosmetic result and the best 
cure rate. Multiple lesions can be left alone after a diag-
nosis is made. If the group of lesions is amenable to 
surgical excision without the potential for disfiguring 
scarring, or if the scarring would result in a better cos-
metic outcome, surgical excision can be undertaken.

Fleshy plaquelike
benign growth
that is diagnosed
by histopathological
analysis

Low power. The dermis is almost entirely replaced with
adipose tissue.

High power. The adipose tissue is normal
in appearance.

Pedunculated 
lesion. These
tumors are 
soft, typically
asymptomatic,
and removed
for cosmetic
purposes or
because of 
chronic
irritation.
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NEVUS OF OTA 
AND NEVUS OF ITO

Both nevus of Ota (oculodermal melanocytosis, nevus 
fuscoceruleus ophthalmomaxillaris) and nevus of Ito 
(nevus fuscoceruleus acromiodeltoideus) are considered 
to be benign hamartomatous overgrowths of melano-
cytes. These two processes are located on the face and 
upper shoulder, respectively. They share a common 
pathogenesis and histology with Mongolian spots and 
are most likely caused by abnormal embryological 
migration of melanocytes.

Clinical Findings: The diagnosis of these conditions 
is most often made on clinical grounds, and a skin 
biopsy is rarely, if ever, needed to make the diagnosis. 
Nevus of Ota and nevus of Ito have characteristic loca-
tions, and this helps the clinician make the ultimate 
diagnosis. The closely related Mongolian spot is located 
on the lower back of infants and manifests as a deep 
blue, asymptomatic macule that almost always fades 
away slowly until it disappears completely by adult-
hood. It has a higher prevalence in children of Asian or 
Mayan Indian descent.

Nevus of Ota occurs in a periocular location and can 
affect the bulbar conjunctiva. It is almost always unilat-
eral in nature. Nevus of Ota manifests as a bluish to 
blue-gray macule with indistinct borders that fade into 
the surrounding normal-colored skin. It is usually 
located over the distribution of the first two branches 
of the trigeminal nerve. If the bulbar conjunctiva is 
involved, the color may vary from bluish gray to dark 
brown. This condition occurs much more commonly in 
women and in patients of Asian descent. Nevus of Ota 
is most often seen in isolation, but on occasion it can 
be seen with a coexisting nevus of Ito.

Nevus of Ito has a similar clinical appearance; 
however, the location is on the shoulder girdle and 
neck. Unilateral lesions are the rule. The blue to blue-
gray macules can be large and can cause the patient 
considerable dismay. These lesions are asymptomatic 
but can be a major cosmetic concern for patients and 
can cause considerable psychological and social 
difficulties.

Both nevus of Ota and nevus of Ito are more preva-
lent in the Asian population. Nevus of Ota appears to 
have a very small malignant potential. It is believed that 
Caucasian females with a nevus of Ota are at higher risk 
for transformation into malignant melanoma. Nevus of 
Ito does not appear to have a malignant potential.

Histology: The histological findings in nevus of Ota, 
nevus of Ito, and Mongolian spots are identical and 
resemble those of common blue nevi. Within the lesion, 
nodular collections of melanocytes are found in the 
dermis, with noticeable elongation of the melanocytes 
in the superficial dermis. There is surrounding fibrosis 
in the dermis with a number of melanophages present.

Pathogenesis: Under normal circumstances, melano-
cytes migrate during embryogenesis from the neural 
crest outward to their final locations (e.g., skin, retina). 
Nevus of Ota and nevus of Ito are believed to be caused 
by abnormal migration of these melanocytes. During 
their migration, some unknown signal causes the mela-
nocytes to collect on the face or on the shoulder, 
respectively. There does not appear to be a genetic 
inheritance pattern.

Treatment: These are benign lesions that require 
no therapy. It is not unreasonable to monitor them 
clinically for the rare development of malignant trans-
formation. Most patients present for therapy because 
they are bothered by the appearance of the lesions. 

Because of the psychological and social hardships 
engendered by these cosmetically disfiguring lesions, 
therapy is appropriate, albeit difficult. If only small 
areas are involved, cosmetic makeup may be used to 
camouflage the region. Topical therapies with hydro-
quinone and tretinoin have shown minimal to no effect 
on the pigmentation.

Use of the 1064-nm neodymium:yttrium-aluminum-
garnet (Nd:YAG) laser has resulted in the most success 
in treating these lesions, and it can be used in patients 
of almost any skin type. Q-switching of the laser is a 
method that has been shown to increase its efficacy. 
Q-switched ruby, alexandrite, and 1064-nm Nd:YAG 
lasers have all been used successfully.

Nevus
of Ota

Nevus of Ito

Nevus of Ota low power. Pigmented mela-
nocytes are spread out within the dermis.

Nevus of Ota high power. Pigmented melanocytes with
elongated dendritic processes are seen amongst the
dermal collagen bundles.
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NEVUS SEBACEUS

Nevus sebaceus, also known as organoid nevus or nevus 
sebaceus of Jadasshon, is a benign tumor that manifests 
in infancy or early childhood. This tumor has a risk of 
malignant transformation after puberty, and basal cell 
carcinoma is the malignant tumor that most frequently 
develops within these lesions.

Clinical Findings: Most of these growths are very 
small, and some escape detection for years. Others can 
be obvious at birth. They show a large range in dimen-
sions. Most are solitary. The most common location in 
which to find a nevus sebaceus is within the scalp. 
Together, the scalp and face are overwhelmingly the 
areas of involvement, and it is rare to find a lesion any 
other place on the body. At or soon after birth, an area 
of the scalp is seen to be obviously affected. Nevus 
sebaceus typically start off as a thin, yellowish-brown 
patch or plaque. The area is almost universally devoid 
of terminal hair shafts. With time, the area becomes 
more cobblestoned in appearance. These nevi are 
usually asymptomatic but can be a cosmetic problem 
depending on their size and exact location. They occur 
in males and females with equal frequency. The lesions 
enlarge in proportion to the growing child. Before 
puberty, the risk of malignant transformation is very 
low. After puberty, approximately one third of these 
lesions develop a secondary growth, which usually 
manifests as a new nodule within the nevus sebaceus. 
The nodule can vary in color, but a light, translucent 
purple color is not infrequently seen. It is also common 
for a bleeding nodule or papule to develop within the 
underlying nevus sebaceus.

Most commonly, these growths that occur within the 
nevus sebaceus are benign in nature. The syringocyst-
adenoma papilliferum is the most common benign 
tumor to develop within a nevus sebaceus. Because of 
the connection to the epidermis, these growths usually 
manifest as a draining or bleeding nodule that is slowly 
enlarging. The most common malignant growth to 
develop in a nevus sebaceus is a basal cell carcinoma. 
These usually manifest as a pearl-colored papule with 
a central ulceration and varying amounts of bleeding or 
crusting. The transformation to malignancy has been 
shown to increase with the age of the patient. It is 
estimated that about 1% of nevus sebaceus lesions will 
develop a malignant growth over the patient’s lifetime. 
There have been multiple reports of various tumors 
arising within a nevus sebaceus, and there have also 
been reports of multiple tumors arising within the same 
nevus sebaceus.

The nevus sebaceus syndrome is a very rare finding. 
It is similar in nature to the epidermal nevus syndrome. 
This syndrome can have a varying phenotype. The neu-
rological system, including the eye, and the musculosk-
eletal, cardiovascular, and genitourinary systems can all 
be involved to varying degrees. Patients with this syn-
drome usually have abnormally large areas of cutaneous 
involvement. The lesions can be found anywhere on the 
body and are often multiple.

Pathogenesis: Nevus sebaceus is considered to be a 
hamartomatous process of the epidermis and adnexal 
structures of the skin. The exact mechanism and cause 
have not been discovered.

Histology: The histological picture is dependent on 
the age of the patient. Before puberty, the findings are 
more subtle than after puberty. Prepubertal lesions 
most commonly show undeveloped adnexal structures. 
After puberty, the lack of terminal hair follicles is a 
universal finding. Fine vellus hair follicles are often 

Low power. Acanthosis seen with an increased
number of sebaceous glands and hair follicles

High power. Characteristic finding of the emptying
of a sebaceous gland directly onto the surface of
the epidermis

High power. Increased number of enlarged sebaceous
glands, with the central sebaceous gland emptying onto
the surface of the skin

Nevus sebaceus. Flesh- to yellow-
colored plaque, typically on the scalp
with associated overlying alopecia  

present but in reduced numbers. Prominent sebaceous 
glands are seen. Many of the sebaceous glands empty 
directly onto the surface of the epidermis. The overly-
ing epidermis shows acanthosis and papillomatosis. The 
presence of apocrine glands is often appreciated.

Treatment: If treatment is undertaken, complete sur-
gical excision is the treatment of choice. This not only 
removes the lesion but also removes the risk of malig-
nant potential. Another approach is to watch and wait, 

with routine observation. If the nevus sebaceus develops 
any areas of change, a prompt biopsy is warranted. The 
timing of the surgical removal is controversial, and 
because the risk of malignancy is low, it is acceptable to 
wait until the patient is old enough to make the deci-
sion. The size and location of the nevus sebaceus dic-
tates the type of surgical excision and repair required. 
Treatment of the rare nevus sebaceus syndrome requires 
a multidisciplinary team approach.
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OSTEOMA CUTIS

Osteoma cutis is a rare benign tumor in which bone 
formation occurs within the skin. There are two types 
of osteoma cutis, primary and secondary. Primary 
osteoma cutis is idiopathic in nature, whereas secondary 
osteoma cutis is caused by bone formation in an area of 
trauma or another form of cutaneous inflammation. It 
can also be seen secondary to abnormalities of parathy-
roid hormone metabolism, and this form of osteoma 
cutis is called metastatic ossification. Secondary osteoma 
cutis is much more common than the primary idio-
pathic form.

Clinical Findings: Primary osteoma cutis is not asso-
ciated with any defined underlying disorder and can 
manifest as a solitary nodule, plaque, or plate-like hard-
ening of the skin. Some are quite small, whereas others 
are large and cause discomfort. Males and females are 
equally affected, and there is no race predilection. The 
age at onset is variable. Plate-like or plaque-like osteoma 
cutis is a form of primary osteoma cutis that occurs 
during the first few months of life and can even be 
present at birth. The acral regions are most commonly 
affected. Over time, these osteomas tend to develop 
ulcerations or erosions of the overlying epidermis. 
With this ulceration, small parts of the osteoma are 
extruded from the underlying dermis and expelled  
from the skin. This may be the cause for presentation 
to the clinician. Most patients present with a thickened 
or hardened area of skin with no preceding trauma  
or inflammatory condition. There is no malignant 
potential.

Primary osteomas of the skin may be seen in the 
genetically inherited disease, Albright’s hereditary 
osteodystrophy. This condition is characterized by a 
constellation of findings including short stature, 
osteoma cutis, mental and physical delay, and brachy-
dactyly. Varying degrees of obesity and a round appear-
ance to the face are also seen. This condition is caused 
by an underlying defect in the GNAS gene. This gene 
encodes a stimulatory G protein (Gs) that is responsible 
for cell signaling through the eventual production of 
cyclic adenosine monophosphate (cAMP). Albright’s 
hereditary osteodystrophy has been reported to mani-
fest with resistance to parathyroid hormone, but other 
Albright’s patients have not shown this resistance. 
These differences are likely due to the complex  
inheritance pattern and whether the defective gene  
was inherited from the maternal or paternal side or 
both. Most patients have associated hypocalcemia and 
hyperphosphatemia.

Secondary osteoma cutis is far more common than 
the primary form, by a ratio of about 9â•›:â•›1. Bone forma-
tion may occur in any area of previous skin trauma, acne 
cysts, or epidermal inclusion cysts and are commonly 
seen in pilomatricomas. Pilomatricomas are benign 
tumors that most often manifest in childhood. Inflam-
matory conditions associated with osteoma cutis include 
dermatomyositis and scleroderma.

Fibrodysplasia ossificans progressiva is a rare genetic 
condition in which connective tissue is turned into bone 
after minor trauma, causing secondary osteomas. The 
skin can be involved, but so can the muscle and other 

High power. A well-
circumscribed nodule
of bone formation just
underneath the epidermis.
A few haversian canals
are present.

Painless bony mass protrudes from
anterior aspect of tibia. Scars due
to repeated skin abrasions

Radiograph reveals globular outgrowth on tibial
cortex with sloping extensions (Codman’s triangles) Specimen demonstrates continuity

of tumor with overlying periosteum.

Radiograph of excised tumor reveals 
densely ossified cortical mass protruding
from outer table of skull.

Slowly enlarging, asymptomatic
bony mass on dome of head

underlying tissue. This disease is progressive and can 
result in premature death. This condition is unique in 
that it is caused by endochondral bone formation.

Pathogenesis: Primary forms of osteoma cutis show 
intramembranous ossification that is centered within 
the dermis. There is no preceding cartilage formation 
to act as a scaffolding for the bone to form. The exact 
cause is unknown. The G protein that is defective  
in Albright’s hereditary osteodystrophy has been  
found to be important in bone regulation. The precise 
reason why some areas of skin are involved while others 
are left intact in this genetic disease is not well 
understood.

Histology: Areas of bone formation are seen ectopi-
cally in the dermis or subcutaneous tissue. The bone is 

formed by an intramembranous mechanism without the 
assistance of a preceding cartilage scaffolding.

Treatment: Secondary osteoma cutis can be removed 
with a number of surgical techniques. Creation of a 
small, nick-like incision over the area of osteoma for-
mation and removal with a small curette or laser resur-
facing has produced the best results. This treatment can 
be very time-consuming and labor intensive in cases of 
multiple secondary osteoma cutis (e.g., in some cases of 
acne-associated osteoma cutis).

The treatment of primary plaque-like osteoma cutis 
is surgical removal. Albright’s heriditary osteodystrophy 
and fibrodysplasia ossificans progressiva are rare dis-
eases that require a multidisciplinary approach at 
centers with experience treating these conditions.
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PALISADED ENCAPSULATED 
NEUROMA

The palisaded encapsulated neuroma (PEN) is an 
uncommon benign tumor that is derived from nerve 
tissue. It is also known as solitary circumscribed 
neuroma of the skin. Most of the tumors occur on the 
head and neck.

Clinical Findings: The lesions of PEN most often 
manifest on the head and neck region of patients in the 
fourth and fifth decades of life. They afflict men and 
women equally and have no race predilection. They are 
firm, dome-shaped papules or dermal nodules. They 
are almost always solitary in nature. The overlying epi-
dermis is unaffected and is flesh colored. These benign 
tumors tend to grow slowly over a period of years until 
they reach a size (often <1â•¯cm in diameter) that makes 
them worrisome to the patient. They are commonly 
misdiagnosed as compound nevi or basal cell carcino-
mas, and it is not until they are biopsied that the true 
diagnosis is made. These tumors have a propensity to 
develop on the eyelid margin and at the interface 
between keratinized skin and the mucous membranes. 
Many are seen and removed by ophthalmologists. Most 
of these tumors are completely asymptomatic. On occa-
sion, they are tender. This tumor is not associated with 
any underlying neural or systemic symptoms. In con-
trast, traumatic neuromas occur at sites of trauma, espe-
cially at amputation stump sites, and are caused by 
hypertrophy and proliferation of the damaged nerve 
ending. These tumors are solid, hard dermal nodules 
that cause pain on palpation.

Pathogenesis: The PEN tumor is derived from 
neural tissue. The Schwann cell is believed to be the 
cell type of origin for this growth. The proliferation of 
Schwann cells forms the tumor lobule. The exact mech-
anism or signal that causes this proliferation has not yet 
been discovered. Schwann cell origin is important to 
recognize and helps differentiate this tumor from other 
neurally derived tumors. The capsule is derived from 
perineural cells and collagen bundles. The capsule  
is believed to occur as a reaction to the underlying 
Schwann cell proliferation.

Histology: The PEN has a clear and well-demarcated 
capsule lining that is derived from collagen and peri-
neural cells. The tumor is located entirely within the 
dermis, and the overlying epidermis is normal in 
appearance. There is no inflammatory infiltrate. The 
tumor is composed of spindle-shaped cells that form  
a tight, interweaving pattern. Immunohistochemical 
staining is often used to help differentiate these tumors 
form other neurally derived tumors such as schwanno-
mas, neurofibromas, and traumatic neuromas. Neuro-
fibromas do not have a true capsule circumventing the 
tumor. The capsule stains with epithelial membrane 
antigen (EMA). This stain helps indicate the location 
of the perineural capsular cell components. The  
tumor proper stains with S100, vimentin, and type IV 

Palisaded
encapsulated
neuroma.
Nondescript
dermal tumor 
with minimal
epidermal
changes

Traumatic neuromas
commonly occur within
amputation stump site.

Palisaded encapsulated neuroma, low power.
Well-circumscribed dermal tumor of spindle cells

Palisaded encapsulated neuroma, high power.
Close-up of the fascicles that make up the tumor

collagen. This staining pattern has been described for 
Schwann cells, so a positive result helps to determine 
the derivation of this tumor. Schwannomas are differ-
entiated by their characteristic Antoni A and B regions 
and their subcutaneous location. Traumatic neuromas 
are not encapsulated and are composed of all the indi-
vidual components that make up the previously normal 
traumatized nerve tissue.

Treatment: Complete excision is diagnostic and 
curative. The tumors rarely recur after elliptical exci-
sion. They have no malignant potential, and patients 
can be reassured that they do not have any possibility 
of an underlying neural syndrome. Traumatic neuromas 
can be cured by surgical removal. There is a small risk 
of recurrence. Pain control is also critical in the man-
agement of traumatic neuromas.
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Low power. Dermal cyst with compacted central
keratin. The epidermis is unaffected.

Pilar cysts are
frequently found 
on the scalp. 
Dome-shaped,
firm dermal
nodules

Isthmus 

High power. The epithelial lining does not contain
a granular cell layer and is composed of stratified
squamous epithelium.

Pilar cysts develop from
within the isthmus of the
hair follicle apparatus.

PILAR CYST 
(TRICHILEMMAL CYST)

Pilar cysts are relatively common benign growths that 
occur most frequently on the scalp. They go by many 
names, including wen, trichilemmal cyst, and isthmus-
catagen cyst. Most are solitary, but it is not uncommon 
to see multiple pilar cysts in a single individual. Their 
appearance is similar to that of epidermal inclusion 
cysts, but the pathogenesis is completely different. 
There is a malignant counterpart called a metastasizing 
proliferating trichilemmal cyst. The malignant trans-
formation of a pilar cyst is exceedingly rare. Subsets of 
these growths are inherited.

Clinical Findings: Pilar cysts occur most frequently 
on the scalp. They can be mistaken for epidermal inclu-
sion cysts. The main clinical differentiating points  
are that pilar cysts do not have an overlying central 
punctum, and they tend to be a bit firmer to touch. 
These cysts occur more commonly in adults, and they 
have a tendency to affect women more often than men. 
They typically manifest as slowly growing, firm dermal 
nodules with no overlying epidermal changes and no 
central punctum. These cysts do not drain, as epidermal 
cysts sometimes do. They also rarely get inflamed. 
Almost exclusively found in the scalp, they are for  
the most part asymptomatic. Patients present to the 
clinician because of an enlarging nodule. As opposed  
to the epidermal inclusion cyst, which essentially has  
no malignant potential, the pilar cyst does have a  
small proliferating and malignant potential. This risk is 
very low.

Some families show an autosomal dominant inheri-
tance pattern. The exact gene defect has yet to be deter-
mined, but a possible gene has been mapped to 
chromosome 3. Most patients with the hereditary 
version of this condition have solitary lesions. Numer-
ous lesions are infrequently encountered in the inher-
ited form.

Pathogenesis: Pilar cysts are also called trichilemmal 
cysts, because they are derived from the outer root 
sheath of the hair follicle, which undergoes trichilem-
mal keratinization. This form of keratinization is 
unique in that there is no granular layer. The hereditary 
version of this disease was originally thought to be 
caused by a defect in the gene encoding β-catenin. This 
has been disproven, and the familial gene has been 
mapped to the short arm of chromosome 3, although 
the exact genetic defect has yet to be elucidated. These 
cysts are believed to be derived from the isthmus of 
anagen-type hairs. They are formed from deeper ele-
ments of the hair shaft apparatus than the epidermal 
inclusion cyst are.

Histology: Pilar cysts are composed of compact layers 
of stratified squamous epithelium without a granular 
cell layer. The cysts are found within the dermis, and 

the overlying epidermis is unaffected. These cysts show 
an absence of intercellular adhesion molecules. The 
cysts can become calcified or ossified. The cysts have a 
unique peripheral rim of keratinocyte nuclei, which is 
very helpful in classifying them. The central aspect of 
the cyst contains homogenous pale, eosinophilic, com-
pressed keratin.

Treatment: Simple surgical excision is curative. The 
recurrence rate is minimal. These cysts typically are 

removed very easily after excision through the overly-
ing skin into the cyst wall. The cyst almost always 
“pops” out with slight lateral pressure, and only a small 
incision is needed. After removal, care needs to be taken 
to decrease the amount of dead space left, to avoid 
seroma formation. This can be prevented by removing 
some of the redundant overlying epidermis and sutur-
ing the deeper tissues together to close the space left by 
the removed cyst.
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POROKERATOSIS

The porokeratoses are a group of benign epidermal 
proliferations. The most common and best-described 
clinical variants include disseminated superficial actinic 
porokeratosis (DSAP), porokeratosis of Mibelli, poro-
keratosis palmaris et plantaris disseminata, and punctu-
ate porokeratosis. The underlying disease state is the 
same for all variants, as are the characteristic and diag-
nostic histopathological findings. There are many other 
clinical variants that are infrequently seen.

Clinical Findings: Porokeratoses are typically inher-
ited in an autosomal dominant fashion. They manifest 
beginning in the third to fourth decades of life and  
are more common in sun-exposed areas. The lesions 
can be minute to a few centimeters in diameter. They 
usually are 1- to 2-cm, thin, flesh-colored to slightly 
pink or hyperpigmented patches with a characteristic 
hyperkeratotic surrounding rim. This rim encompasses 
the entire lesion and is almost pathognomonic for 
porokeratosis.

The DSAP form is the most common and most easily 
recognized clinical variant. Patients present with a 
family history of similar skin growths. The lesions are 
almost entirely located in sun-exposed regions of the 
body. Patients who have had more ultraviolet light 
exposure over their lifetime are more likely to have 
multiple and more noticeable lesions. Most porokera-
toses are asymptomatic, and patients typically present 
because of the appearance of the lesions and the fact 
that they continue to develop more lesions over time. 
Most lesions are flesh colored to slightly pink or red. 
Some can be frankly inflamed, with redness and crust-
ing. Transformation into squamous cell carcinoma has 
been reported. and patients should be counseled to be 
reevaluated if they develop growths or ulcerations 
within the porokeratosis. The lesions of DSAP are 
much more likely to affect the skin on the extremities 
than the facial skin.

The porokeratosis of Mibelli is a solitary lesion, or  
a group of lesions with a linear array that have an  
identical morphology of a thin patch with a thin  
hyperkeratotic rim. They may occur anywhere on the 
body.

Porokeratosis palmaris et plantaris disseminata is a 
unique variant that affects the skin of the palms and 
soles initially and then can disseminate into a general-
ized pattern. The lesions of the palms and soles can be 
tender. This variant is also inherited in an autosomal 
dominant manner. The lesions begin on the palms and 
soles during the third to fourth decades of life and 
slowly spread to other areas of the skin in a generalized 
pattern.

Punctate porokeratosis of the palms and soles is a rare 
clinical variant that is localized to the palms and soles. 
The lesions tend to be 0.5 to 1â•¯cm in diameter and have 
a well-defined rim of hyperkeratosis. Occasionally, they 
can be mistaken for plantar warts.

Pathogenesis: The pathogenesis of porokeratosis, no 
matter which variant, is believed to be an abnormality 
of keratinocyte proliferation. A clonal expansion of the 
abnormal keratinocytes leads to development of the 
expanding rim of hyperkeratotic tissue. This rim of 
hyperkeratosis is recognized histopathologically as the 
cornoid lamella. No genetic defect has been identified. 
Porokeratosis is more commonly found in patients 

Disseminated superficial 
actinic porokeratosis (DSAP).
Thin patches with a thin rim of epidermal
hyperkeratosis on sun-exposed skin

Low power. An atrophic epidermis with a scant
amount of dermal inflammation is seen. A peri-
pherally located cornoid lamella is appreciated.

High power. The cornoid lamella is made
of compacted stratum corneum. It overlies
an area that has lost its granular cell layer.
The cornoid lamella is oriented with its
distal ends pointing inward.

Types of Porokeratosis

Disseminated superficial actinic porokeratosis (DSAP)
Porokeratosis palmaris et plantaris disseminata
Linear porokeratosis
Punctate porokeratosis
Porokeratosis of Mibelli (solitary porokeratosis)

taking chronic immunosuppressive medications (e.g., 
after solid organ transplantation) and in those infected 
with the human immunodeficiency virus. This is indi-
rect evidence that chronic immunosuppression may 
lead to a lack of tumor surveillance and the develop-
ment of porokeratosis.

Histology: On biopsy, the hallmark of porokeratosis 
is recognition of the cornoid lamella. The cornoid 
lamella is the pathological representation of the hyper-
keratotic peripheral rim of tissue seen on clinical 
examination. The cornoid lamella is positioned at an 
angle away from the center of the lesion. The granular 
cell layer underneath the cornoid lamella is often 
absent or severely thinned. The appearance of the 
center of the lesion is dependent on the clinical variant 

seen. The area can be atrophic or acanthotic. It is 
not uncommon to see an inflammatory infiltrate 
underneath the lesion, composed predominantly of 
lymphocytes.

Treatment: Treatment is difficult and often unsuc-
cessful for widespread areas such as those involved in 
DSAP. Sun protection and sunscreen use are recom-
mended. Solitary lesions can be removed surgically. 
Multiple disseminated lesions can be ablated with 
carbon dioxide laser ablation, 5-fluorouracil, or derm-
abrasion. These therapies are not always effective and 
may be associated with scarring. It is imperative to 
continue to monitor these patients with routine skin 
examinations, because porokeratoses have a potential 
for malignant degeneration.
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PYOGENIC GRANULOMA

Pyogenic granulomas are common benign skin tumors. 
They frequently occur after trauma and can be induced 
by certain classes of medications. They are also seen in 
increased frequency during pregnancy. Pyogenic granu-
lomas are vascular tumors or proliferations of vascular 
tissue. They occur in all races, and there is no age or 
gender predilection, although they are more commonly 
seen in pregnancy.

Clinical Findings: Patients often present with a 
bleeding papule or nodule that is beefy red and has a 
collarette of scale. Pyogenic granulomas are friable and 
bleed easily when manipulated. There is often a preced-
ing history of trauma. The lesions are usually small 
(5â•¯mm) papules, but some have been reported to be 1 
to 2â•¯cm in diameter. These benign growths can also 
occur on the mucosa, and another common but unique 
location is in a periungual position. They can be tender 
and occasionally can become superinfected. A charac-
teristic finding is the “band-aid” sign. This sign repre-
sents the surrounding skin findings of a contact 
dermatitis caused by the frequent use of bandages to 
cover the pyogenic granuloma due to its propensity to 
bleed, sometimes profusely. Pyogenic granulomas are 
more common during pregnancy and can be seen on 
the gingival mucosa. The most frequent oral location 
of involvement is the gingival mucosa. They rarely 
resolve spontaneously. The differential diagnosis is 
usually between pyogenic granuloma and other vascular-
appearing tumors including metastatic carcinoma, par-
ticularly renal cell carcinoma, bacillary angiomatosis, 
and amelanotic melanoma. Pyogenic granulomas are 
almost always removed and the diagnosis is confirmed 
by histopathologic evaluation.

Pathogenesis: Pyogenic granulomas are thought to 
arise after trauma or secondary to medications and to 
be caused by a hyperplastic proliferation of vascular 
tissue. Chronic localized trauma can cause the release 
of vascular growth factors that may induce the prolif-
eration. Pyogenic granulomas have not been shown to 
have any genetic inheritance pattern and are considered 
to be sporadic. The exact mechanism of formation is 
not well understood. The fact that they are more com-
monly seen in pregnancy suggests that certain hor-
monal regulations play a role in the formation of these 
tumors.

Histology: Pyogenic granulomas are also known as 
lobular capillary hemangiomas. This is an excellent 
descriptive name. The lesion is an exophytic growth 
that has a lobular configuration to its growth  
pattern. The tumor is typically well circumscribed and 

Pyogenic granuloma of the gingiva may be seen
more frequently during pregnancy. This is
occasionally termed granuloma gravidarum.

Low power. Multiple lobules of blood vessels 
are seen separated by a thin fibrous connective
tissue.

High power. Proliferation of capillary vessels is
prominent in the center of the tumor lobules.

Pyogenic granuloma on the thumb with
the characteristic collarette of scale

surrounded by a collarette of hyperplastic epithelium. 
Multiple capillary loops are found within each of the 
tumor lobules. Strands of fibrous tissue divide the 
tumor into individual lobules of varying size. Many of 
these lesions show evidence of surface ulceration result-
ing from thinning of the overlying epidermis. The cells 
involved are bland appearing.

Treatment: Most pyogenic granulomas resolve after 
shave removal and curettage with cautery of the base of 

the lesion. These tumors do have a propensity to recur, 
and occasionally an elliptical excision is required for 
removal. Application of silver nitrate and laser ablation 
with the pulsed dye laser have been used successfully. If 
the pyogenic granulomas are drug induced, stopping 
the offending medication is sometimes effective in 
resolving them. However, many cases of medication-
induced pyogenic granulomas require some method of 
surgical removal.
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RETICULOHISTIOCYTOMA

Reticulohistiocytomas, also called solitary epithelioid 
histiocytomas, are conglomerations of large eosino-
philic histiocytes within the dermis. The cytoplasm of 
these cells has been described as “glassy” in appearance. 
Reticulohistiocytomas are a subset of the histiocytoses 
group of diseases. In contrast to the other histiocytoses, 
patients with reticulohistiocytoma have normal lipid 
levels.

Reticulohistiocytomas can occur as a solitary growth 
or as multiple growths in a condition known as multi-
centric reticulohistiocytosis. The solitary variant is 
more often seen. On histopathological examination, the 
two clinical variants are identical in nature. Multicen-
tric reticulohistiocytosis is a rare disease with systemic 
involvement. It can often be a marker of internal malig-
nancy, and patients are afflicted with a severe arthritis.

Clinical Findings: Solitary lesions are typically small, 
firm dermal nodules ranging from 1 to 2â•¯cm in diameter. 
They are usually asymptomatic. Their coloration may 
vary, but most often they are slightly pink to red-brown. 
They are found most commonly on the head and neck 
region of the body but have been described in all loca-
tions. They occur with similar frequency in males and 
females and have no age or race predilection.

Multicentric reticulohistiocytosis is unique in that it 
occurs in an older population, with a higher percentage 
of females affected. The number of lesions is in the 
hundreds to thousands. The multiple reticulohistiocy-
tomas found in this condition are most often localized 
to the dorsal aspect of the hands and to the face. A 
distinctive finding is that of small papules along the 
lateral and proximal nail folds. This finding has been 
described as “coral beading,” and it is highly  
specific for multicentric reticulohistiocytosis. These 
patients also have a severe arthropathy, and this diag-
nosis should lead one to look for an underlying malig-
nancy. The arthropathy almost always affects the 
interphalangeal joints, particularly the distal interpha-
langeal joints. Multicentric reticulohistiocytosis is 
believed to be a paraneoplastic condition in up to 25% 
of the cases. The type of malignancy is variable, with 
no predominant type more prevalent than any other. 
For this reason, age-appropriate cancer screening  
is recommended. In about one third of patients with 
multicentric reticulohistiocytosis, the joint symptoms 
precede the growths; in one third, they appear at the 
same time; and one third of the patients develop only 
clinically minor or no arthropathy. This arthropathy is 
a severe inflammatory arthropathy that is symmetric 
and polyarticular. A mutilating arthritis may develop, 
sometimes very quickly. Early recognition and treat-
ment has helped decrease the progression into severe 
mutilating arthritis. This truly is a multisystem organ 
disease. Many patients have cardiac involvement, and 
almost all organ systems have been reported to be 
affected, some with fatal outcomes.

Pathogenesis: Multicentric reticulohistiocytosis and 
solitary reticulohistiocytoma are believed to represent 
a rare disorder of histiocytes. The cause of the histio-
cytic proliferation is unknown.

Histology: The tumor shows a well-circumscribed 
dermal infiltrate without a capsule. The infiltrate is made 
up almost entirely of histiocytes with a “ground-glass” 

Multicentric reticulohistiocytomas. Coral
red papules on the fingers. Can be associated
with severe disabling arthritis.  

Low power. A diffuse dermal infiltrate of “ground-
glass” histiocytes 

High power. A few multinucleated giant cells 
are seen within the tumor.

Organs Involved in Reticulohistiocytoma

Associated Autoimmune Diseases and Malignancy

Inflammatory arthritis (hands, knees, shoulders)
Lungs
Bone marrow
Eyes
Heart

Systemic lupus erythematosus
Breast cancer
Colon cancer
Primary biliary cirrhosis

Lymphoma
Lung cancer

appearance of the cytoplasm. Multinucleate giant cells 
are always seen. They contain more than three nuclei, 
which can be arranged in many variations. The cells stain 
with the immunohistochemical stains CD45 and CD68, 
but do not stain with S100. On electron microscopy, no 
Langerhans cells are found in the infiltrate.

Treatment: Solitary reticulohistiocytomas are cured 
with a simple elliptical excision. They rarely recur. 

Patients with multicentric reticulohistiocytosis require 
systemic therapy. Screening and constant vigilance  
for an underlying malignancy is required in all cases. 
Corticosteroids, methotrexate, hydroxychloroquine, 
and cyclophosphamide have all been used. Anti–tumor 
necrosis factor (anti-TNF) agents have been used. The 
goals are to prevent or suppress the arthropathy and to 
screen for malignancy.
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SEBORRHEIC KERATOSIS

One of the most commonly encountered of all benign 
skin growths is the seborrheic keratosis. These growths 
come in all sizes and shapes and invariably can be found 
on any human older than 40 years of age. They com-
monly begin in the fourth decade of life and tend to 
increase in number over one’s lifetime. They have no 
malignant potential but are often brought to the atten-
tion of physicians because they can mimic other skin 
growths, most importantly malignant melanoma.

Clinical Findings: Seborrheic keratoses are found 
equally in males and females, and they are seen in all 
races. They begin to manifest in the third to fifth 
decade of life and continue to increase in number there-
after. They come in various sizes and shapes. Some are 
quite small, whereas others can be 5 to 6â•¯cm in diam-
eter. They occur almost exclusively in sun-exposed 
regions of the body. The classic description is that of a 
1- to 2-cm plaque with a “stuck-on” appearance and 
small horn cysts. Most commonly flesh colored, they 
can also be tan, brown, or almost black. It is for this 
reason that they are occasionally mistaken for mela-
noma. Most individuals have a few scattered keratoses, 
but not infrequently a patient has thousands of these 
skin growths.

Many clinical variants of seborrheic keratosis can be 
seen. Stucco keratoses are small (1-5â•¯mm), gray-tan 
papules with a stuck-on appearance or thin patches  
on the lower extremities. Dermatosis papulosis is a  
condition in which multiple seborrheic keratoses occur 
on the face and neck. This condition has a definite 
inheritance pattern.

Some seborrheic keratoses are smooth surfaced, but 
more commonly they have a pebbly or dry, rough 
surface. They have a characteristic stuck-on appear-
ance, and in some instances they are easily removed by 
gently peeling from one side. These growths can easily 
become irritated or inflamed. The resulting pain, 
itching, or bleeding often brings the patient to medical 
treatment.

The sign of Leser-Trélat is the rapid onset of  
multiple seborrheic keratoses associated with an under-
lying internal malignancy. This sign has not been vali-
dated and is not a reliable indicator of an internal 
malignancy.

Histology: There is a well-circumscribed prolifera-
tion of keratinocytes. They have an exophytic growth 
pattern. The keratinocytes show acanthosis and hyper-
keratosis. Marked papillomatosis is also commonly 
encountered. Two types of cysts are seen within the 
seborrheic keratosis. The horn cyst develops within the 
epidermis and is made of a keratin-filled cystic space 
with a surrounding granular cell layer. A pseudo-horn 
cyst is formed by an invagination of the stratum 
corneum into the underlying epidermis. Multiple his-
tological subtypes have been described.

Pathogenesis: The formation of this benign epider-
mal tumor is not fully understood. It is caused by a 
proliferation of keratinocytes within the epidermis. The 
location in sun-exposed skin and the increasing number 
of lesions with increasing age has led some to believe 
that they are caused by a local suppression of the 
immune system that results in the epidermal prolifera-
tions. A definitive inheritance pattern has not been  
discovered, but these keratoses show some genetic pre-
disposition. Chromosomal analysis of these tumors has 
not revealed any chromosomal defects. A link with the 

Dermatosis
papulosis nigrans

Stucco keratosis

Seborrheic
keratosis (close up)

Multiple seborrheic keratosis lesions

Seborrheic keratosis low power. Acanthotic epidermis
with overlying orthokeratosis.

human papillomavirus has been proposed but has yet to 
be proven.

Treatment: These keratoses require no therapy. If 
they become inflamed or irritated, a simple shave biopsy 
removal is curative. Cryotherapy and curettage are often 
used to treat these benign skin growths, and both are 
extremely effective. After cryotherapy treatment, a 
blister usually forms at the base of the seborrheic kera-
tosis, and within a day or two the keratosis falls off. 

Another extremely effective method of removal that can 
be done in the office is cryotherapy followed by a light 
curettage; this also allows for histological evaluation. 
Occasionally, dark brown or black seborrheic keratoses 
can mimic melanoma, and in other cases a melanoma 
may arise adjacent to a seborrheic keratosis and mislead 
the clinician. If there is ever a doubt that the growth 
could be a melanoma, a biopsy is required. This allows 
for pathological confirmation of the diagnosis.
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SPITZ NEVUS

Spitz nevi are acquired nevi that occur most commonly 
in children. The classic Spitz nevus is a benign growth 
with minimal malignant potential. The Spitz nevus is 
also known as a spindle-cell nevus. In the past, they 
were also referred to as “benign juvenile melanoma,” 
but that name should be avoided, because the term 
melanoma should be used to describe malignant tumors 
only. The difficulty with these melanocytic growths is 
that they do not always have the classic appearance and 
can be difficult to differentiate from melanoma. This is 
especially true in the adult population, where Spitz nevi 
are uncommon. For this reason, the terms atypical Spit-
zoid melanocytic lesion, atypical Spitz nevus, and Spitzoid 
tumor of undetermined potential have made their way into 
the dermatology lexicon to describe these difficult-to-
classify cases.

Clinical Findings: The classic Spitz nevus occurs in 
childhood and has a characteristic reddish-brown color. 
It has even coloration and regular borders. It is typically 
dome shaped and smooth. It occurs equally in boys and 
girls and is more commonly found in the Caucasian 
population. The most common location has been 
reported to be the lower limb. The size is variable, but 
they are usually 5 to 10â•¯mm in diameter. Spitz nevi are 
almost always solitary, but multiple Spitz nevi in an 
agminated pattern have been described. The clinical 
differential diagnosis of a Spitz nevus includes the 
common acquired nevus, pilomatricoma, dermatofi-
broma, adnexal tumors, and juvenile xanthogranuloma. 
Most Spitz nevi are asymptomatic and are brought to 
the clinician’s attention as an incidental finding. Classic 
Spitz nevi rarely, if ever, spontaneously bleed or change 
in color.

Pathogenesis: The Spitz nevus is a melanocytic lesion 
derived from spindle-shaped or epithelioid melano-
cytes. The initiating factor or factors that cause this 
melanocytic proliferation to arise are unknown. They 
are unique melanocytic lesions, and their pathogenesis 
is likely to be entirely different from that of congenital 
melanocytic or common acquired melanocytic nevi.

Histology: The classic Spitz nevus is symmetrically 
shaped, without shouldering. It shows the proper 
benign maturation of melanocytes from top to bottom 
of the lesion. The melanocytes do not show pagetoid 
spread (single melanocytes) within the epidermis. Spitz 
nevi melanocytes in general have a spindle shape or 
epithelioid morphology. Another helpful finding is the 
presence of eosinophilic Kamino bodies. These can be 
either solitary or coalescing into large globules. Kamino 
bodies are found in juxtaposition to the basement mem-
brane zone and are composed of elements of the base-
ment membrane, specifically type IV collagen. There is 

Solitary Spitz nevus. Reddish-brown dermal papule

Agminated 
Spitz nevi 

Low power. Symmetric melanocytic tumor, with
maturation of the melanocytes

High power. Bland-appearing melan-
ocytes predominate. A uniformity of
cell size is seen, and no mitotic figures
are appreciated. Melanophages are
present.

no immunohistochemical stain that can definitively dif-
ferentiate a Spitz nevus from melanoma. As alluded to 
earlier, the classic Spitz nevus is usually a straightfor-
ward diagnosis. However, many difficult-to-classify 
melanocytic lesions have overlapping features of Spitz 
nevus and melanoma and can be exceedingly challeng-
ing diagnostically.

Treatment: Complete excision for a classic Spitz 
nevus is curative and allows for a complete histological 

evaluation. Indeterminate lesions should be reexcised 
with conservative margins to make sure they have  
been completely removed. Spitz nevi in adults should 
all be excised to allow for complete histopathological 
examination. Unclassifiable or difficult to classify mela-
nocytic tumors with features of both Spitz nevus and 
melanoma are best treated as if they were melanoma. 
The Breslow depth should be used to plan for appropri-
ate therapy.
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in some of the more aggressive subtypes such as the 
eccrine porocarcinoma. Sentinel node removal and 
evaluation has not shown any survival benefit to date. 
Mohs surgery may lead to a decrease in recurrence rate 
and is tissue sparing. Because of the rare nature of these 
tumors and the lack of prospective randomized studies, 
it is difficult to determine the best removal method. For 
the same reasons, the ultimate prognosis and the 

ADNEXAL CARCINOMA

Adnexal carcinomas are a diverse group of malignant 
skin tumors that are derived from the various compo-
nents of the skin appendageal structures. These tumors 
are extremely rare and comprise well less than 1% of 
all skin cancers diagnosed annually. They are difficult 
to diagnosis clinically because they can all mimic the 
more common types of skin cancer, particularly basal 
cell carcinoma and squamous cell carcinoma. They can 
be diagnosed with certainty only after histological 
examination. These tumors are believed to be derived 
from hair follicle, sebaceous gland, apocrine gland, or 
eccrine gland epithelium. They are thought to arise  
de novo and can also arise from a preexisting benign 
precursor. An example is an eccrine porocarcinoma 
developing within an eccrine poroma.

Clinical Findings: These tumors are very rare, 
and one is unlikely to consider them in the differential 
diagnosis when evaluating an individual with an undi-
agnosed skin growth. There are few clues to their 
origin, which makes diagnosis of these cancerous 
tumors almost impossible based on clinical findings 
alone. Most manifest as a solitary papule, plaque, or 
dermal nodule. Most are asymptomatic, but pruritus, 
bleeding, and pain may be present.

The diagnosis of these tumors requires tissue sam-
pling. A punch or excisional biopsy is the best method 
to biopsy these lesions, because it allows the pathologist 
to get a large enough piece of tissue to evaluate. A 
punch biopsy is especially important to help differenti-
ate microcystic adnexal carcinoma from a benign syrin-
goma. The latter is very superficial in nature, whereas 
the microcystic adnexal carcinoma displays a deep infil-
trative growth pattern that will not be appreciated with 
a superficial shave biopsy.

Pathogenesis: The pathogenesis of these tumors is 
poorly understood. In contrast to basal and squamous 
cell carcinomas, they are unlikely to be caused by ultra-
violet light exposure. The rarity of the tumors makes 
them difficult to study. There appears to be no genetic 
inheritance to these malignant tumors, with the lone 
exception of the sebaceous carcinoma. Sebaceous car-
cinoma can be seen in the Muir-Torre syndrome, which 
is inherited in an autosomal dominant pattern.

Histology: Each tumor is unique histologically. The 
tumors can be subdivided according to the type of epi-
thelium from which they are derived: sebaceous, hair 
follicle, eccrine, or apocrine. The pathologist is able to 
differentiate these tumors based on certain criteria. The 
tumors show varying amounts of cellular atypia and an 
invasive growth pattern. They are usually poorly cir-
cumscribed with varying amounts of mitotic figures, 
necrosis, and abnormal-appearing cells. Various gland-
like structures can be seen in some tumors, which can 
be helpful in making the diagnosis. Often, special 
immunohistochemical stains are used to help differenti-
ate the subtypes of these tumors.

Treatment: These tumors should all be surgically 
excised with clear surgical margins. The Mohs surgical 
technique has been used successfully to treat these 
tumors, as has a standard wide local excision. Sentinel 
node removal and evaluation is not routinely per-
formed, but some clinicians advocate its use, especially 

Cutaneous Adnexal Tumors
Apocrine gland derived

Adenocarcinoma of Moll’s glands
Apocrine carcinoma
Ceruminous adenocarcinoma
Cribriform apocrine carcinoma
Extramammary Paget’s disease  

Eccrine gland derived

Adenoid cystic carcinoma
Aggressive digital papillary adenocarcinoma
Clear cell eccrine carcinoma
Hidradenocarcinoma
Eccrine ductal adenocarcinoma
Eccrine porocarcinoma
Malignant chondroid syringoma
Malignant cylindroma
Malignant eccrine spiradenoma
Microcystic adnexal carcinoma
Mucinous adenocystic carcinoma
Mucoepidermoid carcinoma
Polymorphous sweat gland carcinoma
Signet-ring cell carcinoma of the eyelid 
Syringoadenocarcinoma papilliferum
Syringoid eccrine carcinoma

Hair follicle derived
Malignant proliferating trichilemmal tumor
Pilomatrix carcinoma
Trichilemmal carcinoma
Trichoblastic carcinoma

Sebaceous gland derived
Sebaceous carcinoma

Eccrine porocarcinoma. Nondescript
red papule or nodule. Ulceration may
occur. A biopsy is required to diagnose
this rare form of skin cancer.

Spiradenocarcinoma, presenting as a plaque on the
ear. Adnexal tumors are rare, and a biopsy for histo-
logical evaluation is required for diagnosis.

Microcystic adnexal carcinoma. Small
plaque on cheek. Slow-growing tumor that
can become quite large by the time of diagnosis

Sebaceous carcinoma. Yellowish patch often located
around the eye, in this case near the medial canthus.
These tumors may be seen in association with the
Muir-Torre syndrome.

recurrence rate of these tumors are unknown. After 
diagnosis and removal of these tumors, the patient 
should have long-term follow-up to evaluate for 
recurrence.

Adnexal tumors that have metastasized are treated 
with chemotherapy with or without radiotherapy. The 
prognosis is poor for patients who develop metastatic 
adnexal carcinoma.
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radiation on the endothelial DNA. No relation with 
human herpesvirus-8 infection has been proven.

Histology: All angiosarcomas share the same patho-
logical features. The tumor lobules are poorly circum-
scribed and have an infiltrative growth pattern. They 
contain large amounts of vascular tissue in a disorga-
nized arrangement. The lining of the vascular spaces 
contains atypical-appearing endothelial cells. Mitoses 
are frequently encountered, as are intracytoplasmic 

ANGIOSARCOMA

Angiosarcoma is a rare, aggressive, malignant tumor of 
vascular or lymphatic vessels. These tumors can be seen 
as a solitary finding or secondary to long-standing 
lymphedema, such as after radiation therapy or an axil-
lary or inguinal lymph node dissection. This latter form 
tends to occur years after the radiation or surgical pro-
cedure. Soft tissue sarcomas are very rare and make up 
a small percentage of all malignancies reported.

Clinical Findings: Angiosarcomas are most common 
in the older male population. They have no race predi-
lection. The tumors most commonly arise in the head 
and neck region and can manifest in many fashions. 
They often appear as a red to purple plaque with ill-
defined borders. They can often look like a bruise, and 
the diagnosis can be delayed. The tumor continues to 
expand, forms satellite foci of involvement, and eventu-
ally ulcerates and bleeds. For some reason, the scalp and 
face of older men are most commonly involved. The 
tumor has a propensity to involve sun-exposed areas of 
the face and scalp. The tumors typically show an 
aggressive growth pattern and have a tendency to 
metastasize early in the course of disease.

Angiosarcomas can also arise in regions of previous 
long-standing lymphedema caused by radiation expo-
sure or surgical procedures. Any procedure that can 
result in abnormal lymphatic drainage can lead to 
chronic lymphedema. It is believed that long-standing 
lymphedema can result in the development of angiosar-
coma. Common surgical procedures that cause chronic 
lymphedema are radical mastectomies and lymph node 
dissections of the axilla or groin after a diagnosis of 
lymph node involvement by breast cancer or mela-
noma. Angiosarcomas arising in areas of chronic 
lymphedema were first described by Stewart and Treves 
and have been given the eponym Stewart-Treves syn-
drome. This type of angiosarcoma is highly aggressive 
and portends a poor outcome. The Stewart-Treves type 
of angiosarcoma has been reported most commonly in 
women who have undergone radical mastectomy or 
lymph node dissection for treatment of breast cancer. 
After years of chronic lymphedema in the ipsilateral 
limb, the patient may develop a reddish, bruise-like area 
on the limb. This area slowly enlarges and develops 
plaque-like areas or nodules within the affected region. 
At this point, the diagnosis is often entertained, and the 
diagnosis is made with a skin biopsy. These tumors tend 
to be large at diagnosis, which most likely accounts for 
the poor prognosis.

Radiation-induced angiosarcomas may occur at the 
site of the radiation therapy or as a result of long-
standing chronic lymphedema if the radiation therapy 
interrupts the lymphatic drainage. These tumors also 
tend to be diagnosed after they have become quite large, 
and this portends a poor prognosis. These tumors tend 
to occur 4 to 10 years after the initial radiation therapy.

Pathogenesis: Angiosarcomas are soft tissue tumors 
that are derived from the endothelial lining of small 
blood or lymphatic vessels. Some tumors are found to 
have elevated levels of vascular endothelial growth 
factor (VEGF), which is critical in the regulation of 
vessel growth. Other potential players in the pathogen-
esis of this tumor are mast cells, which cause an increase 
in stem cell factor; Fas and Fas ligand expression; and 
lack of the vascular endothelial cadherin protein. All of 
these factors may interact in an unknown way to induce 
tumorigenesis. The exact mechanism of formation of 
angiosarcoma is unknown. Radiation-induced angiosar-
coma may result from a direct mutagenic effect of the 

Hemangio-
endothelioma. Central
hyperplastic capillary
surrounded by
malignant endothelial
cells. (H&E stain)

Hemangio-
pericytoma.
Eccentric hyper-
chromatic nuclei
of pericytic cells
surrounding
vascular spaces.
(H&E stain)

Stewart-Treves syndrome.
Plaque on chronic edematous
arm. The chronic lymphedema
is secondary to prior
mastectomy and axillary
lymph node dissection.

Angiosarcoma arising from the scalp
of a 65-year-old man. Red indurated
plaque with a central crust due to
underlying ulceration of the tumor.
These tumors can be very aggressive.

lumina. The same tumor can contain well and poorly 
differentiated regions.

Treatment: The standard treatment is wide local 
excision with the goal of obtaining clear margins. This 
is usually followed by postoperative radiation therapy. 
The 5-year survival rate is low (15%-20%). Tumors 
that are metastatic or nonoperable can be treated pallia-
tively with various chemotherapeutic regimens. The 
median survival time in these cases is 3 to 6 months.
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medical advice. These tumors can mimic the appear-
ance of scar tissue, which can also hinder making the 
diagnosis. Eventually, the tumor enlarges enough to 
cause ulceration or superficial erosions, and the diagno-
sis is made. The sclerotic BCC is often much larger 
than the other variant types at the time of diagnosis.

The most important genetic syndrome associated 
with the development of BCCs is the nevoid BCC 

BASAL CELL CARCINOMA

Basal cell carcinoma (BCC) is the most common malig-
nancy in humans. Its true incidence is unknown, but the 
number of BCCs diagnosed each year easily surpasses 
the number of all other malignancies combined. It is 
estimated to affect approximately 25% to 33% of the 
U.S. Caucasian population over their lifetimes. The 
yearly number of BCCs diagnosed is quickly approach-
ing 1 million. BCC rarely metastasizes or causes mor-
tality. The real crisis it presents is in the significant 
morbidity and cost to the health care system. The vast 
majority of these lesions are located on the head and 
neck region and are of considerable cosmetic concern. 
The major morbidity involved is the significant disfig-
urement that these locally invading tumors can inflict.

Clinical Findings: The prototypical BCC is described 
as a pearly red papule with telangiectasias that has a 
rolled border and a central dell or ulceration. They 
occur with highest frequency in sun-exposed areas of 
the skin. Most BCCs start as a small red macule or 
papule and slowly enlarge over months to years. Once 
this occurs, the tumor may be friable and may bleed 
easily with superficial trauma. The tumors most com-
monly range in size from 1â•¯mm to 1â•¯cm. However, 
neglected tumors can be enormous and have been 
reported to cover areas up to 60â•¯cm2 or more. They 
affect males and females with equal frequency. BCCs 
are more common in individuals with Fitzpatrick type 
I skin and decrease in frequency as one moves across 
the skin type spectrum. Fitzpatrick type VI skin has the 
lowest incidence of BCC, but these individuals still can 
develop these tumors. BCCs occur with an increasing 
frequency with age. They are uncommon in childhood, 
with the exception of the association of childhood 
BCCs with the nevoid BCC syndrome (also called basal 
cell nevus syndrome or Gorlin’s syndrome).

The tumors are most likely to occur (>80%) on the 
head and neck region. The trunk is the next most 
common area. The vermilion border, the palms and 
soles, and the glans theoretically should not develop 
BCCs because these areas are devoid of hair; however, 
they can be affected by direct extension from a neigh-
boring tumor. These tumors rarely metastasize, and 
those that do are most often neglected large tumors or 
tumors in immunosuppressed patients. BCC most com-
monly metastasizes to regional lymph nodes and the 
lung.

Many clinical variants of BCC exist, including super-
ficial, pigmented, nodular, and sclerotic or morphea-
form variants. There are many other histological 
variants. Clinically, a superficial BCC manifests as a 
very slowly enlarging, pink or red patch without eleva-
tion or ulceration. If left alone for a long enough period, 
it will develop areas of nodularity or ulceration. Nodular 
BCCs are probably the most common variant; they 
manifest as the classic pearly papule with telangiectasias 
and central ulceration. The pigmented variant can 
mimic melanoma and is often described as a brown or 
black papule or plaque with or without ulceration. Early 
on, these types of BCCs can appear as pearly papules 
or plaques with minute flecks of brown or black pig-
mentation. Patients with the sclerotic or morpheaform 
version often have larger tumors at presentation because 
of their slow, inconspicuous growth pattern. These 
slow-growing tumors are almost skin colored and have 
ill-defined borders. They tend not to ulcerate until they 
have become large, and this often delays the seeking of 

Epicranial aponeurosis (galea aponeurotica)

Frontal belly (frontalis) of epicranius muscle

Procerus muscle

Corrugator supercilii muscle

Orbital part
Palpebral part

of orbicularis oculi muscle

Levator labii superioris muscle

Transverse part
Alar part

of nasalis muscle

Levator labii superioris muscle

Auricularis anterior muscle

Zygomaticus minor muscle

Zygomaticus major muscle

Levator anguli oris muscle

Depressor septi nasi muscle

Buccinator muscle

Risorius muscle

Orbicularis oris muscle

Depressor anguli oris muscle

Depressor labii inferioris muscle

Mentalis muscle

Platysma muscle

Course of wrinkle lines of skin is transverse
to fiber direction of facial muscles. Elliptical
incisions for removal of skin tumors conform
to direction of wrinkle lines.

BASIC FACIAL ANATOMY

syndrome. This syndrome is inherited in an autosomal 
dominant fashion and is caused by a defect in the patched 
1 gene, PTCH1. This gene is located on chromosome 
9q22. It encodes a tumor suppressor protein that plays 
a role in inhibition of the sonic hedgehog signaling 
pathway. A defect in the patched protein allows for 
uncontrolled signaling of the smoothened protein  
and an increase in various cell signaling pathways, 
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Superficial basal cell carcinoma. Slightly scaly
pink to red patch. These tumors are slow growing
and occur on chronically sun-exposed skin.

Basophilic tumor lobules and
strands extending from the
epidermis into the dermis

Basophilic tumor lobules within the
dermis showing slight retraction
artifact and peripheral palisading

Nodular basal cell carcinoma. Pearly plaque with
telangiectatic central ulceration, and rolled border

CLINICAL AND HISTOLOGICAL EVALUATION OF BASAL CELL CARCINOMA

ultimately culminating in the development of BCCs. 
Patients with nevoid BCC syndrome also may have 
odontogenic cysts of the jaw, palmar and plantar pitting, 
various bony abnormalities, and calcification of the falx 
cerebri. Frontal bossing, mental delay, and ovarian 
fibromas are only a few of the associated findings that 
can be seen in this syndrome.

Other rare syndromes in which BCCs can be seen 
include xeroderma pigmentosa, Bazek’s syndrome, and 
Rombo syndrome.

Pathogenesis: Risk factors associated with the devel-
opment of BCC include cumulative exposure to ultra-
violet radiation and ionizing radiation. In the past, 
arsenic exposure was a well-recognized cause of BCCs, 
and arsenic pollution is still a concern in some areas of 
the world. Since the advent of organ transplantation, 
there has been an increase in the development of skin 
cancers in immunosuppressed organ recipients. The 
incidences of BCC, squamous cell carcinoma, and mel-
anoma are all increased in these chronically immuno-
suppressed patients. Mutations of various genes have 
also been implicated in the pathogenesis of BCCs, 
including PTCH1, p53 ( TP53), sonic hedgehog (SHH), 
smoothened (SMO), and the glioma-associated oncogene 
homolog 1 (GLI1). However, it is still believed that most 
BCCs are sporadic in nature.

The greatest amount of information is known about 
the pathogenesis of BCC in the nevoid BCC syndrome. 
The genetic defect in the PTCH1 gene allows for 
uncontrolled signaling of the smoothened signaling 
pathway. This pathway initiates uncontrolled signaling 
of the GLI1 transcription factors, which ultimately 
leads to uncontrolled cell proliferation.

Histology: Many histological subtypes have been 
described, and a tumor can show evidence of more than 
one subtype. The most common subtypes are the 
nodular and superficial types. These tumors arise from 
the basaloid cells of the follicular epithelium. The 
tumor always shows an attachment to the overlying 
epidermis. The tumor extends off the epidermis as 
tumor lobules. These lobules are basophilic in nature 
and show clefting between the basophilic cells and the 
surrounding stroma. The cells have a characteristic 
peripheral palisading appearance. The cells in the 
center of the tumor lobules are disorganized. The ratio 
of nuclear to cytoplasmic volume in the tumor cells is 
greatly increased. Mitoses are present, and larger 
tumors usually have some evidence of overlying epider-
mal ulceration. The tumor is contiguous and does not 
show skip areas. The nodular form of this tumor 
extends into the dermis to varying degrees, and its 
depth of penetration is dependent on the length of time 
it has been present.

The superficial type is also quite common. The 
tumor does not extend into the underlying dermis but 
appears to be hanging off the bottom edge of the epi-
dermis. It has not yet penetrated the dermal-epidermal 
barrier. There are numerous other histological subtypes 
of BCC including micronodular, adenoid, cystic, pig-
mented, infiltrative, and sclerosing varieties.

Treatment: Various surgical and medical options are 
available, and the therapy should be based on the loca-
tion and size of the tumor and the wishes of the patient. 
Tumors on the face are most often treated with Mohs 
micrographic surgery. This surgical technique allows 

for the highest cure rate and is tissue sparing, resulting 
in the smallest possible scar. It is more labor intensive 
than a routine elliptical excision. Most BCCs can be 
treated with an elliptical excision or electrodessication 
and curettage.

Medical therapy with imiquimod or 5-fluorouracil 
has also been shown to be useful in selected BCCs, 

usually the small, superficial type. One of the newest 
treatments is photodynamic therapy. It is performed by 
applying aminolevulinic acid to the skin tumor and then 
exposing the area to visible blue light. An oral inhibitor 
of the smoothened protein, called GDC-0449, has 
shown excellent results in patients with the nevoid BCC 
syndrome.

BASAL CELL CARCINOMA 
(Continued)
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follicle epithelium, and care must be taken when evalu-
ating these lesions histologically not to mistake this 
finding for dermal invasion. Various amounts of cellular 
atypia are present.

Treatment: Treatments can be divided into surgical 
and nonsurgical forms. The choice depends on various 
factors, most importantly the location and size of the 
lesion. Some tumors are best treated surgically, whereas 
others are best treated medically.

BOWEN’S DISEASE

Bowen’s disease is a variant of cutaneous squamous cell 
carcinoma (SCC) in situ that occurs on non–sun-
exposed regions of the body. That strict definition is 
not always followed, and the term Bowen’s disease is often 
used interchangeably with squamous cell carcinoma in situ. 
SCC in situ is often derived from its precursor lesion, 
the actinic keratosis. Actinic keratosis is differentiated 
from SCC in situ and Bowen’s disease by its lack of 
full-thickness keratinocyte atypia, which is the hallmark 
of Bowen’s disease and SCC in situ.

Clinical Findings: Bowen’s disease can occur on hair-
bearing and non–hair-bearing skin, and the clinical 
appearance in various locations can be entirely differ-
ent. Bowen’s disease on hair-bearing skin often starts as 
a pink to red, well-demarcated patch with adherent 
scale. Women are most commonly affected, and it 
occurs later in life. Multiple lesions can occur, but it is 
far more common to see this as a solitary finding. 
Erythroplasia of Queyrat is a regional variant of Bowen’s 
disease that occurs on the glans penis. These lesions 
tend to be glistening red with crusting. The area is 
often well circumscribed. The diagnosis is often delayed 
because the lesion is easily confused with dermatitis, 
psoriasis, and cutaneous fungal infections. A biopsy 
should be performed on any nonhealing lesion or rash 
in the genital region. It has been estimated that up to 
5% of untreated Bowen’s disease lesions will eventually 
develop an invasive component.

The relationship between Bowen’s disease and inter-
nal malignancy has come under scrutiny; if it exists at 
all, it is likely a consequence of the use of arsenic in the 
past. Patients with a history of arsenic ingestion are at 
a higher risk of developing Bowen’s disease and internal 
malignancy. Now that arsenic exposure is limited in 
most developed countries, the association between 
Bowen’s disease and internal malignancy is thought to 
be unlikely.

Most SCCs in situ are found on sun-exposed areas of 
the skin and develop directly from an adjacent actinic 
keratosis. Some SCCs in situ eventually develop into an 
invasive form of SCC. This is clinically evident by 
increased thickness, bleeding, and pain associated with 
the lesion.

Pathogenesis: Exposure to arsenic and other carcino-
gens has been implicated in the development of Bowen’s 
disease. Certainly, ultraviolet radiation and other forms 
of radiation play a role in the its pathogenesis. Human 
papillomavirus (HPV) has been implicated in causing 
many forms of SCC. The oncogenic viral types 16, 18, 
31, and 33 are notorious for causing mutagenesis and 
malignancy in cervical and some other genital SCCs. 
HPV vaccines may decrease the incidence of these 
tumors dramatically in the future. HPV can cause cel-
lular transformations to occur and is directly responsi-
ble for tumorigenesis.

Histology: Bowen’s disease shows full-thickness 
atypia of the keratinocytes within the epidermis. No 
dermal invasion is present. The underlying dermis may 
show a lymphocytic perivascular infiltrate. The atypia 
of the keratinocytes extends down to involve the hair 

Erythroplasia of Queyrat

Early carcinoma of lip. Squamous cell
carcinoma in situ is common on the lower lip.

Bowen’s disease (squamous cell carcinoma in
situ) showing full-thickness atypia of the epi-
dermal keratinocytes. Note that the tumor does
not invade the dermis. 

Squamous cell carcinoma. Tumor invading the
dermis.

Perianal Bowen’s disease can have an insidious
onset and be misdiagnosed as tinea or dermatitis.
Biopsy of any rash not responding to therapy
should be a consideration for the treating clinician. 

Large crateriform squamous cell carcinoma.
These tumors can be locally invasive and 
destructive. On occasion they can also
metastasize. 

Simple excision or electrodessication and curettage 
are highly effective treatments. Cryotherapy is another 
destructive method that can be selectively used with 
good success. Medical therapies include the application 
of 5-fluorouracil, imiquimod, or 5-aminolevulinic  
acid followed by exposure to blue light. These all have 
been reported to be successful. The risk of recurrence 
is between 3% and 10% depending on the type of 
therapy used.
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with visible mitoses. Evidence of HPV infection is 
almost universally seen as cells mimicking vacuolated 
koilocyte cells. Special techniques such as polymerase 
chain reaction (PCR) can be used to look for HPV 
subtyping.

Treatment: After biopsy has ruled out an invasive 
component to this tumor, the main treatment of 
bowenoid papulosis is to clinically remove the areas  
of involvement. The importance of decreasing HPV 

BOWENOID PAPULOSIS

Bowenoid papulosis is considered to be a special variant 
of squamous cell carcinoma (SCC) in situ that is caused 
by the human papillomavirus (HPV) and is located pre-
dominantly in the genital region, particularly on the 
penile shaft. As with other HPV-induced genital skin 
cancers, HPV 16, 18, 31, and 33 are the more common 
viral types, although many other subtypes have been 
found in these lesions. Bowenoid papulosis is consid-
ered by some to be a precancerous lesion with a low 
risk of developing invasive properties and by others  
as a true SCC in situ. This lesion does have a low  
risk of invasive transformation; if it is treated, the prog-
nosis is excellent. It is believed that approximately  
1% of all bowenoid papulosis lesions will develop into 
invasive SCC.

Clinical Findings: Bowenoid papulosis is most com-
monly found in men in the third through sixth decades 
of life. There is no racial preference. It is believed to 
be more common in patients who have had multiple 
sexual partners because of their increased risk for expo-
sure to HPV. It is too soon to determine whether  
vaccination against HPV has resulted in any changes in 
the incidence of bowenoid papulosis. The lesions are 
most common in males on the shaft of the penis and  
in females on the vulva. They are typically well-
circumscribed, slightly hyperpigmented macules and 
papules that occasionally coalesce into larger plaques. 
Minimal surface change is noted. They are often found 
in association with genital warts and can be difficult to 
distinguish from small genital warts. The cause of 
bowenoid papulosis is thought to be transformation of 
the keratinocyte caused by HPV, and therefore lesions 
of bowenoid shed HPV and are contagious.

The lesions are rarely symptomatic and are usually 
brought to a physician’s attention because of the 
patient’s concern for genital warts. For undefined 
reasons, circumcision appears to help prevent penile 
cancer. It has been theorized that the uncircumcised 
male is at higher risk for penile carcinoma because of 
retention of smegma and chronic maceration, which 
can provide a portal for HPV infection, in conjunction 
with chronic low-grade inflammation.

Pathogenesis: Almost all lesions of bowenoid papu-
losis have evidence of HPV. HPV subtype 16 is by far 
the most predominant HPV type found in bowenoid 
papulosis. Cells of the genital region that are chroni-
cally infected with HPV express various proteins that 
are critical in the transformation into cancer. The best-
studied HPV oncoproteins, the E6 and E7 proteins,  
can disrupt normal cell signaling in the p16 (TP16)  
and retinoblastoma (RB) pathways. This disruption can 
lead to a loss of control of cell signaling and loss of 
normal apoptosis. These alterations eventually result in 
loss of the normal cell processes and the development 
of cancer.

Histology: The histology is almost the same as that 
of SCC in situ. There is full-thickness atypia of the 
epidermis with involvement of the adnexal structures 
and a well-intact basement membrane zone. Varying 
amounts of epidermal acanthosis and hyperkeratosis are 
seen. The cells are often enlarged and pleomorphic 

transmission to the patient’s sexual partners must be 
addressed. Condoms should be used at all times to  
help decrease the risk of transmission. Topical therapy 
with 5-fluorouracil or imiquimod has been advocated 
as the first-line therapy. Surgical treatment with  
electrocautery, cryotherapy, or laser ablation has also 
been reported to be successful. Both patients and their 
sexual partners should be seen for routine follow-up 
examinations.

Cancer in situ showing oblique line of
transition

Squamous cell cancer showing pearl formation

Papilloma of cervix. Some papillomas may pre-
dispose to cervical malignancy.

Changes suggestive of carcinoma in situ. Abnormal
vasculature with leukoplakia, mosaicism, and
punctation

Bowenoid papulosis. Slightly hyperpigmented
papules on the shaft of the penis
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process that depends on the production of multiple 
growth factors and evasion of the patient’s immune 
system.

Histology: The diagnosis of cutaneous metastasis is 
almost always made by the pathologist after histological 
review. Each tumor is unique, and the histological 
picture depends on the primary tumor.

Treatment: Solitary cutaneous metastases can be 
surgically excised. The risk of recurrence is high, and 

CUTANEOUS METASTASES

Metastasis to the skin is an uncommon presentation of 
internal malignancy. Cutaneous metastases are far more 
likely to be seen in a patient with a diagnosis of previ-
ously metastatic disease. The frequency of cutaneous 
metastasis is dependent on the primary tumor. Almost 
all types of internal malignancy have been reported  
to metastasize to the skin; however, a few types of 
cancers account for the bulk of cutaneous metastases. 
The distribution of the metastases is also dependent on 
the original tumor. The most common form of skin 
metastasis is from an underlying, previously metastatic 
melanoma.

Clinical Findings: Most cutaneous metastases mani-
fest as slowly enlarging, dermal nodules. They are 
almost always firm and have been shown to vary in 
coloration. Some nodules eventually develop necrosis, 
ulcerate, and spontaneously bleed. Skin metastasis can 
occur as a direct extension from an underlying maliÂ�
gnancy or as a remote focus of tumor deposition. 
Although skin metastasis often arises in the vicinity of 
the underlying primary malignancy, the location of 
tumor metastases is not a reliable means of predicting 
the primary source. The scalp is a common site, prob-
ably because of its rich vascular flow.

Sister Mary Joseph nodule is a name given to a perium-
bilical skin metastasis from an underlying abdominal 
malignancy. This is a rare presentation that was first 
described by an astute nun at St. Mary’s Hospital at the 
Mayo Clinic. This has been described to occur most 
commonly with ovarian carcinoma, gastric carcinoma, 
and colonic carcinoma.

Melanoma metastases are usually pigmented and 
tend to occur in groups. Cutaneous metastasis from 
melanoma can manifest with the rapid onset of multiple 
black papules and macules that continue to erupt. As 
the tumors progress, patients can develop a generalized 
melanosis. This is a universally fatal sign that occurs 
late in the course of disease. It is believed to be caused 
by the systemic production of melanin with deposition 
in the skin.

Breast carcinoma is another form of malignancy that 
frequently metastasizes to the skin. Breast carcinoma 
tends to affect the skin within the local region of the 
breast by direct extension.

Pathogenesis: The exact reason why some tumors 
metastasize to the skin is unknown. This is a complex 
biological process that is dependent on many variables. 
Metastases are likely to be dependent on size, ability to 
invade surrounding tissues (including blood and lym-
phatic vessels), and ability to grow at distant sites far 
removed from the original tumor. This is an intricate 

Fulminant erysipeloid 
cancer from an
underlying breast
carcinoma

Recurrent 
cancer

Invasion of dermal lymphatics and
lining up of tumor cells between
collagen bundles

Inflamed skin

Carcinoma
forming along
surgical wound

Colonic adenocarcinoma
metastatic to the flank

adjunctive chemotherapy and radiotherapy should be 
considered. Palliative surgical excision can be under-
taken for any cutaneous metastases that are painful, 
ulcerated, or inhibiting the patient’s ability to function. 
The prognosis for patients with cutaneous metastasis is 
poor. The overall survival rate for multiple cutaneous 
metastases has been reported to be 3 to 6 months. The 
length of survival is increasing now because of improved 
treatments.
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the platelet-derived growth factor B-chain (PDGFB) gene 
with the collagen type I α1 (COL1A1) gene. This trans-
location directly causes the PDGFB gene to be under 
control of the COL1A1 gene. PDGFB is then overex-
pressed, and it drives a continuous stimulation of its 
tyrosine kinase receptor.

Histology: Dermatofibrosarcoma protuberans shows 
an infiltrative growth pattern. It invades the subcutane-
ous fat tissue. The tumor cells can be seen encasing 
adipocytes. The tumor is poorly circumscribed, and its 
borders can be difficult to distinguish from normal 
dermis. The tumor itself is made up fibroblasts arranged 
in a storiform pattern. These tumors stain positively 
with the CD34 immunohistochemical stain and are 
negative for factor XIII. These two stains are often used 

DERMATOFIBROSARCOMA 
PROTUBERANS

Dermatofibrosarcoma protuberans is a rare cutaneous 
malignancy that is locally aggressive. The tumor is 
derived from the dermal fibroblast, and it is not believed 
to arise from previously existing dermatofibromas. Der-
matofibrosarcoma protuberans rarely metastasizes, but 
it has a distinctive tendency to recur locally.
Clinical Findings: Dermatofibrosarcoma protuberans 
is a slow-growing, locally aggressive malignancy of the 
skin. These tumors are low-grade sarcomas and make 
up approximately 1% of all soft tissue sarcomas. The 
tumor is found equally in all races and affects males 
slightly more often than females. Most tumors grow so 
slowly that the patient is not aware of their presence for 
many years. The tumor starts off as a slight, flesh-
colored thickness to the skin. Over time, the tumor 
enlarges and has a pink to slightly red coloration. It 
slowly infiltrates the surrounding tissue, particularly the 
subcutaneous tissue. If the tumor is allowed to grow 
long enough, the malignancy will grow into the fat  
and then back upward in the skin to develop satellite 
nodules surrounding the original plaque. This is often 
the reason a patient seeks medical care. The tumor 
tends to grow slowly for years, but it can hit a phase  
of rapid growth. This rapid growth phase allows the 
tumor to grow in a vertical direction, and hence the 
term protuberans is applied. If medical care is not under-
taken, the tumor will to continue to invade the deeper 
structures, eventually invading underlying tissue, 
including fascia, muscle, and bone.

Dermatofibrosarcoma protuberans is, for the most 
part, asymptomatic in the initial phases of the tumor. 
As it enlarges, the patient may notice an itching sensa-
tion or, less frequently, a burning sensation or pain. As 
the tumor enlarges, patients often notice tightness of 
the skin or a thickening sensation; however, this devel-
opment is so slow that most patients ignore it for many 
more months or even years. The differential diagnosis 
is often between dermatofibrosarcoma protuberans and 
a keloid or hypertrophic scar. The atrophic variant can 
often be confused with morphea. One clue to the diag-
nosis of dermatofibrosarcoma is the loss of hair follicles 
within the tumor region. The adnexal structures are 
crowded out by the ever-expanding tumor. If the tumor 
is allowed to enlarge enough, it will begin to outgrow 
its blood supply, and ulceration and erosions develop 
thereafter. The tumors have ill-defined borders, and 
determining the extent of the tumor clinically can be 
challenging or impossible. A punch biopsy of the tumor 
leads to the appropriate pathological diagnosis. Meta-
static disease is uncommon; however, local recurrence 
after surgical excision remains an issue.

Pathogenesis: The exact pathogenesis is unknown. 
By genetic chromosomal tissue analysis, these tumors 
have been found to have a reciprocal translocation, 
t(17;22)(q22;q13.1), which is believed to be pathogenic 
in causing the tumor. The exact reason for this trans-
location is unknown. The translocation causes fusion of 

to differentiate dermatofibrosarcoma protuberans from 
the benign dermatofibroma, which has the opposite 
staining pattern. The stromolysein-3 stain is also used 
to help differentiate the two tumors; it is positive in 
cases of dermatofibroma and negative in cases of der-
matofibrosarcoma protuberans.

Treatment: Because of the ill-defined nature of the 
tumors and their often large size at diagnosis, wide local 
excision with 2- to 3-cm margins is often undertaken. 
Postoperative localized radiotherapy has been used to 
help decrease the recurrence rate. Imatinib has shown 
promise in dermatofibrosarcoma protuberans as a treat-
ment before surgery to help shrink large or inoperable 
tumors. There has also been anecdotal success with the 
use of imatinib in metastatic disease.

Dermatofibrosarcoma protuberans.
Slow-growing, irregularly shaped tumor

Dermatofibrosarcoma protuberans.
Ill-defined, slow-growing tumor.
Red-orange plaque with nodular and
atrophic regions

High power. Malignant spindle cells make
up the bulk of the tumor.

Low power. The tumor is seen invading the underlying
subcutaneous tissue. The storiform pattern is seen
throughout the dermal portions of the tumor.

Medium power. The storiform or 
cartwheel-arranged cells
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disease. Extramammary Paget’s disease is unique in that 
it stains positively with carcinoembryonic antigen 
(CEA) and also with some low-molecular-weight cyto-
keratins. It does not stain with S100, HMB-45, or 
melanin A. The staining pattern with cytokeratins 7 and 
20 has been used with some success to predict an under-
lying adenocarcinoma; however, the routine use of 
these tests is not clinically useful at this time.

Treatment: The prognosis for extramammary Paget’s 
disease depends on the stage of the tumor. Disease that 

MAMMARY AND EXTRAMAMMARY 
PAGET’S DISEASE

Extramammary Paget’s disease is a rare malignant 
tumor that typically occurs in areas with a high density 
of apocrine glands. It is most commonly an isolated 
finding but can also be a marker for an underlying 
visceral malignancy of the gastrointestinal or genitouri-
nary tract. Paget’s disease is an intraepidermal adeno-
carcinoma confined to the breast; it is commonly 
associated with an underlying breast malignancy.

Clinical Findings: Extramammary Paget’s disease 
is most often found in the groin or axilla. These two 
areas have the highest density of apocrine glands. It is 
believed that extramammary Paget’s disease has an  
apocrine origin. There is no race predilection. These 
tumors most commonly occur in the fifth to seventh 
decades of life. Women are more often affected than 
men. The diagnosis of this tumor is often delayed 
because of its eczematous appearance. It is often misdi-
agnosed as a fungal infection or a form of dermatitis. 
Only after the area has not responded to therapy is the 
diagnosis considered and confirmed by skin biopsy.

The tumor is slow growing and is typically a red-pink 
patch with a glistening surface. Itching is the most 
common complaint, but patients also complain of pain, 
burning, stinging, and bleeding. The area is sore to the 
touch, and there are areas of pinpoint bleeding with 
friction. The red, glistening surface often has small 
white patches. This has been described as the “straw-
berries and cream” appearance, and it is characteristic 
of extramammary Paget’s disease. As the cancer pro-
gresses, erosions develop within the tumor, and  
occasionally ulcerations form. The clinical differential 
diagnosis is often among Paget’s disease, an eczematous 
dermatitis, inverse psoriasis, and a dermatophyte infec-
tion. A skin biopsy is required for any rash in these 
regions that does not respond to therapy.

The tumor is often a solitary finding; however, it can 
be seen in conjunction with an underlying carcinoma, 
most commonly adenocarcinoma of the gastrointestinal 
or genitourinary tract. Rectal adenocarcinoma has been 
the most frequently reported underlying tumor. The 
percentage of these tumors that are associated with an 
underlying malignancy is not known but is estimated to 
be low. Appropriate screening tests must be performed 
to evaluate for these associations. Usually, the underly-
ing tumor is diagnosed before the extramammary 
Paget’s disease or at the same time of diagnosis.

Pathogenesis: The exact mechanism of malignant 
transformation is unknown. Two leading theories exist 
as to the origin of the tumor. The first is that the tumor 
represents an intraepidermal adenocarcinoma of apo-
crine gland origin. The second theory is that an under-
lying adenocarcinoma spreads to the skin and forms an 
epidermal component that manifests as extramammary 
Paget’s disease. Although most believe this tumor to be 
of apocrine origin, controversy surrounds this theory, 
and the exact cell of origin is still unknown. There are 
no known predisposing factors.

Histology: The histology is diagnostic of the disease; 
however, the pathological appearance often mimics that 
of melanoma in situ or squamous cell carcinoma. There 
are a plethora of pale-staining Paget’s cells scattered 
throughout the entire epidermis. This type of pagetoid 
spread of cells is often seen in melanoma. The cells can 
be clustered together and can have the appearance of 
forming glandular structures. Immunohistochemical 
staining is often used to differentiate melanoma and 
squamous cell carcinoma from extramammary Paget’s 

is localized to the skin has an excellent prognosis. The 
treatment of choice is wide local excision. The risk of 
recurrence is high, and lifelong clinical follow-up is 
required. The prognosis for disease associated with  
an underlying adenocarcinoma is dependent on the 
stage of the underlying tumor. Lesions associated with 
an underlying malignancy have a worse prognosis. 
Metastatic disease has a poor prognosis, and various 
chemotherapeutic regimens have been tried with and 
without radiotherapy.

Eczematous type 
of Paget’s disease

Ulcerating type
of Paget’s disease

Paget cells in epidermis (arrows) Duct invasion

Extramammary Paget’s disease. 
Glistening red plaque with super-
ficial adherent white patches
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endothelial cells, allowing them to proliferate uncon-
trolled by normal immune functions.

Histology: Biopsies of Kaposi’s sarcoma show many 
characteristic findings. The promontory sign is often 
seen; it is represented by plump endothelial cells jutting 
into the lumen of the capillary vessel. Many slit-like 
spaces are also seen. These spaces represent poorly 
formed blood vessels, which are thin walled and easily 
compressed. They are filled with red blood cells. The 
tumor in general is very vascular, with a predominance 

KAPOSI’S SARCOMA

Kaposi’s sarcoma is a rare malignancy of endothelial 
cells seen in unique settings. The classic variant is seen 
in older patients, most commonly individuals living in 
the region surrounding the Mediterranean Sea. Kaposi’s 
sarcoma associated with human immunodeficiency virus 
(HIV) infection or with acquired immunodeficiency 
syndrome (AIDS) is seen predominantly in men, and 
the tumor is thought to be caused by human herpesvirus-8 
(HHV8). There is also a variant seen in chronically 
immunosuppressed patients, such as those who have 
undergone solid organ transplantation. The African 
cutaneous variant of Kaposi’s sarcoma is seen in younger 
men in their third or fourth decade of life. Kaposi’s 
sarcoma is a locally aggressive tumor that rarely has a 
fatal outcome. The one exception is the very rare 
African lymphadenopathic form of Kaposi’s sarcoma, 
which is distinct from the more common African cuta-
neous form.

Clinical Findings: The tumors are very similar in 
appearance across the subtypes of clinical settings. They 
usually appear as pink-red to purple macules, papules, 
plaques, or nodules. In the classic form of Kaposi’s 
sarcoma, the tumors are most often found on the lower 
extremities of older men. Some tumors in this setting 
remain unchanged for years, and the patient often dies 
of other causes. Occasionally, the tumors grow and 
ulcerate, causing pain and bleeding. The disseminated 
form of classic Kaposi’s sarcoma can be very aggressive, 
and patients require systemic chemotherapy.

AIDS-associated Kaposi’s sarcoma is the most 
common form of the disease. It is most often seen in 
younger men. In comparison with the classic form, this 
form usually manifests as purple macules, plaques, and 
nodules on the head and neck, trunk, and upper extrem-
ities. This is an AIDS-defining illness. Patients with 
AIDS-associated Kaposi’s sarcoma are at a higher risk 
for internal organ involvement. The small bowel has 
been reported to be the internal organ most commonly 
affected by Kaposi’s sarcoma, but it can affect any organ 
system. Since the advent of multiple-drug therapy for 
HIV infection, the incidence of AIDS-associated Kapo-
si’s sarcoma has decreased dramatically.

Tropical African cutaneous Kaposi’s sarcoma is most 
often seen in younger men. The clinical findings are not 
much different from those of the classic form of Kapo-
si’s sarcoma. These patients are much more likely to 
suffer from severe lower-extremity edema. The tumor 
also has a higher incidence of bone invasion than the 
other types. The main difference between the classic 
and the African forms of Kaposi’s sarcoma is the age at 
onset. The aggressive form of African Kaposi’s sarcoma 
occurs in childhood and is often fatal because of its 
aggressive ability to metastasize. The lymph nodes are 
often involved before the skin is. The reason the 
African forms act so differently from each other is 
poorly understood.

Pathogenesis: The pathogenesis of the classic and 
African forms of Kaposi’s sarcoma is unknown. The cell 
of origin of this tumor is believed to be the endothelial 
cell. Matrix metalloproteinases 2 and 9 have been shown 
to increase angiogenesis and increase the tissue invasion 
of the affected endothelial cells. Kaposi’s sarcoma asso-
ciated with AIDS or other immunosuppressive states is 
believed to be caused by the action of HHV8 in a geneti-
cally predisposed individual. HHV8 is thought to cause 
dysregulation of the immune response in the afflicted 

Kaposi’s sarcoma.
Classic Kaposi’s sarcoma presenting
on the lower extremity as purplish 
papules, plaques, and nodules

Low power. An abnormal proliferation of blood vessels
with slitlike spaces and extravasation of red blood cells

High power. Plump endothelial cells, with mutiple
abnormal-appearing blood vessels in a disorganized
pattern. Multiple extravasated red blood cells are
appreciated.

of vascular spaces and a large amount of red blood cell 
extravasation into the dermis.

Treatment: For classic Kaposi’s sarcoma, the main-
stay of therapy has been localized radiation treatment. 
Many other treatments have been advocated, including 
topical alitretinoin, imiquimod, intralesional vincris-
tine, and interferon. Systemic chemotherapy for dis-
seminated and aggressive forms is indicated and is 
usually based on a regimen of either vinblastine, pacli-
taxel, bleomycin, or pegylated liposomal doxorubicin.
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evidence to suggest that the tumors, like hair follicles, 
are under a preset growth and involution control 
system. The hair follicle grows to a certain point, after 
which a signal stops the growth of the hair, the follicle 
is shed, and a new hair shaft is formed. Perhaps the 
growth and involution of keratoacanthomas is analo-
gous to the turnover of hair follicles. Keratoacanthomas 
are also seen with an increased incidence in Muir-Torre 
syndrome. It is possible that the genetic defect in these 
patients may play a role in the pathogenesis of 
keratoacanthomas.

Histology: The tumor is typically a cup-shaped exo-
phytic nodule that has a prominent keratin-filled plug. 
The borders of the tumor are well circumscribed. The 
tumor is symmetric. Neutrophilic abscesses within the 

KERATOACANTHOMA

The keratoacanthoma is a rapidly growing malignant 
tumor of the skin that is derived from the keratinocyte. 
The tumor is believed by many to be a subset of squa-
mous cell carcinoma of the skin, but its natural history 
and morphology are distinct enough to merit a separate 
discussion. Most keratoacanthomas are solitary, but 
many rare variants have been well documented. These 
variants include the Ferguson-Smith, Witten-Zak, and 
Grzybowski syndromes.

Clinical Findings: The classic solitary keratoacan-
thoma starts as a small, flesh-colored papule that rapidly 
enlarges to form a crateriform nodule with a central 
keratin plug. The tumor is unique in that, if left alone, 
the keratoacanthoma will spontaneously resolve after a 
few weeks to months. The nonclassic form of keratoac-
anthoma does not spontaneously resolve, and it is inad-
visable to leave these tumors alone, because a high 
percentage will continue to enlarge. If left alone, these 
tumors can behave aggressively, with local invasion as 
well as distant metastasis. The most common area of 
metastasis is the regional lymph nodes. The most 
common variant of keratoacanthoma is the solitary 
variant. This almost exclusively occurs in sun-exposed 
regions of the body. The peak age at onset is in the fifth 
to sixth decades of life. These tumors are more common 
in the Caucasian population, and there is slight male 
preponderance.

Many unique variants of keratoacanthomas exist. 
Keratoacanthoma centrifugum marginatum is one such 
variant that manifests with an ever-expanding ridge of 
neoplastic tissue. As the tumor enlarges, it becomes an 
enormous-sized plaque with a peculiar raised border. 
These tumors can be massive and can encompass a large 
portion of a limb. This subtype presents a therapeutic 
challenge.

Multiple keratoacanthomas occur rarely and have 
been divided into three distinct subtypes. The Gryz-
bowski syndrome consists of multiple keratoacantho-
mas erupting in a generalized distribution, almost 
always in an adult. The Ferguson-Smith form consists 
of multiple keratoacanthomas occurring in an autoso-
mal dominant fashion. The keratoacanthomas are 
uniform in appearance and also form in a generalized 
pattern. The onset is in childhood, and the tumors  
have a higher chance of spontaneously resolving. The 
Witten-Zak syndrome also has an autosomal dominant 
inheritance pattern. The tumors are more variable in 
size and configuration than in the Ferguson-Smith 
subtype. The onset of this type is also in childhood.

Pathogenesis: The exact pathogenesis is unknown; 
however, the tumor has a keratinocyte cell origin. 
There is more evidence for the keratinocytes derived 
from hair follicle epithelium as the primary cell respon-
sible for the formation of this tumor. Keratoacanthomas 
have an increased incidence in patients with chronic 
ultraviolet exposure and in the chronically immunosup-
pressed. The classic keratoacanthoma is described as a 
self-resolving tumor. The reason that some of these 
tumors undergo autoinvolution is unknown. There is 

Solitary keratoacanthoma. Typical keratoacanthomas
manifest as crateriform nodules with hyperkeratosis
on sun-exposed skin.

Keratoacanthoma 
centrifugum
marginatum.
Unusual variant of
keratoacanthoma.
This tumor expands
outward as the
central portions
regress.

Low power. Cup-shaped invagination of the edpidermis, with
a central keratin core

High power. Atypical keratinocytes are seen throughout 
the epidermis.

outer layers of the involved epidermis are a character-
istic finding in keratoacanthomas. The keratinocytes 
that make up the bulk of the tumor have a glassy cyto-
plasm with large amounts of glycogen. Other unique 
findings in this tumor are the presence of plasma cells 
and eosinophils and the elimination of elastic fibers 
through the overlying epidermis.

Treatment: After a keratoacanthoma has been biop-
sied, the treatment of choice is surgical removal. This 
can be done with a standard elliptical excision or with 
Mohs micrographic surgery. Intralesional methotrexate 
and oral retinoids have been used in refractory cases 
and in individuals who cannot tolerate surgery. The 
familial forms of keratoacanthoma often require long-
term retinoid therapy to keep the tumors at bay.
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MELANOMA

Malignant melanoma is one of the few types of cancers 
that has continued to increase in incidence over the past 
century. Currently, the incidence of melanoma in the 
United States is 1 in 75 Caucasians; this is projected  
to continue to increase over the next few decades. 
However, the rate of mortality from melanoma has 
dropped, probably as a result of early detection and 
surgical intervention. According to cancer registries, 
melanoma ranks sixth in incidence for men and seventh 
for women. Melanoma is the most common cancer in 
women aged 25 to 30 years. Approximately 700,000 
cases of melanoma were diagnosed in the United States 
in 2009, and approximately 9000 people died from 
complications directly related to melanoma.

Clinical Findings: Melanoma follows a characteristic 
growth pattern. The tumor arises de novo from previ-
ously normal skin in approximately 60% of cases and 
from preexisting melanocytic nevi in the remaining 
40% of cases. Melanoma is uncommon in children, the 
one exception being melanoma arising from giant con-
genital nevi. The incidence of melanoma peaks in the 
third decade of life and remains fairly stable over the 
next 5 decades. There is no gender predilection. Mela-
noma is more common in the Caucasian population. 
There are regional variances in distribution of mela-
noma. The back is more commonly involved in men 
and the posterior lower legs in women. However, mela-
noma has been described to occur in any area of the 
skin and mucous membranes. Melanoma has also been 
shown to develop within the retinal melanocytes, 
causing retinal melanoma. This rare tumor is often 
found incidentally on routine ophthalmological 
examination.

Melanoma has been described using the ABCDE 
mnemonic: asymmetric, irregular border, variation in 
color, diameter greater than 6â•¯mm, and evolving or 
changing. These are rough guidelines and are not 
meant to be used to diagnose melanoma. They are 
intended to be used by the lay public to increase aware-
ness and as a method to screen for melanoma. Some 
melanomas have all of the ABCDE characteristics, and 
some have only one or two of them. Some variants of 
melanoma do not follow the ABCDE rules at all, but 
these are extremely rare.

There are four main variants of melanoma. The most 
common one is the superficial spreading type, followed 
by the nodular type. Lentigo maligna melanoma and 
acral lentiginous melanoma make up the remaining 
types. Rare variants are also seen, including the amela-
notic type and the nevoid type. Superficial spreading 
melanoma is the most common variant of melanoma 
seen in clinical practice. It usually manifests as a slowly 
enlarging, irregularly shaped macule with variegation 
in color. If not recognized and removed, the melanoma 
will continue to enlarge and will eventually develop  
a vertical component that clinically represents the 
nodular form of melanoma. Some nodular forms of 
melanoma can develop de novo without the preceding 
superficial spreading type of melanoma as a precursor 
lesion. Nodular lesions are often relatively large at the 
time of diagnosis. This type of melanoma has entered 
its vertical growth phase, and it is believed that at this 
point it has developed the ability to metastasize.

Acral lentiginous melanoma has long been thought 
to portend a poor prognosis. This is most likely  
not because of the subtype but because this type of 
melanoma is often diagnosed later in the course of  

Risk factors include:

UVA and UVB
radiation

MUCOCUTANEOUS MALIGNANT MELANOMA

Clinical considerations
Excisions of lesions

Typical clinical appearance of melanoma 
exhibiting features of “ABCDE” mnemonic

A)  Asymmetry
B)  Border irregularity
C)  Color variation
D) Diameter >6 mm
E)  Evolving or changing

Lesions 
<2 mm thick

Lesions
>2 mm
thick

Blue eyes
Freckles

Family history
of melanoma or
dysplastic nevi

Blistering
sunburn in
adolescence

Blonde hair
and fair skin

Wide local excision of melanoma is based
on the thickness of the tumor. A 1-cm
border is recommended for lesions less
than 2 mm thick, and a 2-cm border for
lesions greater than 2 mm thick.

Melanoma with a Breslow
depth of 0.7 mm. Dermal
invasion is evident, and the
tumor shows an abnormal
proliferation of melanocytes
within the epidermis.

1 cm

2 cm

Melanoma (skin or 
mucous membranes)

its development. The lesions are often located on  
the soles, toes, or hands. Patients are often unaware  
of their presence, and they can mimic a subungual 
hematoma or bruise. Notably, this form of melanoma 
is more commonly seen in the African American 
population.

Lentigo maligna melanoma is most often seen on the 
face of patients in their fifth to seventh decades of life, 

especially in those with a considerable sun exposure 
history. This type of melanoma can be difficult to treat 
and has a propensity for local recurrence. The borders 
of the melanoma are ill defined, and it is difficult to 
distinguish the background normal sun-damaged mela-
nocytes from the tumor cells.

Amelanotic melanoma is the most difficult of all 
melanomas to diagnosis. These tumors often appear as 



64� THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 3-13� Integumentary System

Sentinel lymph node sampling is becoming routinely 
performed in the care of these patients and aids in 
staging of the disease. If the patient has a positive sen-
tinel lymph node biopsy for metastatic melanoma, 
staging is performed based on positron emission 
tomography/computed tomography (PET/CT) scan-
ning and magnetic resonance imaging (MRI) of the 
brain. Patients with metastatic disease to local lymph 
nodes only are offered a localized lymph node 

slowly enlarging pink patches or plaques with no 
pigment. They are commonly misdiagnosed as derma-
titis or tinea infections, and the diagnosis is often 
delayed. They can also resemble actinic keratoses. The 
lack of pigment takes away the clinician’s most impor-
tant diagnostic clue. These tumors are often biopsied 
because they have not gone away after being treated for 
something entirely different or after they have devel-
oped a papule or nodule. At that point, they are still 
most commonly thought to be basal cell carcinomas or 
squamous cell carcinomas; rarely does the clinician 
include amelanotic melanoma in the differential diag-
nosis. Patients with albinism or xeroderma pigmento-
sum are at a higher risk for development of amelanotic 
melanoma. These patients need to be screened rou-
tinely, and any suspicious lesions should be biopsied.

Pathogenesis: There is no single gene defect that can 
explain the development of all melanomas. The most 
plausible theory is that a melanocyte within the epider-
mis is damaged by some external event, such as chronic 
ultraviolet exposure, or by some internal event, such as 
the spontaneous mutation of a key gene in the regula-
tion of cell proliferation or apoptosis. After this event 
has occurred, the abnormal melanocyte proliferates 
with the epidermis, starting as an in situ variant of 
melanoma. After time, the clonal melanoma cells begin 
to coalesce and form nests of melanoma cells. They 
then continue to proliferate and enlarge until the clini-
cal features are evident. The tumor enters a radial 
growth phase at first and eventually develops a vertical 
growth phase with metastatic potential.

Approximately 10% of melanomas are considered to 
be an inherited familial form. Although no one gene 
explains all of these tumors, the p16 gene (TP16) is likely 
the main susceptibility gene. This gene, when mutated, 
increases an individual’s risk for melanoma as well as 
pancreatic carcinoma. TP16 is a tumor suppressor gene 
that is inherited in an autosomal dominant fashion. 
Genetic testing for this gene is commercially available.

Histology: The diagnosis by histology of melanoma 
is based on multiple criteria, including symmetry, mela-
nocyte atypia, mitosis, distribution of the melanocytes 
within the epidermis, lack of maturation of melanocytes 
as they extend deeper into the dermis, circumscription, 
and architectural disorder. Melanoma is believed to 
begin with an in situ portion, followed by an upward 
spread of single melanocytes within the epidermis, 
termed pagetoid spread. If no epidermal component of 
melanoma is seen, the possibility of a metastatic focus 
is entertained.

Treatment: When a clinician encounters a pigmented 
skin lesion that is believed to be a melanoma, the lesion 
should be biopsied promptly. The best method for 
biopsy of a pigmented lesion that is suspicious for mela-
noma is with an excisional biopsy method using a small 
(1-2â•¯mm) margin of normal surrounding skin. This 
allows for the diagnosis and an accurate measurement 
of the Breslow depth. The Breslow depth is the distance 
from the granular cell layer to the base of the tumor. 
This depth is considered to be the most important 
prognostic indicator for melanoma.

Therapy for melanoma is based on the Breslow thick-
ness, the presence of ulceration, and the mitotic rate of 
the primary tumor. The standard of care is to perform 
a wide local excision with varying margins of skin based 
on the criteria described previously. Melanoma in situ 
is treated surgically by wide local excision with 5-mm 
margins.

dissection and adjunctive therapy with interferon. 
Those with widespread metastatic disease are given 
various chemotherapeutic regimens or enrolled into 
clinical studies. The mortality rate for stage IV mela-
noma is very poor. Follow-up for melanoma patients is 
based on the stage of disease. The National Compre-
hensive Cancer Network/National Cancer Institute 
(NCCN/NCI) has published standardized guidelines 
for clinicians.

Cerebellar metastasis
from cutaneous melanoma

METASTATIC MELANOMA

CT with contrast
enhancement
shows a similar
large metastasis
in the right
cerebellum with
effacement of the
fourth ventricle

Malignant melanoma
metastases to the liver

Multiple
metastases to
heart from 
malignant melanoma

Sheets of bizarre-appearing melanocytes

Large nodular melanoma
Melanoma metastasis 
to the large intestine

MELANOMA (Continued)
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MERKEL CELL CARCINOMA

Merkel cell carcinoma is an uncommonly encountered 
neuroendocrine malignant skin tumor that has an 
aggressive behavior. This tumor is derived from special-
ized nerve endings within the skin. The tumor promot-
ing Merkel cell polyomavirus has been implicated in its 
pathogenesis. The prognosis of Merkel cell carcinoma 
is worse than that of melanoma. This tumor has a high 
rate of recurrence and often has spread to the regional 
lymph nodes by the time of diagnosis.

Clinical Findings: Merkel cell carcinoma is a rare 
cutaneous malignancy with an estimated incidence of 1 
in 200,000. Merkel cell carcinoma is much more 
common in Caucasian individuals. The tumor has a 
slight male predilection. The average age at onset is in 
the fifth to seventh decades of life. The lesions occur 
most often on the head and neck. This distribution is 
consistent with the notion that chronic sun exposure is 
a predisposing factor in the development of this tumor. 
These tumors also occur more commonly in patients 
taking chronic immunosuppressive medications. The 
tumors often appear as red papules or plaques that 
quickly increase in size. They can also appear as rapidly 
enlarging nodules. On occasion, the tumor ulcerates. 
The clinical differential diagnosis is often between 
Merkel cell carcinoma and basal cell carcinoma, 
inflamed cyst, squamous cell carcinoma, or an adnexal 
tumor. These tumors are so rare that they are infre-
quently in the original differential diagnosis.

It has been estimated that up to 50% of all patients 
diagnosed with a Merkel cell carcinoma will develop 
lymph node metastasis. Other notable areas of metas-
tasis include the skin, lungs, and liver. The staging of 
this tumor is based on its size (<2â•¯cm or >2â•¯cm), the 
involvement of regional lymph nodes, and the presence 
of metastasis. Patients with higher-stage disease have a 
progressively worse prognosis. Patients with metastatic 
disease (stage IV) have a 5-year survival rate of 0%. In 
contrast, the 5-year survival rate for local stage I or II 
disease is 65% to 75% and approximately 50% to 60% 
for stage III (lymph node involvement). Grouping all 
stages together, one third of the patients diagnosed with 
Merkel cell carcinoma will die from their disease.

Pathogenesis: Merkel cell carcinoma is derived from 
a specialized cutaneous nerve ending. The normal 
Merkel cells function in mechanoreception of the skin. 
Merkel cells, like melanocytes, are embryologically 
derived from the neural crest tissue. Chronic immuno-
suppression is believed to be one of the largest risk 
factors. Patients taking immunosuppressive medica-
tions after organ transplantation are at much higher risk 
than age-matched controls. Chronic sun exposure and 
its effect on downregulating local immunity in the skin 
have also been theorized to play an etiological role. The 
Merkel cell polyomavirus has been studied to assess its 
role in the development of Merkel cell carcinoma.

Polyomaviruses are similar in nature and structure to 
the better-known papillomaviruses. There are at least 
five polyomaviruses that cause human disease. Most  
of them affect patients who are chronically immuno-
suppressed at a higher rate than healthy matched con-
trols. Researchers have implicated the Merkel cell 
polyomavirus as a potential cause of Merkel cell carci-
noma. This virus has been isolated from a high percent-
age of Merkel cell tumors, but not from all of them. It 
is likely to be a player in the pathogenesis of a subset 
of patients with Merkel cell carcinoma, but it is unlikely 
to be the only explanation. The discovery of this virus 
may lead to therapeutic options in the future.

Merkel cell carcinoma. Pink-red papule on the cheek. These 
tumors may arise quickly and have an accelerated growth rate.

Basal epithelial cells
Cytoplasmic protrusion

Lobulated nucleus

Merkel cell
Desmosomes

Mitochondria
Granulated vesicles

Schwann cell

Expanded
axon terminal

Detail of a Merkel disc nerve ending

Uniform basophilic-appearing Merkel cells. Merkel
cell carcinoma is classified as a small blue cell tumor.
(H&E stain)

Histology: Merkel cell carcinoma is a neuroendo-
crine tumor. The tumor is composed of small, uni-
formly shaped, basophilic-staining cells. The tumor is 
poorly circumscribed and grows in an infiltrative 
pattern between dermal collagen bundles and subÂ�
cutaneous fat lobules. The cells have a characteristic 
nuclear chromatin pattern. These tumors can be 
stained with various immunohistochemical stains. The 
most helpful one is the cytokeratin 20 stain. It has a 

characteristic, if not pathognomonic perinuclear dot, 
staining pattern.

Treatment: Surgical excision with wide (2-3â•¯cm) 
margins is still the standard therapeutic treatment. Sen-
tinel node sampling has been helpful in staging. Those 
patients with localized disease often undergo postop-
erative irradiation of the surgical removal site. Those 
with widespread metastatic disease are often treated 
with cisplatin-based chemotherapeutic regimens.



66� THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 3-15� Integumentary System

may start as a form of dermatitis and over many years 
transform into a malignant CD4+ process.

At the other end of the spectrum is the Sézary syn-
drome. This is an erythrodermic variant of mycosis fun-
goides with peripheral blood involvement. Circulating 
Sézary cells are the hallmark of this syndrome. The 
Sézary cells are enlarged lymphocytes with cerebriform 
nuclei. The cerebriform nuclei can best be appreciated 
under electron microscopy. It is considered to be a 

MYCOSIS FUNGOIDES

Mycosis fungoides is the most common form of cutane-
ous T-cell lymphoma. The cutaneous T-cell lympho-
mas are an assorted group of cancers with varying 
genotypes and phenotypes. Mycosis fungoides is a rare 
form of cancer, but it is considered to be the most 
frequent form of cutaneous lymphoma. Mycosis fun-
goides is predominantly a disease of abnormal CD4+ 
lymphocytes that have become malignant and have 
moved into the skin, causing the characteristic lesions. 
Advances with immunophenotyping and gene re-
arrangement studies have helped to characterize the 
disease and are used for diagnostic and prognostic pur-
poses. Altogether, mycosis fungoides is a rare condition 
afflicting approximately 1 in 500,000 people.

Clinical Findings: Mycosis fungoides often mani-
fests as a slowly progressing rash that occurs in double-
covered areas such as the groin and breast skin. The 
buttocks are a very common area of involvement. 
There is a 2â•›:â•›1 male predominance. Mycosis fungoides 
is seen in all races, with a predominance in the African 
American population compared with the Caucasian or 
Asian population. It is infrequently encountered in 
children. Mycosis fungoides is staged based on its 
appearance, the body surface area (BSA) involved, and 
the involvement of lymph nodes, blood, and other 
organ systems. The most common stage of mycosis 
fungoides is stage IA.

Stage IA mycosis fungoides carries an excellent 
prognosis, with most patients leading a normal life 
span and dying from another cause. Stage IA disease 
is typically described as patches of involvement total-
ing less than 10% of the BSA and no lymph node 
involvement. The rash of stage IA disease appears as 
thin, atrophic patches on the buttocks, breasts, or 
inner thighs. There are often areas of poikiloderma 
(hyperpigmentation and hypopigmentation as well as 
telangiectasias and atrophy). The atrophy has been 
described as “cigarette paper” atrophy: The skin exhib-
its a fine crinkling similar to freshly rolled cigarette 
paper. The rash is often asymptomatic, but pruritus 
can be problematic for some. The diagnosis of mycosis 
fungoides is based on the clinical and pathological 
findings.

Patch-stage mycosis fungoides can go undiagnosed 
for years to decades because of its indolent nature and 
often bland appearance. It often appears as psoriasis, a 
nonspecific form of dermatitis, and initial biopsies are 
often nonspecific. The application of topical steroids 
before a skin biopsy is obtained may alter the histologi-
cal picture enough to make the diagnosis of mycosis 
fungoides impossible. Often, serial biopsies over years 
are required until one shows the characteristic features 
of mycosis fungoides. It is best to biopsy a previously 
untreated area. In addition to being a very slow-
developing cancer, it is possible that mycosis fungoides 

leukemic phase of mycosis fungoides. Sézary syndrome 
has a poor prognosis.

There are many varying stages of disease between 
these two extremes. The morphology of cutaneous lym-
phoma changes from patches to plaques to nodules or 
tumors. Varying amounts of ulceration may be present. 
The natural history of progression of mycosis fungoides 
is variable and difficult to predict clinically. The most 
accurate way to predict the course is based on the type of 

Erythrodermic patient
with erythema on greater
than 90% of body
surface area

CLINICAL SUBTYPES OF CUTANEOUS T-CELL LYMPHOMA

Sézary cells:
atypical
cerebriform 
lymphocytes

Patch stage of mycosis fungoides on the buttocks.
Atrophic poikilodermatous patches are frequently
encountered on the buttocks. Annular plaques
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capability. Denileukin diftitox is an approved therapy 
for refractory disease. This drug is created by fusion of 
the interleukin-2 (IL-2) molecule and the diphtheria 
toxin. Cells that express the CD25 molecule (IL-2 
receptor) are selectively killed by this medication. Deni-
leukin diftitox can cause severe side effects and should 
be administered only by specialists adept at its use. Many 
new medications are being used with variable success  
in the treatment of mycosis fungoides, including  

involvement and the BSA involved. The smaller the BSA 
of involvement, the better the prognosis. A worse prog-
nosis is seen with the nodular form as opposed to the 
plaque type or the patch form of mycosis fungoides.

Pathogenesis: The etiology of mycosis fungoides is 
unknown. The pathomechanism that causes the respon-
sible lymphocytes to transform into malignant cells is 
unknown. Significant work has looked at various causes 
including retroviruses, environmental insults, gene 
deletions, and chronic antigen stimulation. However, 
the exact mechanism of malignant transformation for 
this disease, which was originally described in 1806, 
remains unresolved.

Histology: Stage IA disease shows the characteristic 
histological findings of mycosis fungoides. There is a 
lichenoid infiltrate of abnormal lymphocytes with cere-
briform nuclei. There are varying amounts of epider-
motropism without spongiosis. The epidermotropic 
cells are the abnormal lymphocytes that have entered 
the epidermis. Occasionally, collections of the lympho-
cytes occur within the epidermis as small groupings 
called Pautrier’s microabscesses. Immunophenotyping 
of the cells present reveals the infiltrate to be predomi-
nantly CD4+ lymphocytes with a loss of the CD7 and 
CD26 surface molecules. Clonality of the infiltrate can 
be determined by performing a Southern blot analysis. 
The presence or lack of clonality is not diagnostic, and 
this test is not routinely performed.

Peripheral blood can be analyzed by flow cytometry 
for the presence of circulating lymphoma cells. This is 
a rare finding in low-stage disease and a near-universal 
finding in Sézary syndrome.

Treatment: Treatment of mycosis fungoides is based 
on the stage of disease. Stage IA disease is often treated 
with a combination of topical corticosteroids, nitrogen 
mustard ointment, narrow-band ultraviolet B (UVB) 
phototherapy, or psoralen + ultraviolet A (PUVA) pho-
totherapy. As the BSA of involvement increases, the use 
of creams becomes difficult. Phototherapy is often used 
for those with widespread patch disease.

Isolated tumors respond well to local radiotherapy. 
Often, systemic treatments are employed as well. These 
systemic agents include the retinoids (bexarotene, 
acitretin, and isotretinoin) and interferon, both α and γ 
types. Extracorporeal photophoresis has been used for 
all stages of mycosis fungoides, especially Sézary syn-
drome. The patient is given intravenous psoralen and 
then has peripheral blood removed and separated into 
its components. The white blood cells are isolated, 
exposed to UVA light, and then returned to the patient. 
The exposed leukocytes that have been damaged by the 
psoralen and UVA are believed to induce a vaccine-like 
immunological response.

Total skin electron-beam therapy can be used in 
special cases in institutions that have the technical 

an anti-CD52 monoclonal antibody, alemtuzumab,  
and various investigational mediations. Bone marrow  
transplantation is another option for life-threatening 
refractory disease.

Despite the many therapies available, no treatment 
has been shown to increase survival in patients with 
mycosis fungoides. It is therefore inadvisable to treat 
stage IA disease with a medication that has acute, 
potentially life-threatening side effects.

Low power. Lichenoid infiltrate
of lymphocytes with epidermotropism

HISTOLOGICAL ANALYSIS OF CUTANEOUS T-CELL LYMPHOMA

High power. Close-up of Pautrier
microabscess in the epidermis

CD8 CD4

CD8 and CD4 stains
showing a predom-
inance of CD4 cells
in the infiltrate

MYCOSIS FUNGOIDES 
(Continued)
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is not understood. Many risk factors have been deter-
mined, but how these translate into tumor development 
is still being studied. More is known about the seba-
ceous tumors associated with the Muir-Torre syndrome. 
This syndrome is caused by a genetic defect in the 
mismatch repair genes. The syndrome is inherited in 
an autosomal dominant fashion. The genes that are 
abnormal in this syndrome are responsible for micro-
satellite instability within the cells of the sebaceous 
carcinomas and may lead directly to malignant trans-
formation of the benign sebaceous gland.

Histology: These tumors are derived from sebaceous 
glands and show a high degree of infiltrative growth. 
The tumor deeply invades the subcutaneous tissue; in 
the periocular area, it often invades the underlying 

SEBACEOUS CARCINOMA

Sebaceous carcinoma is a rare malignant tumor of the 
sebaceous gland. These tumors are most frequently 
seen on the eyelids. They are most commonly found 
as solitary tumors but may be seen as a part of the 
Muir-Torre syndrome. The Muir-Torre syndrome is 
caused by a genetic abnormality in the tumor suppres-
sor genes MSH2 and MLH1 and is associated with 
multiple sebaceous tumors, both benign and malig-
nant. The syndrome is also associated with a high 
incidence of internal gastrointestinal and genitourinary 
malignancies.

Clinical Findings: These tumors are most commonly 
found on the eyelid skin and the eyelid margin. The 
reason is that the periocular skin contains many types 
of modified sebaceous glands, including the meibomian 
glands and the glands of Zeis. Many other, less common 
modified sebaceous glands exist, including the caruncle 
glands and the multiple sebaceous glands associated 
with the hairs of the periocular skin. It is believed that 
most sebaceous carcinomas arise from the meibomian 
glands, with the glands of Zeis the second most common 
site of origin. The meibomian glands are modified seba-
ceous glands that are located within the tarsal plate of 
the upper and lower eyelid.

Sebaceous carcinoma has been reported to occur in 
all areas of the body, but the vast majority occur on the 
eyelids, with the next most common area being the rest 
of the head and neck region, probably because the 
density of sebaceous glands is higher in these regions. 
The tumors typically start as small subcutaneous 
nodules or thickenings of the skin. They are initially 
asymptomatic and can be mistaken for a stye or chala-
zion. The tumor almost always has a slight yellowish 
coloration, which, together with the characteristic peri-
ocular location, can help with the diagnosis. The major 
differentiating factor is that these other two inflamma-
tory processes are very acute in onset, are painful, and 
resolve within a few weeks. Sebaceous carcinoma is a 
slow-growing tumor that persists and continues to 
enlarge, eventually causing erosions and ulceration. 
Once this occurs, the tumor becomes painful and  
can easily bleed with superficial trauma. The clinical 
differential diagnosis is often between sebaceous  
carcinoma and a basal cell carcinoma or squamous cell 
carcinoma.

Sebaceous carcinomas occur with a higher incidence 
in the older female population. There is a predilection 
for Caucasians and for patients receiving chronic 
immunosuppressive therapy. Patients with the Muir-
Torre syndrome are at dramatically higher risk for seba-
ceous carcinoma compared with age-matched controls. 
Previous radiation therapy for the treatment of facial or 
ocular tumors has also been shown to be a predisposing 
factor for the development of sebaceous carcinoma.

As the tumors enlarge, they exhibit an aggressive 
local growth pattern. They can rapidly enlarge and 
metastasize to regional lymph node basins.

Pathogenesis: Solitary sebaceous carcinomas arise 
from sebaceous glands, but the exact pathomechanism 

muscle tissue. The lesions are poorly circumscribed, 
and mitoses are frequently seen. The tumor cells  
are large basaloid cells that show areas of mature  
sebocyte differentiation and areas that are poorly 
differentiated.

Treatment: The tumors are locally aggressive and 
have a high rate of regional lymph node metastasis. The 
treatment of choice is surgical removal, either with 
Mohs micrographic surgery or with a wide local exci-
sion, making sure to get clear tumor margins. These 
tumors have a high risk of recurrence, and clinical 
follow-up is required. The use of postoperative radio-
therapy is warranted in specific cases. Patients with 
metastatic disease may benefit from a combination of 
radiotherapy and systemic chemotherapy.

Levator palpebrae superioris muscle
Orbital septum

Superior tarsal (Müller’s) muscle (smooth)
Superior conjunctival fornix

Orbicularis oculi muscle (palpebral part)
Superior tarsus

Meibomian glands of the tarsal plate
Glands of Zeis (sebaceous glands)

Eyelashes (cilia)
Openings of tarsal glands

Inferior tarsus
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Inferior conjunctival fornix
Orbital septum

Sebaceous carcinoma most frequently arises
from the meibomian glands or the glands of Zeis.
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Two alveoli of a Meibomian sebaceous gland arranged
in a row. The left one seems to discharge secretory
product directly onto the surface into a straight opening
duct. Secretory epithelial cells of the alveoli look foamy
and washed out because of high lipid content.* 

Meibomian
gland

Lumen
of duct

Part of a sebaceous gland. Small nucleated
cells with euchromatic nuclei (arrows) in the
periphery of the gland serve as proliferating
stem cells. A thin basement membrane covers
them externally. A large sebaceous cell in the
center contains many prominent lipid droplets,
which surround a central nucleus. The cells
ultimately break down and add their contents
to oily secretory product.  Sebum reduces
water loss from the skin surface and lubricates
hair. It may also protect skin from infection
with bacteria.*

Sebaceous
cell

*Micrographs reprinted with permission from Ovalle W, Nahirney P. Netter’s Essential Histology.
 Philadelphia: Saunders, 2008.

Sebaceous carcinoma.
Yellowish patch often
located around the
eye, in this case near
the medial canthus.
These tumors may
be seen in association
with the Muir-Torre
Syndrome.
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diagnosis can be critical in sparing the patient an ampu-
tation of the affected digit.

A few chronic dermatoses can predispose to the devel-
opment of SCC, including lichen sclerosis et atrophicus, 
disseminated and superficial actinic porokeratosis, warts, 
discoid lupus, long-standing ulcers, and scars. Many 
genetic diseases can predispose to the development of 

SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma (SCC) of the skin is the 
second most common skin cancer after basal cell carci-
noma. Together, these two types of carcinoma are 
known as non-melanoma skin cancer. SCC accounts for 
approximately 20% of all skin cancers diagnosed in the 
United States. SCC can come in many variants, includ-
ing in situ and invasive types. Bowen’s disease, bowenoid 
papulosis, and erythroplasia of Queyrat are all forms of 
SCC in situ. A unique subtype of SCC is the keratoac-
anthoma. Invasive SCC is defined by invasion through 
the basement membrane zone into the dermis. SCC has 
the ability to metastasize; the most common area of 
metastasis is the local draining lymph nodes. Most 
forms of cutaneous SCC occur in chronically sun-
damaged skin, and they are often preceded by the 
extremely common premalignant actinic keratosis.

Clinical Findings: SCC of the skin is most com-
monly located on the head and neck region and on the 
dorsal hands and forearms. These are the areas that 
obtain the most ultraviolet sun exposure over a lifetime. 
This type of skin cancer is more common in the Cau-
casian population and in older individuals. It is more 
prevalent in the fifth to eighth decades of life. The 
incidence of SCC increases with each decade of life. 
This form of non-melanoma skin cancer is definitely 
linked to the amount of sun exposure one has had over 
one’s lifetime. Fair-skinned individuals are most com-
monly affected. There is a slight male predilection. 
Other risk factors include arsenic exposure, human pap-
illomavirus (HPV) infection, psoralen + ultraviolet A 
light (PUVA) therapy, chronic scarring, chronic immu-
nosuppression, and radiation exposure. Transplant 
recipients who are taking chronic immunosuppressive 
medications often develop SCCs. Their skin cancers 
also tend to occur on the head and neck and on the 
arms, but in addition they have a higher percentage  
of tumors developing on the trunk and other non– 
sun-exposed regions.

SCCs of the skin can occur with various morpholo-
gies. They can start as thin patches or plaques. There 
is usually a thickened, adherent scale on the surface of 
the tumor. Variable amounts of ulceration are seen. As 
the tumors enlarge, they can take on a nodular conÂ�
figuration. The nodules are firm and can be deeply 
seated within the dermis. Most SCCs are derived from 
a preexisting actinic keratosis. Patients often have 
chronically sun-damaged skin with poikilodermatous 
changes and multiple lentigines and actinic keratoses. 
Approximately 1% of actinic keratoses per year develop 
into SCC.

Subungual SCC is a difficult diagnosis to make 
without a biopsy. It is often preceded by an HPV infec-
tion, and the area has often been treated for long 
periods as a wart. HPV is a predisposing factor, and 
with time a small percentage of these warts transform 
into SCC. This development is usually associated with 
a subtle change in morphology. There tends to be more 
nail destruction and a slow enlargement over time in 
the face of standard wart therapy. Prompt biopsy and 

SCC; two of the best recognized ones are epidermodys-
plasia verruciformis and xeroderma pigmentosum.

Pathogenesis: SCC is related to cumulative ultravio-
let exposure. Ultraviolet B (UVB) light appears to be 
the most important action spectrum in the development 
of SCC. UVB is much more potent than ultraviolet A 
light. UVB can damage keratinocyte DNA by causing 

Extensive involvement 
of presymphysial 
and inguinal nodesAdvanced carcinoma of penis

Extensive
fungating
carcinoma
of penis

GENITAL SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma of
penis, histology

Carcinoma on leukoplakiaErythroplasia of Queyrat

Early carcinoma

Carcinoma under foreskin
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pyrimidine dimers and other DNA mutations. The 
damaged DNA leads to errors in translation and tran-
scription and ultimately can lead to cancer. The p53 
gene (TP53) is one of the most frequently mutated 
genes. This gene encodes a protein that is important in 
cell cycle arrest, which allows for DNA damage repair 
and apoptosis of those cells that have been damaged. If 
the p53 gene is dysfunctional, this critical cell cycle 
arrest period is bypassed, and the cell is allowed to 
replicate without the normal DNA repair mechanisms 
acting on the damaged DNA. This ultimately leads to 
unregulated cell division and cancer.

Histology: Actinic keratosis shows partial-thickness 
atypia of the lower portions of the epidermis. The 
adnexal structures are spared. SCC in situ shows full-
thickness atypia of the epidermis that also affects the 
adnexal epithelium.

SCC is derived from the keratinocytes. The patho-
logical findings are characterized by full-thickness 
atypia of the epidermis and invasion of the abnormal 
squamous epithelium into the dermis. Variable numbers 
of mitoses are seen, as well as invasion into the underly-
ing subcutaneous tissue. Horn pearls are often seen 
throughout the tumor. The tumors are often described 
as being well, moderately, or poorly differentiated. 
Many histological subtypes of SCC have been reported, 
including clear cell, spindle cell, verrucous, basosqua-
mous, and adenosquamous cell carcinomas.

Treatment: Actinic keratoses can be treated in myriad 
ways. Cryotherapy with liquid nitrogen is very effective 
and can be used repeatedly. If this fails to clear the area, 
or if the actinic keratoses are numerous, medical therapy 
is often given with 5-fluorouracil (5-FU) or imiquimod. 
These creams work, respectively, by directly killing the 
affected cells or by causing the immune system to attack 
and kill the affected cells. They are both highly effec-
tive. The disadvantage is that they cause an inflamma-
tory response that can be severe and cause erythema, 
crusting, and weeping during the period of application, 
usually 1 month or longer.

The treatment for SCC in situ is often electrodessi-
cation and curettage or simple elliptical excision. 5-FU 
cream is also effective but leads to a higher rate of 
recurrence than the traditional surgical methods. 5-FU 
is appropriate as a first-line agent for bowenoid papu-
losis. If in follow-up any residual areas are left, surgical 
removal is indicated. Occasionally, large areas of SCC 
in situ on the face are treated by the Mohs surgical 
technique.

Invasive SCC should be treated surgically, with Mohs 
surgery for lesions on the face or recurrent lesions; 
standard elliptical excision is adequate for most invasive 
SCCs. Some small, well-differentiated SCCs have  
been treated successfully with electrodessication and 

CLINICAL AND HISTOLOGICAL EVALUATION OF SUN-INDUCED SQUAMUS CELL CARCINOMA

Invasive SCC, high power. Atypical keratinocytes,
mitotic figures, and horn pearl formation

Invasive SCC, low power. Atypical squamous epi-
thelium invading the dermis. This tumor is poorly
circumscribed.

Large ulcerative tumor destroying the ear.
Squamous cell carcinomas arising on the
ear have a higher rate of metastasis.

Large nodule on the dorsal hand

curettage. The metastatic rate for cutaneous SCC is 
low, but certain locations have a higher rate of metas-
tasis. These areas include the lip, the ear, and areas of 
chronic scarring or ulceration in which the tumors 
develop. Recurrent SCCs, those larger than 2â•¯cm in 
diameter, and those developing in patients taking 
chronic immunosuppressive medications pose a higher 
risk for the development of metastatic disease. Patients 
with chronic lymphocytic leukemia (CLL) are at much 

higher risk for metastases; the reason is unknown but 
is thought to be related to the immunosuppression 
resulting from their CLL. The most common areas for 
metastasis are the local lymph nodes and lung.

Metastatic SCC of the skin should be treated with 
adjunctive radiotherapy and chemotherapy. However, 
these therapies have not shown a clear survival benefit, 
and the key to treatment ultimately lies in the preven-
tion of metastasis.

SQUAMOUS CELL CARCINOMA 
(Continued)
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medication’s local effects on the skin in genetically  
predisposed individuals.

Histology: Epidermal hyperplasia, acanthosis, and 
papillomatosis are present. There is minimal to no 
inflammatory infiltrate, and the dermis is essentially 
normal in appearance. Extensive hyperkeratosis with a 
mild excess of melanin production likely explains the 
hyperpigmentation seen in acanthosis nigricans.

Treatment: Treatment is often difficult unless the 
afflicted individual makes a conscious effort to get to an 
ideal body weight and to get his or her diabetes under 
excellent control. This is the only likely scenario in 

ACANTHOSIS NIGRICANS

Acanthosis nigricans is a commonly encountered skin 
dermatosis that can be seen in various clinical scenarios. 
It is overwhelmingly associated with obesity but can 
occur secondary to medications, endocrine disorders 
such as the HAIR-AN syndrome (hyperandrogenism, 
insulin resistance, and acanthosis nigricans), diabetes, 
and internal malignancies. This last type is clinically 
distinctive and manifests in a unique manner.

Clinical Findings: Classic cases of acanthosis nigri-
cans affect the nape of the neck, the axillae, and the groin 
regions. Native Americans and African Americans are at 
a significantly increased risk for development of acan-
thosis nigricans. The slow, insidious onset of patches and 
plaques with a velvety, hyperpigmented, thickened, 
rough surface is characteristic of acanthosis nigricans. 
Maceration with a malodorous smell is often noted. The 
patients are for the most part asymptomatic, although 
some complain of intermittent pruritus. The clinical 
findings in association with obesity are enough to make 
the diagnosis. A thorough history should be taken to rule 
out a medication-induced form of acanthosis nigricans. 
The only routine laboratory testing performed is screen-
ing for occult diabetes. Patients with obesity are at higher 
risk for diabetes later in life, and lifelong follow-up and 
screening by their primary care physician is required.

Many medications have been shown to induce  
acanthosis nigricans. They include niacinamide, gluco-
corticoids, insulin, and some birth control pills. The 
medication most commonly associated with acanthosis 
nigricans is niacinamide. Most cases resolve or improve 
greatly with discontinuation of the medication. The 
appearance is often identical to that of classic acanthosis 
nigricans, but the history is suggestive, with the timing 
of rash onset related to the introduction of the causative 
medication.

Malignancy-associated acanthosis nigricans is often 
widespread and involves unique areas, including the 
mucous membranes, palms, and soles. This form has a 
rapid onset and affects different areas of the body than 
the classic form of acanthosis nigricans does. The palms 
and soles are often involved, and the face can be 
involved. Any case in which there is rapid onset of 
acanthosis nigricans in a widespread distribution, often 
in a nonobese individual, warrants proper evaluation to 
rule out an internal malignancy. Referral to a gastroen-
terologist and an internist for cancer screening is of 
utmost importance.

A few endocrine disorders can be associated with 
acanthosis nigricans, most frequently diabetes mellitus 
and the HAIR-AN syndrome It is associated with 
insulin resistance and also with hyperandrogenism.

Rare causes of acanthosis nigricans include the  
familial forms, which are inherited in an autosomal 
dominant fashion.

Pathogenesis: The skin thickening and clinical find-
ings are possibly caused by an increase in insulin-like 
growth factor receptor, fibroblast growth factor recep-
tor, and epidermal growth factor receptor and their 
subsequent effects on the skin. The reason it affects 
certain regions preferentially is unknown. Malignancy-
associated acanthosis nigricans is believed to be caused 
by some cytokine or growth factor directly secreted by 
the tumor, possibly in the fibroblast growth factor 
receptor class of molecules. The tumor causes the clini-
cal findings by secreting these substances. Acanthosis 
nigricans is believed to be a paraneoplastic process in 
these cases. Medication-induced acanthosis nigricans  
is poorly understood but is possibly related to the  

Velvety hyperpigmented plaques
and patches in the axilla 

Acanthosis nigricans. Hyperpigmented plaques on
the dorsal foot with accentuation of the skin lines

which the skin findings of acanthosis nigricans will 
resolve. Temporizing methods of therapy include the 
use of keratolytic agents such as lactic acid to help thin 
the plaques and make them less noticeable. These 
agents are difficult to use in the axillae because of sting-
ing. The topical use of tretinoin cream has also been 
successful. Destructive laser therapies have been used 
with varying success.

Treatment of malignancy-associated acanthosis 
nigricans is directed at the underlying malignancy. 
Removal of the tumor may result in complete resolu-
tion of the skin disease.
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nature; they cause follicular plugging, which allows 
acne production.

Acne excoriée is a form of acne that is made worse 
by chronic picking or manipulation of the acneiform 
lesions. This often leads to scarring and a worsening of 
the clinical appearance. It is often coexistent with an 
underlying anxiety disorder, obsessive compulsive dis-
order, or depression.

Rare forms of acne include acne fulminans, acne  
conglobata, and acne aestivalis. Acne fulminans is  
seen almost exclusively in teenage boys. It is a form of 
severe cystic nodular acne that heals with severe, disfig-
uring scarring. The cysts and nodules can easily rupture 
and break down, leaving multiple ulcerations. This is 
associated with systemic symptoms including fever, 

ACNE

Acne is an almost universal finding in teenagers across 
the globe. Acne vulgaris is the most common form of 
acne; it affects almost every human at some point in 
their lifetime. Most cases are mild and do not cause any 
significant disease. Most acne vulgaris is seen in the 
postpubertal years. Many clinical variants exist, and 
excellent therapeutic modalities are available to treat 
this skin disease.

Clinical Findings: Acne vulgaris typically begins 
soon after puberty. It has no racial or gender prefer-
ence, although males may develop more severe cases of 
the disease. The first signs of acne development are the 
formation of microcomedones, both open and closed. 
Open comedones, also known as blackheads, appear as 
small (0.5-1â•¯mm), dilated skin pores that are filled with 
a dark material, oxidized keratin. This material can be 
easily expressed with lateral pressure or with the help 
of a comedone extractor. The closed comedone, also 
known as a whitehead, is a small (0.5-1â•¯mm), whitish 
to skin-colored papule. Comedones are believed to be 
the precursor lesion to the other lesions of acne. As 
acne progresses, inflammatory red, slightly tender 
papules develop, along with a variable amount of pus-
tules. The pustules are centered on the hair follicle. 
More severe cases of acne, such as nodulocystic acne, 
show inflammatory nodule formation as well as cyst 
formation. These nodules and cysts can become large 
(2-3â•¯cm in diameter) and can cause considerable pain. 
They often heal with scarring of the skin.

The face, back, upper chest, and shoulders are the 
predominant areas of involvement, most likely because 
of the higher density of sebaceous glands in these 
regions and the role of the sebaceous gland in the devel-
opment of acne. Acne is a relentless condition: As one 
lesion heals, another develops simultaneously. Females 
often report a flare of their acne 1 week before men-
struation begins, denoting hormonal influence. Acne 
has many clinical variants.

Adult female acne is typically seen in women between 
25 and 45 years of age. They often report that they had 
minimal to no acne during adolescence. This form of 
acne is found predominantly on the cheeks, perioral 
region, and jaw line, and it manifests as deep-seated 
papules, nodules, and cysts. There is a pronounced flare 
around the time of menstruation.

Neonatal and infantile acne are self-limited types that 
are seen frequently in this population. Neonatal acne 
may be seen a day or two after delivery; it is caused by 
transplacental passage of maternal hormones. It resolves 
without therapy and seems to be more prevalent in male 
newborns. Infantile acne is seen after the first few 
months of life. Most cases show a few transient papules, 
comedones, and pustules. Most self-resolve, although a 
few cases last into adolescence.

Acne cosmetica and acne medicamentosa are two 
similar forms of acne thought to be caused by or 
exacerbated by the use of cosmetics and facial medica-
tions. The removal of these products usually is enough 
for the patient to see significant improvement. Most 
products implicated in this form of acne are oily in 

Comedones are most
common lesions.

ACNE VULGARIS

Nodular and cystic forms may
result in permanent scarring.

Plug of keratin
and oxidized
sebum
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Forehead, nose, cheeks, and chest
are commonly involved in acne.

Keratin plug

Section of closed comedone (whitehead)
showing keratin plug and accumulated
sebum in sebaceous glands

Section of open comedone (blackhead)
showing plug of keratin and oxidized
sebum

Papules, pustules, comedones, post-
inflammatory hyperpigmentation,
and mild scarring are seen here. The
upper back is commonly involved
in acne.
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arthralgias and arthritis, and myalgias. A peripheral 
leukocytosis is often seen on laboratory examination. 
Lytic bone lesions can be seen, with the clavicle the 
most commonly affected bone. This may be preceded 
by localized pain over the bony involvement. Acne con-
globata is a term used to refer to severe cystic acne, 
which is seen mostly in young males. Patients often 
have multiple cysts that can be interconnected with 
sinus tracts. The areas involved are very painful and 
heal with severe scarring. This form of acne occurs in 
the same locations as acne vulgaris. Acne conglobata 
has been seen in association with hidradenitis suppura-
tiva, and some consider these conditions to be in the 
same spectrum of disease processes. Acne conglobata 
may run a chronic course well into adulthood, with 
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Many other treatment options exist, including topical 
agents such as azelaic acid, adapalene, tazarotene, sali-
cylic acid, and topical antibiotics. Oral medications that 
can be used include multiple oral antibiotics, spirono-
lactone, and birth control pills. The latter two medica-
tions are especially helpful in the treatment of adult 
female acne. They work on the hormonal influence on 
acne and are highly successful in this type of patient. 

persistent nodules and cysts coming and going. Acne 
aestivalis is one of the rarest forms of acne. It has a 
seasonal variation to its course. It begins in spring and 
resolves by early fall. It is a disease predominantly of 
adult women.

Steroid-induced acne occur secondary to the chronic 
use of oral or intravenous steroids. It manifests as a 
monomorphic eruption of inflammatory papules. Many 
other medications can be associated with acneiform 
eruptions, including iodides, lithium, and the epidermal 
growth factor inhibitors.

Pathogenesis: Acne is believed to have a multifacto-
rial basis. Follicular keratinization appears to be faulty, 
and the keratinocyte adhesions do not separate as 
quickly as they should, leading to a follicular plug and 
microcomedone formation. Excessive sebaceous gland 
production also plays a role and is probably mediated 
by hormonal influences. If the sebaceous gland material 
is produced in an amount sufficient to cause rupture of 
the comedone, the contents spill into the dermis, 
causing an inflammatory response; clinically, this is 
manifested by inflammatory papules, nodules, and 
cysts. The third player in the pathogenesis is the gram-
negative anaerobic bacteria, Propionibacterium acnes. 
This bacteria is believed to cause an activation of the 
immune system and results in an inflammatory infil-
trate. Rare causes of acne include adrenal gland disor-
ders that can cause virilization. These tumors are rare 
and often are associated with a sudden onset of acne, 
hirsutism, and irregular menstrual cycles. Any state of 
hyperandrogenism can cause acne or make preexisting 
acne worse. The most common cause is the polycystic 
ovarian syndrome in women. Less commonly, a Sertoli-
Leydig cell tumor can lead to a hyperandrogenic state 
and resultant acne.

Histology: Biopsies of acne are not required for diag-
nosis. A biopsy specimen from an inflammatory acne 
papule shows a folliculocentric lesion with a dense 
inflammatory infiltrate. The follicular epithelium has 
signs of spongiosis. Foreign body giant cells, plasma 
cells, neutrophils, and lymphocytes are all seen in 
varying degrees. Comedones show compacted corneo-
cytes within the sebaceous gland lumen.

Treatment: Treatment for acne vulgaris is multidi-
mensional. One often uses a combination of a kerato-
lytic and antibacterial agent, such as benzyl peroxide, 
with tretinoin (a medication that increases differentia-
tion and maturation of keratinocytes) and an antibiotic. 
The antibiotics are used for their antiinflammatory and 
antibacterial properties. The antibiotic may be given in 
a topical or oral form. More severe acne, cystic acne, 
acne conglobata, and acne fulminans require the sys-
temic use of isotretinoin to prevent severe scarring. 
Isotretinoin is given for 5 to 6 months. Significant  
precautions need to be taken, because this medication 
is a well-known teratogen. Prednisone is often advo-
cated for these severe cases of cystic acne. It is usually 
used transiently, when first beginning therapy with 
isotretinoin, to help decrease some of the severe inflam-
mation. It should not be used for long periods.

Acne conglobata. Severe cystic, scarring,
nodular acne lesions that can be exquisitely
tender. Associated with disfiguring scarring
and psychological distress. Almost always
treated with isotretinoin.

ACNE VARIANTS

Adult female acne is characterized
by acneiform papules and pustules 
along the jaw line.

Breast
atrophy

Hirsutism

Acne

Male-
patterned
hair loss

Sertoli-Leydig cell tumor

Male
escutcheon

Excessive androgen production results in 
loss of female secondary sex characteristics.

Open comedone is a common finding in acne patients.
Compact keratin fills the comedone cavity.

All the medications used for acne have potential side 
effects, and treatment must be tailored to the individ-
ual. Comedone extraction, intralesional triamcinolone, 
and photodynamic therapy have shown some success in 
treating acne. Laser resurfacing, chemical peels, and use 
of artificial fillers should be reserved for the treatment 
of scarring after the inflammatory acne has been 
controlled.

ACNE (Continued)
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Cutting the hair to a length of 3 to 5â•¯mm is a reasonable 
approach that minimizes trauma to the skin. Topical 
retinoids such as tretinoin and tazarotene have been 
used with varying results. The theory is that they help 
the follicular epithelium mature and help correct the 
abnormal keratinization of the epidermis. Intralesional 
triamcinolone injections into the papules and plaques 
can also be an effective method of treating mild disease.

ACNE KELOIDALIS NUCHAE

Acne keloidalis nuchae is a fairly common form of 
inflammatory, scarring alopecia that typically occurs on 
the posterior occipital scalp. There is a variable spec-
trum of disease, ranging from very mild cases to severe 
scarring alopecia. The condition has psychosocial 
implications and is difficult to treat effectively. It is 
diagnosed clinically, and biopsies are rarely needed.

Clinical Findings: Acne keloidalis nuchae begins on 
the posterior scalp or nape of the neck as tiny, follicular, 
flesh-colored to red papules. The papules enlarge  
to form plaques, which coalesce into larger plaques. 
Ultimately in severe cases, the entire posterior scalp  
is involved. Early in the disease, no hair loss is appreÂ�
ciated. As the disease progresses, the hair follicles 
become scarred down and crowded out by the encroach-
ing fibrosis, resulting in a variable amount of scarring 
alopecia.

This condition is far more common in young adult 
men, with a predilection for African Americans. It was 
originally believed to be caused by close shaving of  
the hair and the subsequent inflammation caused by the 
newly regrowing hair as it pierces the epidermis. The 
curly nature of the hair follicle was believed to be  
one of the most important factors. This theory of the 
pathophysiology of the disease has been questioned, 
and the cause of the condition is not as simple as once 
theorized.

The plaques, if left untreated, eventually form thick-
ened scar tissue resembling the appearance of a keloid 
scar. The scarring alopecia is permanent, and the 
patient is left with a considerable cosmetic issue. Severe 
cases of this condition can cause psychological issues, 
as can almost any form of severe alopecia.

Pathogenesis: Originally, acne keloidalis was believed 
to be caused by the close haircut in African American 
men, which caused the hairs to penetrate the epidermis 
on regrowth, setting off an inflammatory reaction. It 
has now been determined that this is an oversimplifica-
tion of the disease state. Other factors are likely to play 
more important roles in the pathogenesis.

Histology: Early disease often appears as a dense, 
mixed inflammatory infiltrate around the hair follicle 
and adnexal structures with plasma cells present. This 
appears similar to folliculitis. As the hair follicles 
rupture, the contents spill into the dermis and set off  
a dermal inflammatory reaction. There is overlying  
epidermal hyperplasia and acanthosis. Occasional 
pustule formation is seen and is composed of pools of 
neutrophils.

Late disease is very similar to the pathology of a 
keloid. There is a lack of adnexal structures and fibrosis 
throughout the dermis.

Treatment: Therapy for mild disease requires a mul-
tifaceted approach. If only a few papules are present 
with minimal hair loss, a combination of a topical and 
an oral antibiotic can be used for their antiinflammatory 
effects. The most commonly used oral antibiotics are 
in the tetracycline class. The topical antibiotic most 
often prescribed is clindamycin. Strict hair care  
regimens are required to help decrease the trauma to 
the skin. Shaving of the scalp should be avoided, and 
haircuts with shears should also be minimized, because 
the shears can cause microtrauma to the skin and poten-
tially induce the process and scarring formation. 

Severe. The papules of the 
mild form may coalesce 
into large keloidal plaques 
with associated hair loss.  
The areas involved can 
cause severe disfigurement.

Mild. Follicle-centered, 
flesh-colored papules  

Severe disease is rarely responsive to medical therapy. 
Surgical options remain the best therapeutic choice. 
The goal is to remove the abnormal skin and close the 
wound under as little tension as possible. If the tension 
is too great, it is best to leave the wound open to granu-
late and heal by secondary intention. The scar that 
results is often better appearing than the thick, plaque-
like scar that it is replacing.
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of neutrophils. Varying amounts of leukocytoclasis are 
present. Subepidermal bulla formation is possible 
because of the extensive dermal edema. Special stains 
for microorganisms must be negative to exclude an 
infectious process, and these must be backed up with 
cultures to help disprove an infection, because the his-
tological picture can mimic an infectious process.

Treatment: Treatment should be directed at the caus-
ative agent. Supportive care is needed for those with 

ACUTE FEBRILE 
NEUTROPHILIC DERMATOSIS 
(SWEET’S SYNDROME)

Acute febrile neutrophilic dermatosis is an uncommon 
rash that most often is secondary to an underlying 
infection or malignancy. The diagnosis is made by ful-
filling a constellation of criteria. Both clinical findings 
and pathology results are required to make the diagno-
sis in a patient with a consistent history.

Clinical Findings: Acute febrile neutrophilic derma-
tosis is often associated with a preceding infection. The 
infection can be located anywhere but most commonly 
is in the upper respiratory system. Females appear to 
be more likely to be afflicted, and there is no race pre-
dilection. Patients present with fever and the rapid 
onset of juicy papules and plaques. Because the papules 
can look as if they are fluid filled, they are given the 
descriptive term juicy papules. They can occur anywhere 
on the body and can be mistaken for a varicella infec-
tion. Patients also have neutrophilia and possibly arthri-
tis and arthralgias. If this condition is associated with a 
preceding infection, it is usually self-limited and heals 
without scarring, unless the papules and plaques are 
excoriated or ulcerated by scratching. Variable amounts 
of pruritus and pain are associated with this skin disease. 
When one is evaluating a patient with this condition,  
a thorough history is required. A skin biopsy must be 
performed. A chest radiograph, throat culture, and uri-
nalysis should be performed to assess for the possibility 
of bacterial infection.

Lymphoproliferative malignancies have also been 
seen in association with Sweet’s syndrome. The malig-
nancy often precedes the rash, and the skin disease is 
believed to be a reaction to the underlying malignancy. 
It is important to obtain specimens from these patients 
for histological evaluation and culture for aerobic, 
anaerobic, mycobacterial, and fungal organisms. The 
main differential diagnosis is between an infection and 
Sweet’s syndrome in cases associated with a malignancy. 
The most common malignancy associated with acute 
febrile neutrophilic dermatosis is acute myelogenous 
leukemia. The prognosis in these cases is directly 
related to the underlying malignancy. Often, the skin 
disease continues to recur unless the malignancy is put 
into remission.

A few medications have also been shown to induce 
Sweet’s syndrome, including granulocyte colony-
stimulating factor (G-CSF), lithium, all-trans-retinoic 
acid, minocycline, and oral contraceptives.

Pathogenesis: The pathomechanism of Sweet’s syn-
drome is theorized to involve the secretion of a neutro-
philic chemoattractant factor, which causes massive 
amounts of neutrophils to migrate into the skin. The 
exact molecule responsible for the recruitment of neu-
trophils into the skin is unknown. Reports of exogenous 
use of G-CSF have led to the theory that it is respon-
sible for the chemoattraction of neutrophils. Other 
chemoattractants are possible players in the pathogen-
esis, including interleukin-8.

Histology: Histological examination shows massive 
dermal edema with a dense infiltrate composed entirely 

Sweet’s syndrome. Edematous papules and plaques, often
associated with an underlying infection or systemic illness

Sweet’s syndrome on the dorsal hand.
This can be difficult to differentiate
from pyoderma gangrenosum.

Major criteria

   Abrupt onset of rash—various morphologies
   Histological evaluation shows diffuse neutro-
   philic infiltrate with papillary edema

Minor critieria

   Preceding infection or pregnancy or malignancy
   Fever �38�C
   Sedimentation rate �20 or elevated C-reactive
   protein level or leukocytosis with left shift
   Rapid resolution with systemic steroids

Diagnostic Criteria for Sweet’s Syndrome*

Diffuse neutrophilic infiltrate throughout the dermis

*For the diagnosis, both major criteria and one minor
 criterion must be present. Adapted from Odom RB, 
 James WD, Berger T. Andrews’ Diseases of the Skin:
 Clinical Dermatology. 10th ed. Philadelphia:  Saunders,
2006.

postinfectious Sweet’s syndrome. Topical and oral ste-
roids can dramatically shorten the course of the disease.

Sweet’s syndrome that develops as a paraneoplastic 
process secondary to underlying leukemia should be 
treated with oral or intravenous steroids once an infec-
tious process has been ruled out. This can result in a 
rapid response, but it is short lived once the steroids are 
removed. True remission occurs only if the cancer is 
treated and put into remission.
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The diagnosis in all these cases can be made based 
on patch testing. Chambers loaded with specific con-
centrations and amounts of known allergens are 
applied to the back of the individual. The patches 
are left on for 48 hours and then removed. After an 
hour, the first reading is made, based on the reaction 
seen under the chamber. Elevation of the skin or 
vesiculation is considered to be a positive reaction. 

ALLERGIC CONTACT DERMATITIS

Allergic contact dermatitis is one of the rashes most 
frequently encountered in the clinician’s office. It is 
responsible for a large proportion of occupationally 
induced skin disease. Urushiol from the sap of poison 
ivy, oak, or sumac plants is the most common cause of 
allergic contact dermatitis in the United States. The 
clinical morphology, the distribution of the rash, and 
results from skin patch testing are used to make the 
diagnosis. Patch testing is performed when the caus-
ative agent is unknown. Nickel has been the most fre-
quent cause of positive patch testing in the world for 
years. Urushiol is not tested clinically, because almost 
100% of the population reacts to this chemical.

Clinical Findings: Allergic contact dermatitis can 
manifest in a multitude of ways. The acute form may 
show linear streaks of juicy papules and vesicles. Vari-
able amounts of surrounding edema can be seen. Edema 
is much more common in the loose skin around the 
eyelids and facial region. Chronic allergic contact der-
matitis can manifest with red-pink patches and plaques 
with various amounts of lichenification. There are 
localized forms and generalized forms. One of the 
unique forms of allergic contact dermatitis is the scat-
tered generalized form. Pruritus is an almost universal 
finding, and it can be so severe as to cause excoriations 
and small ulcerations.

The prototype of allergic contact dermatitis is the 
reaction to the poison ivy family of plants. After contact 
with this plant, urushiol resin is absorbed into the skin 
and initiates the immune system response to cause aller-
gic contact dermatitis. The dose and the duration of 
contact with the allergen are important influences on 
the severity of the rash that develops. Between 3 and 14 
days after exposure, the patient notices linear juicy 
papules and vesicles forming at the sites of contact. The 
most commonly affected areas are the extremities. Air-
borne contact dermatitis may be seen from burning of 
wood with the poison ivy vine present. These reactions 
are usually seen on skin that was not covered with cloth-
ing, and they can be very severe on the face and eyelids, 
often causing massive swelling and impeding vision.

The location of the dermatitis can be used as a clue 
to the diagnosis. A nurse with hand dermatitis may be 
allergic to a component of the gloves being worn occu-
pationally. A young child with a lichenified rash around 
the umbilicus may be allergic to a metal component of 
a pant snap or zipper. The most common culprit in 
these cases is nickel. Finger dermatitis may be caused 
by the application of acrylic nails or nail polish. Allergic 
contact dermatitis can also be seen within the oral 
cavity, most commonly adjacent to dental amalgams or 
prostheses. Oral allergic contact dermatitis can mimic 
oral lichen planus. Lichen planus is usually widespread 
and affects the mucosa and gingiva both adjacent to and 
distant from any dental restorations.

Eyelid dermatitis
(red eczematous
patches). Potential
allergens include
fragrances, 
thimerosal,
neomycin, and
various preser-
vatives.

MORPHOLOGY OF ALLERGIC CONTACT DERMATITIS

Plaque of dermatitis caused by
the repeated use of neomycin-
containing ointment on a
superficial cut

Allergic contact dermatitis
of the hands is a frequent 
form of occupationally 
induced contact allergy

Poison ivy–induced
allergic contact dermatitis,
with the characteristic
linear areas of involvement

Nickel dermatitis (around the umbilicus)
caused by metal snaps

The presence of only macular erythema needs to be 
interpreted cautiously but can be considered a positive 
result in certain situations. Pustular reactions are 
considered to be irritant reactions and not relevant. 
The patient must come back for a final reading 3 to 
7 days after application of the patches. This is the 
most critical reading and gives the most valuable 
information.
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plant. As a good rule of thumb, if a plant has three 
leaves, it could be poison ivy: “Leaves of three, let it 
be.” Allergic contact dermatitis that is widespread or 
that affects the eyelids, hands, or groin region can be 
treated with a tapering dose of oral corticosteroid over 
a 2- to 3-week period. If the steroid is tapered too 
quickly, the patient may experience a poststeroid flare 
of their dermatitis, which can be resistant to further 
corticosteroid therapy.

Pathogenesis: Much is known about the mechanism 
of allergic contact dermatitis. This form of dermatitis 
requires a sensitization and elicitation phase for devel-
opment. During the sensitization phase, the patient is 
exposed for the first time to the antigen. The antigen 
is absorbed through the skin and is phagocytosed by  
an antigen-presenting cell within the epidermis. The 
antigen-presenting cell internalizes the antigen and 
processes it within its lysosomal apparatus. The pro-
cessed antigen is then sent to the cell surface and 
expressed on a human leukocyte antigen (HLA) mole-
cule. The antigen-presenting cell migrates to the  
local draining lymph node and presents the antigen  
in association with the HLA molecule to T cells. The 
T cells recognize each individual antigen and prolifer-
ate locally, resulting in a clone of lymphocytes that 
recognize that specific antigen; these lymphocytes then 
remain ready for when the patient comes in contact 
with the same antigen in the future.

During the elicitation phase, the patient is reexposed 
to the antigen. The antigen-presenting cells again 
process the antigen and present it to the newly cloned 
lymphocytes, which migrate back to the skin and cause 
the clinical findings of edema, spongiosis, vesicles, and 
bullae. If the antigen is exposed in a chronic manner, 
the findings will be less acute in nature, and the typical 
findings of a chronic dermatitis are seen.

This entire process is dependent on the size and 
permeability of the antigen, the recognition and  
processing of the antigen by the antigen-presenting 
cell, and the complex interactions among multiple  
T and B cells. Antign-presenting cells and B cells are 
required for activation of the T cells and propagation 
of the allergic contact dermatitis.

Histology: The initial finding in acute allergic 
contact dermatitis is spongiosis of the epidermis with 
an associated superficial and deep lymphocytic infiltrate 
with scattered eosinophils. As the rash progresses,  
the spongiosis can worsen, and intraepidermal vesicles 
start to form. The vesicles may eventually coalesce into 
large bullae.

Chronic allergic dermatitis usually shows acanthosis 
with spongiosis and eosinophils within the infiltrate. A 
superficial and deep perivascular lymphocytic infiltrate 
is seen. Excoriations can also be appreciated.

Treatment: Acute localized allergic contact dermati-
tis can be treated with a potent topical steroid and strict 
avoidance of the offending agent. Oral sedating antihis-
tamines work better for the pruritus than their nonÂ�
sedating counterparts do. Soaks that help to dry the 
dermatitis are helpful and include aluminum acetate 
(Domeboro’s solution). Because the most common 
culprit is the poison ivy plant, time should be taken to 
explain to the patient the appearance and nature of this 

Patch test placement Positive patch test

Antigen
(allergen-carrier complex)

Type IV (cell-mediated, delayed/hypersensitivity, contact dermatitis) reactions

Patch test
PATCH TESTING AND TYPE IV HYPERSENSITIVITY FOR ALLERGIC CONTACT DERMATITIS 

Skin

Blood vessel

Antigen-presenting cell

Fibroblast

Ethylenediamine

T lymphocyte
(previously
sensitized
to antigen)

Patch testing is the best method 
to assess for contact allergins. Evaluation of patch tests at 72 hours shows papular erythema.

Cytokines
Lymphokines

Increased
vascular

permeability

Expression of
adhesion
molecules

Accumulation of lymphocytes
and monocytes/macrophages

Edema,
inflammation,

fibrosis

T

Monocyte

Lymphocyte

Margination and extra-
vasation of monocytes

and lymphocytes

Patients who do not respond to these measures 
should undergo patch testing to determine whether 
another antigen is causing or provoking the dermatitis. 
Without the use of patch testing, the allergen will 
remain unknown and the dermatitis will persist. Not 
infrequently, patients are found to be allergic to a fra-
grance or preservative that is an ingredient in one of 
their personal care products. Once they stop using the 
product, the dermatitis finally resolves.

ALLERGIC CONTACT DERMATITIS 
(Continued)
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the general public. The rate of colonization of atopic 
patients is much higher than in normal controls, most 
likely because of the disruption of the underlying  
epidermis. Colonization in certain situations may  
lead to infection. Acquisition of a widespread herpesvi-
rus infection can have severe and potentially life-
threatening consequences. Atopics are much more 
prone than others to develop eczema herpeticum. The 
extensive areas of abnormal, broken skin provide the 

ATOPIC DERMATITIS

Atopic dermatitis is one of the most common dermato-
ses of childhood. It typically manifests in early life and 
can have varying degrees of expression. It is commonly 
associated with asthma and allergies. Most children 
eventually outgrow the condition. Atopic dermatitis  
has been estimated to affect up to 10% of all children 
and 1% of adults, and its prevalence has been steadily 
increasing. Patients frequently have a family history of 
atopic dermatitis, asthma, or skin sensitivity.

Clinical Findings: Atopic dermatitis typically begins 
early in life. There is no racial predilection. The clinical 
course is often chronic, with a waxing and waning 
nature. Infants a few months old may initially present 
with pruritic, red, eczematous patches on the cheeks 
and extremities as well as the trunk. The itching is typi-
cally severe and causes the child to excoriate the skin, 
which can lead to secondary skin infections. The skin 
of atopics is abnormally dry and is sensitive to heat  
and sweating. These children have difficulty sleeping 
because of the severe pruritus associated with the rash. 
During flares of the dermatitis, patients may develop 
weeping patches and plaques that are extremely pruritic 
and occasionally painful. With time, the patches begin 
to localize to flexural regions, particularly the antecu-
bital and popliteal fossae. Severely afflicted children 
may have widespread disease. Patients with atopic der-
matitis are more prone to react to contact and systemic 
allergens. Sensitivity to contact allergens is likely a con-
sequence of the frequent use of topical medicaments 
and the broken skin barrier. This combination leads to 
increased exposure to foreign antigens that are capable 
of inducing allergic contact dermatitis. One should 
suspect a coexisting contact dermatitis if a patient who 
is doing well experiences a flare for no apparent reason 
or if a patient continues to get worse despite aggressive 
topical or oral therapy. Laboratory testing commonly 
shows an eosinophilia and an elevated immunoglobulin 
E (IgE) level.

Secondary infection is common in atopic dermatitis. 
It may manifest with the appearance of honey-colored, 
crusted patches in the excoriated regions, which  
indicates impetigo. It may also manifest as multiple 
follicle-based pustules, representing folliculitis, or  
as deep red, tender macules, indicating a deeper  
soft tissue infection. The rate of methicillin-resistant 
Staphylococcus aureus (MRSA) infection has increased in 
patients with atopic dermatitis at the same rate as in 

perfect environment for the development of this wide-
spread viral infection.

Most childhood atopic dermatitis resolves spontane-
ously over time. It is estimated that 10% of cases will 
resolve by the age of 1 year, 50% by 5 years, 70% by 7 
years, and so on. A small percentage of children with 
atopic dermatitis continue on with the rash into adult-
hood. These cases tend to be chronic in nature and to 
last for the patient’s lifetime.

Infant with atopic dermatitis

INFANTS AND CHILDREN WITH ATOPIC DERMATITIS 

Child with atopic dermatitis Lymphadenopathy in a
child with atopic dermatitis

Frontal view Dorsal view
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Scalp, facial, and truncal
atopic dermatitis in a child

Adult patient with atopic
dermatitis 

Adult atopic dermatitis
can also be complicated by 
allergic contact dermatitis.

ADOLESCENTS AND ADULTS WITH ATOPIC DERMATITIS 
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differentiate herpes simplex virus from varicella zoster 
virus. A viral culture or direct immunofluorescence 
antibody staining of blister fluid is required for 
differentiation.

Treatment is usually more successful in children than 
in adults. Occasionally in children and more commonly 
in adults, systemic therapies are used to keep the der-
matitis under control. Oral antihistamines and immu-
nosuppressive agents are not uncommonly required. A 

Pathogenesis: The cause of atopic dermatitis is 
unknown. Many exacerbating factors have been found. 
They include anything that irritates the skin, such as 
heat, sweating, stress, many chemicals, and various 
types of clothing. Atopic dermatitis is believed to be 
caused by an aberrant T-cell (Th2) response in the skin 
with elevated levels of Th2 cytokines. Interleukin-4 
(IL-4), IL-5, and IL-13 are abnormally elevated. These 
cytokines are responsible for eosinophil production and 
recruitment and for IgE production. The concentra-
tions of the Th1 cytokines (IL-12 and interferon-α) are 
below average in these patients. The reason for this 
response is unknown. Ultimately, the barrier of the 
epidermis is disrupted, and this is evident by the 
increase in transepidermal water loss, which can be 
measured.

Histology: A nonspecific lymphocytic infiltrate is 
seen, with associated exocytosis of lymphocytes into the 
epidermis with widespread spongiosis. Varying degrees 
of acanthosis and parakeratosis are seen. Often, bacte-
rial elements are seen on the surface of the skin. Small 
intraepidermal vesicles may develop secondary to the 
massive spongiosis. Excoriations are frequently seen.

Treatment: Therapy consists of patient and family 
education about the natural history of the disease and 
the episodic waxing and waning. Bathing regimens 
must be thoroughly explained, and the use of soap 
should be discouraged. The patient should take shorter 
baths in lukewarm water, followed immediately  
by moisturization and application of topical steroid 
medications as appropriate. The intermittent use of 
moisturizers is also helpful. The use of topical immu-
nomodulators, alternating with topical corticosteroids 
or alone, decreases the atrophogenic side effects of the 
topical corticosteroids. On occasion, oral steroids may 
be needed to calm the inflammation and give the patient 
some well-needed, albeit temporary, relief.

Most children do not need to avoid foods. If any 
question exists as to whether a food is potentially exac-
erbating the dermatitis, an allergist may be consulted 
to perform specific food allergy testing.

Prompt recognition of any bacterial or viral infec-
tion should lead to therapy that is not delayed. Impe-
tigo, molluscum contagiosum, and eczema herpeticum 
are the three infections most commonly associated 
with atopic dermatitis. Of these, eczema herpeticum is 
the most important, and its recognition depends on  
a strong index of suspicion in any child with atopic 
dermatitis and new onset of a widespread, blistering 
rash. The differential diagnosis is varicella. A Tzanck 
test can help diagnosis the condition but cannot 

subset of patients respond to ultraviolet phototherapy, 
but most are not able to tolerate the warmth and sweat-
ing that is induced by the phototherapy unit. Oral 
immunosuppressants are used and include cyclosporine, 
azathioprine, and mycophenolate mofetil. These medi-
cations have severe potential side effects and should be 
administered only by experienced clinicians. Routine 
laboratory testing is required with all of these 
medications.

ATOPIC DERMATITIS 
(Continued)
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pleuritis and pericarditis are also present. The skin find-
ings consist of an erysipelas-like rash occurring almost 
exclusively on the lower extremities. Lesions of palpa-
ble purpura may also be present, indicating a cutaneous 
vasculitis. The attacks usually last less than 3 days, with 
a variable length of time between attacks. Some adults 
develop renal dysfunction due to amyloidosis.

TRAPS is inherited in an autosomal dominant 
pattern and also can occur sporadically. Patients develop 

AUTOINFLAMMATORY 
SYNDROMES

The autoinflammatory syndromes are a rare group of 
diseases for which the specific causes have been deter-
mined. The diseases in this category include hyper-
immunoglobulin D (hyper-IgD) syndrome (HIDS),  
the cryopyrinopathies, familial Mediterranean fever 
(FMF), and tumor necrosis factor (TNF) receptor–
associated periodic syndrome (TRAPS). The cryopyri-
nopathies are a group of conditions made up of 
Muckle-Wells syndrome, familial cold autoinflamma-
tory syndrome (FCAS), neonatal-onset multisystem 
inflammatory disease (NOMID), and chronic infantile 
neurological cutaneous and articular syndrome 
(CINCA). These groupings were first proposed in the 
1990s to bring together a collection of inflammatory 
disorders that are distinct in nature and pathophysiol-
ogy from other forms of allergic, autoimmune, and 
immunodeficiency syndromes. Patients with these autoÂ�
inflammatory diseases lack the autoreactive immune 
cells (T and B cells) as well as autoantibodies. The 
identification of specific genes that are defective and the 
roles played by those genes in the development of these 
disorders has been critical in increasing understanding 
of these diverse diseases. The common link in these 
conditions is the fact that they all represent abnormali-
ties of the innate immune system.

Clinical Findings: HIDS is inherited in an autosomal 
recessive fashion. Patients present with fever, arthral-
gias, abdominal pain, cervical adenopathy, and aph-
thous ulcers. Skin findings are consistent with a 
cutaneous vasculitis with palpable purpura and purpuric 
macules and nodules. Patients develop attacks of these 
symptoms with some evidence of periodicity. The 
attacks can last from 3 to 7 days, and typically the first 
attack occurs within the first year of life. As the child 
ages, the frequency and the severity of the attacks 
lessen. No reliable trigger has been found that initiates 
the attacks, and patients are completely normal between 
attack episodes.

Within the group of cryopyrinopathies, the distinc-
tions among Muckle-Wells syndrome, FCAS, NOMID, 
and CINCA are not clear, and many believe that they 
represent a phenotypic expression spectrum of the same 
condition. These very rare syndromes are all inherited 
in an autosomal dominant fashion. Patients present  
with recurrent fevers, arthralgias, myalgias, and varying 
degrees of ophthalmic involvement with conjunctivitis 
and anterior uveitis. The skin findings are typically gen-
eralized and consist of red, edematous papules and 
plaques. The rash can appear urticarial but is less pru-
ritic. The attack episodes almost always last less than 24 
hours. The trigger for FCAS is cold exposure, but the 
other conditions have no known precipitating factors. 
Twenty-five percent of patients with Muckle-Wells syn-
drome develop amyloidosis later in life, which may lead 
to chronic renal failure. The other conditions also have 
been reported to lead to amyloidosis, but much less 
commonly than Muckle-Wells syndrome. NOMID 
tends to be the most severe of the cryopyrinopathies. 
Patients with NOMID can develop aseptic meningitis 
and varying degrees of mental retardation along with 
hepatosplenomegaly. These patients can develop a char-
acteristic overgrowth of cartilage around the knee that 
is quite noticeable on physical examination.

FMF is inherited in an autosomal dominant fashion. 
It is the most common of all the autoinflammatory 
syndromes. Patients experience attacks of fever and 
abdominal pain along with monoarthritis. Occasionally, 

attacks early in childhood, which consist of fever, 
abdominal pain, conjunctivitis, arthralgias, and migra-
tory myalgias. The attacks last longer than in the other 
autoinflammatory syndromes. Each attack may last 
from days to weeks, with frequent recurrences. Attacks 
may be precipitated by varying amounts of stress, both 
physical and emotional. Again, the development of 
renal amyloidosis in adulthood has profound effects  
on the prognosis and is estimated to occur in 10% of 
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signaling due to serum TNF activation of the 
receptor.

Treatment: Therapy is specific to each syndrome. 
The molecular understanding of the pathogenesis  
has led to specific therapies. Because of their rarity,  
no randomized studies have been performed on the 
treatment of these conditions. HIDS has been success-
fully treated with nonsteroidal antiinflammatory drugs 
(NSAIDs), statin medications, and the interleukin 

TRAPS patients. Skin findings are characteristic and 
consist of migratory, pink to red patches and macules. 
Periorbital swelling may be prominent.

Histology: Each of the autoinflammatory skin lesions 
has a unique histology. The diagnosis cannot be made 
on the basis of histology alone, but histologic findings 
are used to rule out other conditions in the differential 
diagnosis and to help confirm the diagnosis of an auto-
inflammatory disease. Skin biopsies should be taken 
during acute attacks, when a rash is present.

Cutaneous biopsy specimens from patients with 
HIDS typically show a neutrophilic vasculitis. Neutro-
phils are found throughout the dermis. A skin biopsy 
from a patient with one of the cyropyrinopathies shows 
a neutrophilic perivascular infiltrate associated with 
diffuse dermal edema. NOMID and CINCA also 
exhibit a perivascular infiltrate of lymphocytes scattered 
within the neutrophilic infiltrate. FMF skin biopsies 
show a diffuse population of dermal neutrophils. 
TRAPS skin biopsies are nondescript and show a bland 
lymphocytic infiltrate in a dermal perivascular location. 
Biopsy of the periorbital edema shows a perivascular 
lymphocytic infiltrate and dermal edema.

Pathogenesis: Remarkable success has been achieved 
in deciphering the pathogenesis of these disease states, 
which are all interconnected through the innate 
immune system. The defective genes and the proteins 
that they encode have been determined. These proteins 
play a critical role in regulation of the innate immune 
system’s inflammatory response. If they are defective, 
they cause varying amounts of dysregulation of neutro-
phils and other inflammatory cells. The innate immune 
system is nonspecific in nature and does not rely on 
antibody production. Various innate pattern recogni-
tion receptors (e.g., Toll-like receptors) are able to rec-
ognize foreign molecules and directly activate the 
innate immune system. The normal activation of the 
innate immune system allows for prompt recognition 
of foreign elements and a proper immune reaction to 
those elements. The autoinflammatory conditions have 
been discovered to involve defects in various compo-
nents of the innate immune system.

HIDS is caused by a mutation in the MVK gene, 
located on chromosome 12, which encodes the protein 
mevalonate kinase. This gene helps regulate cholesterol 
synthesis, but it is also important for production of 
precursors that will ultimately be isoprenylated. The 
lack of these isoprenylated proteins leads to dysregula-
tion of IL-1β and ultimately to the clinical findings of 
HIDS. All of the cryopyrinopathies are caused by a 
genetic defect of the NLRP3 gene located on chromo-
some 1. This gene, which is also called CIAS1, encodes 
the protein cryopyrin. The defect allows for a gain in 
function of the cryopyrin protein, which results in 
hyperactivity of the inflammasome. The inflammasome 
is a cytoplasmic soluble conglomeration of various pro-
teins that is part of the innate immune system and is 
constantly identifying foreign material. Its stimulation 
ultimately increases the activity of the caspase 1 protein 
and the production of IL-1β. FMF has been found to 
be caused by a defect in the MEFV gene, which encodes 
the pyrin protein. Pyrin is also a regulator of the inflam-
masome, and defects in pyrin result in increased levels 
of IL-1β. TRAPS is caused by a defective gene on 
chromosome 12 named TNFRSF1A. This gene encodes 
the 55-kd TNF receptor. The defect leads to excessive 

Classic TRAPS rash
that migrates in a
centrifugal pattern

The rash in HIDS can
be variable, including
maculopapular and
urticarial forms.

Typical appearance
of erysipelas-like
FMF rash, often on
lower extremities

Typical appearance
of urticaria-like rash
of the cryopyrinopathies

Cutaneous findings

Joint and central nervous system findings

Optic fundus with papillederma

Joint enlargement seen in NOMID

HeadacheArthritis/periarthritis

CLINICAL MANIFESTATIONS OF AUTOINFLAMMATORY SYNDROMES 

antagonist, anakinra. The cryopyrinopathies have been 
treated with cold avoidance in the case of FCAS, and 
NSAIDs, oral steroids, anakinra, and other immuno-
suppressants have been tried. FMF has been treated 
with good success with colchicine, taking advantage of 
its antineutrophil effect. TRAPS has been successfully 
treated with etanercept or anakinra. Etanercept is 
believed to remove the soluble TNF that is responsible 
for activating the mutated receptor.

AUTOINFLAMMATORY 
SYNDROMES (Continued)
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northern latitudes but can occur at any time of the year 
in the southern regions. The term chigger refers to the 
larval phase of the Trombiculidae family of mites; it is 
one of the most common and well-recognized causes 
of human bites. Chiggers are small red mites, so small 
that they are not felt, and they bite quickly. They 
usually leave pinpoint red papules that can be numer-
ous and can cause severe pruritus. Many other mites 

BUG BITES

Human skin is exposed to the environment on a con-
stant basis and encounters multiple threats, including 
arthropods of many varieties. Each species of arthropod 
can inflict its own type of damage to the skin; some bites 
are mild and barely noticeable, and others can be life-
threatening. The most common bites are those of mos-
quitoes, fleas, bedbugs, mites, ticks, and spiders. Not 
only can these bites cause direct damage to the skin, but 
these organisms may have the ability to transmit infec-
tious diseases such as Lyme disease, leishmaniasis, and 
rickettsial diseases.

Clinical Findings: Mosquitoes are prominent insects 
in the spring, summer, and early fall seasons. In warmer 
climates, they can be seen year round. Their bite is 
often not noticed until after the mosquito has gone. 
The recently bitten person is left with a pruritic urti-
carial papule that typically resolves by itself within  
an hour or so. Some individuals are prone to severe  
bite reactions and develop warm, red papules and 
nodules that can last for a week or two and can be 
associated with regional lymphadenopathy. Mosquitoes 
are essentially a nuisance for the most part, but in some 
areas of the world they are the major vectors for trans-
mission of malaria and encephalitis viruses. Sand flies 
are similar, but they are the major vector for 
leishmaniasis.

Fleas have been around since before the beginning 
of human civilization and were responsible in the 
Middle Ages for helping transmit the bubonic plague, 
which killed millions of people. Fleas are most com-
monly seen in households with pets. Individuals can be 
bitten after the pet transfers the fleas to bedding, car-
peting, or clothing. Characteristic bites occur in groups 
of three, referred to as “breakfast, lunch, and dinner.” 
Flea eggs can lay dormant for years, only to reactivate 
in response to movement and vibration that indicate a 
meal is likely to be nearby. Many flea bites occur around 
the ankles of adults; the fleas jump from the carpeting 
to the ankles, take their meal, and leave. The typical 
skin lesion is a small papule with a central punctum. It 
is self-resolving. Fleas have been known to carry organ-
isms responsible for infectious diseases, including Yer-
sinia pestis (bubonic plague) and Rickettsia typhi (murine 
typhus).

Bedbugs (Cimex lectularius) have made a resurgence 
in the United States. The are ubiquitous insects that 
can live in any area of the country. Households, hotels, 
and other sleeping quarters become infested with colo-
nies of bedbugs. They emerge in the night, typically 1 
to 2 hours before dawn, and search for a blood meal. 
They find their victim asleep and feed for a few minutes 
before retreating back to the nest. The nest is almost 
never in the bed; it is most likely to be located within 
the baseboard molding or floor boards. In the morning, 
the afflicted individual awakens with one to hundreds 
of bites. Most are small papules with a central punctum. 
Depending on the species of bedbug, a more inflamma-
tory response may occur, causing vesiculation and 
bullae. Bedbugs have been reported to transmit hepati-
tis B virus.

Encounters with the large mite family of organisms 
are more likely to occur in the summer months in 

are present in the environment and can cause similar 
reactions.

Most ticks bite and feed for up to 24 hours before 
falling off after receiving their blood meal. They can 
leave a tick bite granuloma, which is a small red papule 
with a central punctum, at the site of the bite. Many 
methods have been used to remove ticks; most can 
result in more skin damage than the actual tick bite. 

Brown recluse spider bite.
The characteristic red, white, 
and blue sign is seen here.

Scabies (Sarcoptes scabiei) in circle

Inflammatory
excoriated
papules
(note penile
involvement)

BROWN RECLUSE SPIDERS AND SCABIES MITES

Loxosceles reclusa.
Its venom contains
sphingomyelinase-D, which
can cause massive tissue
destruction. Also known as
the fiddleback spider
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and treated with preventive tick and flea medications. 
Flea and bedbug infestations should be treated by a 
professional exterminator. Proper use of bug sprays 
containing DEET (N,N-diethyl-m-toluamide) and 
staying in the center of wooded trails can help decrease 
one’s chance of being bitten. In endemic areas, any 
patient with a deer tick bite that has lasted longer than 
24 hours should be considered for prophylactic therapy 
for Lyme disease.

These methods include burning the end of the tick with 
a cigarette or a match, an approach that is more likely 
to cause a skin burn than it is to remove the tick. The 
best method of removal is to grab the tick as close to 
the surface of the skin as possible and gently pull in a 
direction perpendicular to the skin. If the mouthparts 
are left embedded in the skin, a small punch biopsy can 
be performed to remove the remaining parts. Ticks are 
well known to transmit many infectious diseases, 
including Lyme disease and Rocky Mountain spotted 
fever.

Most spider bites are caused by jumping spiders. As 
with all spiders, bites frequently occurs after the spider’s 
web or nesting location is disturbed. The bites can be 
painful and can leave erythema and a papule or nodular 
reaction. On occasion, these bites develop secondary 
cellulitis. Two spiders are unique in their potential to 
cause severe human disease: the black widow spider 
(Latrodectus mactans) and the brown recluse spider (Lox-
osceles reclusa).

The black widow spider is a web-weaving spider that 
paralyzes its prey with a potent neurotoxin called latro-
toxin. The venom causes massive release of acetylcho-
line from nerve endings. In humans, this can lead to 
pain, fever, and symptoms of an acute abdomen.

The brown recluse spider is a solitary stalking spider 
that lives in dark, hidden locations. It is not aggressive 
and typically bites only when a human accidentally dis-
turbs its location. The toxin released in its venom con-
tains a mixture of sphingomyelinase-D, hyaluronidases, 
proteases, and esterases. Sphingomyelinase-D is the 
major component that is believed to be responsible for 
most of the tissue damage caused by the spider’s bite. 
It can cause severe pain and aggregation of platelets and 
red blood cells, resulting in intravascular clotting with 
resultant necrosis of the skin. The characteristic pattern 
seen on the skin is a central bluish region with necrosis 
and coagulation, a surrounding vasoconstricted area 
that appears to be blanched white and a peripheral rim 
of erythema. This has been termed the “red, white, and 
blue” sign of a brown recluse bite. Some bites can prog-
ress rapidly and cause severe necrosis of the skin requir-
ing surgical debridement.

Histology: Most bite reactions are not biopsied, 
because they are typically diagnosed clinically. The his-
tological findings for most bug bites are very similar. 
There is a superficial and deep inflammatory infiltrate 
with many eosinophils. Superficial necrosis of the epi-
dermis may be seen at the site of the bite. Occasionally, 
tick mouth parts are located in the biopsy specimen. 
Brown recluse spider bites show intravascular throm-
bosis and necrosis of the skin.

Treatment: The treatment of most bites is support-
ive. Pruritus can be treated with a potent topical corti-
costeroid and an oral antihistamine. Avoidance is the 
most important preventive measure. Areas of standing 
water provide breeding grounds for mosquitoes and 
should be drained routinely. Pets should be groomed 
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Deer ticks that carry Lyme
disease can cause erythema
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Narcotics (for pain control) and antivenin have  
been used to treat black widow spider bites and have 
been helpful. The antivenin is derived from horse 
serum, and there is a risk of an allergic reaction in 
susceptible patients. Brown recluse spider bites have 
been treated with many agents, including dapsone, to 
try to mitigate some of the inflammation-induced skin 
damage. Recognition of these spiders and avoidance  
is critical.

BUG BITES (Continued)
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Histology: The main finding is of calcification of 
the medial section of the small blood vessels in and 
around the area of involvement. Thrombi within the 
vessel lumen are often observed. Intimal layer endo-
thelial proliferation is prominent. The abnormal cal-
cification can easily be seen on hematoxylin and eosin 
staining.

Treatment: No good therapy exists for calciphylaxis. 
Aggressive supportive care and early treatment of 

CALCIPHYLAXIS

Calciphylaxis (calcific uremic arteriolopathy) results 
from deposition of calcium in the tunica media portion 
of the small vessel walls in association with proliferation 
of the intimal layer of endothelial cells. It is almost 
always associated with end-stage renal disease, espe-
cially in patients undergoing chronic dialysis (either 
peritoneal dialysis or hemodialysis). It has been reported 
to occur in up to 5% of patients who have been on 
dialysis for longer than 1 year. Calciphylaxis typically 
manifests as nonhealing skin ulcers located in adipose-
rich areas of the trunk and thighs, but the lesions can 
occur anywhere. They are believed to be caused by an 
abnormal ratio of calcium and phosphorus, which leads 
to the abnormal deposition within the tunica media of 
small blood vessels. This eventually results in thrombo-
sis and ulceration of the overlying skin. Calciphylaxis 
has a poor prognosis, and there are few well-studied 
therapies.

Clinical Findings: Calciphylaxis is almost exclusively 
seen in patients with chronic end-stage renal disease. 
Most patients have been on one form of dialysis for at 
least 1 year by the time of presentation. The initial 
presenting sign is that of a tender, dusky red to purple 
macule that quickly ulcerates. The ulcerations have a 
ragged border and a thick black necrotic eschar. The 
ulcers tend to increase in size, and new areas appear 
before older ulcers have any opportunity to heal. Ulcer-
ations begin proximally and tend to follow the path of 
the underlying affected blood vessel. Their most prom-
inent location is within the adipose-rich areas of the 
trunk and thighs, especially the abdomen and mammary 
regions. Patients often report that ulcerations form in 
areas of trauma. The main differential diagnosis is 
between an infectious cause and calciphylaxis. Skin 
biopsies and cultures can be performed to differentiate 
the two. Skin biopsies are diagnostic. Radiographs of 
the region often show calcification of the small vessels, 
and this can be used to support the diagnosis. Patients 
who develop calciphylaxis have a poor prognosis, with 
the mortality rate reaching 80% in some series. For 
some unknown reason, those with truncal disease tend 
to survive longer than those with distal extremity 
disease. Complications caused by the chronic severe 
ulcerations (e.g., infection, sepsis) are the main cause of 
mortality.

Laboratory findings often show an elevated calcium 
× phosphorus product. A calcium × phosphorus product 
greater than 70 mg2/dL2 appears to be an independent 
risk factor for development of calciphylaxis. Other  
risk factors are obesity, hyperparathyroidism, diabetes, 
and the use of warfarin. Elevated parathyroid hormone 
(PTH) levels are often found in association with  
calciphylaxis. The exact role that PTH plays is unknown, 
but it has been reported that parathyroidectomy, a  
standard treatment for calciphylaxis in the past, is not 
an effective means of therapy. PTH may play a role  
in starting the disease, but it does not appear to be 
necessary to exacerbate or cause continuation of 
calciphylaxis.

Pathogenesis: The exact mechanism of calcification 
of the tunica media of blood vessels in calciphylaxis is 
not completely understood. The fact that it is seen 
almost exclusively in patients undergoing chronic dialy-
sis therapy has led to many theories on its origin. The 
final mechanism is a hardening of the vessel wall with 
calcification and intimal endothelial proliferation that 
leads to rapid and successive thrombosis and necrosis.

superinfections are critical. Surgical debridement of 
wounds is necessary to remove necrotic tissue that pro-
vides a portal for infection. Renal transplantation offers 
some hope for cure. Treatment with sodium thiosulfate 
has shown success in some anecdotal reports, but this 
is not a universal cure. The newer bisphosphonate 
medications have also been used with limited success. 
Parathyroidectomy may help initially with the ulcer-
ations, but it does not decrease mortality.

Calcium deposits in the conduction system 
of the heart, which may cause serious 
or fatal arrhythmias
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arterioles
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Although most commonly seen in
areas of high fat content (abdomen,
breast), all areas of the skin may
be involved in calciphylaxis. Almost
all cases are associated with
underlying renal disease.
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“carpet tack sign,” because it resembles tiny outreach-
ing tacks. This sign can be easily missed if the scale is 
removed too quickly or not inspected closely enough. 
Discoid lesions in darker-skinned individuals may  
also have varying amounts of hyperpigmentation. Most 
patients have some erythema and hyperpigmentation. 
Most patients present with a few discoid lesions and are 
said to have localized discoid lupus. Those rare patients 

CUTANEOUS LUPUS

Lupus erythematosus is a multisystem, idiopathic con-
nective tissue disease that can have variable and unique 
clinical cutaneous findings. Cutaneous lupus may be 
considered as a spectrum of skin disease. Many variants 
have been described. Discoid lupus, subacute cutaneous 
lupus, tumid lupus, lupus panniculitis, neonatal lupus, 
lupus chilblains, and systemic lupus erythematosus 
(SLE) all have morphologically distinctive cutaneous 
findings. Lupus is a heterogeneous disease with a wide 
continuum of clinical involvement, from purely cutane-
ous disease to life-threatening SLE. The cutaneous 
findings are often the first presenting signs, and recog-
nition of the skin manifestations can help make the 
diagnosis of lupus.

SLE is the most severe form of lupus. Its clinical 
course and outcome vary, from mild forms to severe, 
life-threatening variants. In the most severe cases, the 
pulmonary, cardiac, neurological, and connective tissue 
and integumentary systems are affected. Death may 
occur from renal failure. Severe arthritis and skin find-
ings are often present. SLE is diagnosed by fulfillment 
of criteria that have been established by the American 
College of Rheumatology. Variations in meeting these 
criteria from one patient with SLE to the next are 
responsible for the varying clinical spectrum of disease.

Patients with lupus can have many laboratory abnor-
malities. These include anemia of chronic disease and 
an elevated erythrocyte sedimentation rate. Antinuclear 
antibodies (ANA) are found in some subsets of lupus, 
with almost 100% of patients with the systemic form 
testing positive for ANA. Many other, more specific 
antibodies are found in patients with SLE, including 
anti-Smith antibodies and anti–double-stranded DNA 
antibodies. Patients with renal disease often have 
hypertension, elevated protein levels in their urine, and 
an elevated creatinine level.

Clinical Findings: Many variants of cutaneous lupus 
exist, each with its own morphological findings. Lupus 
is more common in women; it can be seen at any age 
but is most frequently observed in early adulthood. 
However, lupus is common enough that it is not infre-
quently seen in males. Neonatal lupus is a rare form 
that occurs in neonates born to mothers with lupus.

Discoid lupus is one of the easiest forms of cutaneous 
lupus to recognize. It is most commonly found on the 
head and neck region and has a tendency to be present 
within the conchal bowl of the ear. Lesions are often 
found in patients with SLE. Discoid lupus may occur 
as an entirely separate disease with no other systemic 
or clinical findings of lupus. Fewer than 10% of these 
patients eventually progress to the systemic form of 
lupus. Discoid lesions are exacerbated by sun exposure, 
more specifically by exposure to ultraviolet A (UVA) 
light. The lesions tend to have an annular configuration 
with varying amounts of scale. The lesions can produce 
alopecia, and there is almost always some amount of 
atrophy present. Follicular plugging is commonly seen 
in discoid lupus. It is noticed clinically as a dilation of 
the follicular orifices. Follicle plugs can also be seen by 
gently removing the scale from a discoid lesion. On 
close inspection of the inferior side of the scale, one will 
notice minute keratotic follicular plugs. This finding is 
specific for discoid lupus and has been termed the 

with widespread disease have generalized discoid lupus. 
This variant is rare, and such patients are much more 
likely than those with localized disease to go on to fulfill 
the criteria for SLE at some point. The alopecia seen 
in discoid lupus is scarring in nature, and the hair that 
has been lost will not regrow even with aggressive 
therapy. Alopecia can be life-altering and can cause 
significant psychological morbidity.

CUTANEOUS LUPUS BAND TEST

A. Erythematous malar rash

B. Normal-appearing (nonlesional and non–sun-exposed) skin

H&E section. Edematous
(eosinophilic) subcutaneous
tissue with vacuolization
of basilar epithelium at the
dermal-epidermal junction

H&E section. Epidermal
atrophy, hyalinization of
dermis, chronic inflammation 
around hair follicles

Granular deposits of immune
complexes at the dermal-
epidermal junction and
within dermis

*All fluorescence slides were stained with fluorescein-
labeled rabbit antihuman gamma globulin.

Immunofluorescence slide*:
bandlike granular deposit of
gamma globulin and comple-
ment at the dermal-epidermal
junction and in the walls of
small dermal vessels

Immunofluorescent
bandlike granular
deposit may be
demonstrated in
more than 50%
of cases.

C. Discoid lupus

of lupus patient
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lymphoma, pseudolymphoma, or Jessner’s lymphocytic 
infiltrate. The plaques are exacerbated by ultraviolet 
light exposure. They are frequently asymptomatic to 
slightly tender but rarely pruritic. They tend to wax and 
wane, with the worst outbreaks occurring in the spring-
time and remissions in the winter. Histologically, the 
infiltrate has been found to be more of a CD4+ T-cell 
infiltrate.

Subacute cutaneous lupus erythematosus is seen in a 
subset of patients and has a higher incidence of develop-
ing into full-blown SLE compared with other forms of 
cutaneous lupus. There are variants of subacute cutane-
ous lupus, with the annular form and the papulosqua-
mous form being the two most common and most 
important to recognize. The annular form manifests 
with pink to red annular patches that slowly expand and 
coalesce into larger, interconnected polycyclic patches. 
They occur most commonly on sun-exposed skin of the 
face and upper trunk. The papulosquamous version also 
manifests in sun-exposed regions. It appears as smaller, 
pink-red patches with overlying scale. Both forms are 
exacerbated by sun exposure and are pruritic. They heal 
with no scarring.

Neonatal lupus is an uncommon form of lupus that 
can manifest with or without cutaneous findings. 
However, cutaneous findings are the most universal 
clinical finding in neonatal lupus, occurring in more 
than 90% of those affected. The most common sce-
nario is a child born to a mother who has not yet been 
diagnosed with lupus. Neonatal lupus can manifest with 
varying degrees of congenital heart block, and this is 
the most serious sequela. Some children require a pace-
maker to control the arrhythmia. Thrombocytopenia is 
also one of the more frequent effects of neonatal lupus. 
Neonatal lupus is directly caused by the transplacental 
migration of anti-Ro (anti-SSA) antibodies and, to a 
lesser extent, anti-La (anti-SSB) antibodies. The anti-
bodies are only transiently present, because the newborn 
does not produce any new antibodies. Therefore, neo-
natal lupus improves over time, and most children have 
no long-term difficulties. The cutaneous findings in 
neonatal lupus include pink to red patches or plaques, 
predominantly in a periorbital location. The rash 
resolves with time, and if any residual skin finding 
remains, it is that of fine telangiectases in the location 
of the patches and some fine atrophy. The telangiecta-
ses and atrophy tend to improve as the child enters 
adulthood.

Lupus panniculitis (lupus profundus) is a rare cutane-
ous manifestation of lupus. It manifests as a tender 
dermal nodule, more commonly in women. A large 
percentage of patients with lupus panniculitis have been 
reported to go on to develop SLE. The overlying skin 
may appear slightly erythematous to hyperpigmented, 
but there is no appreciable surface change. The dermal 
nodules tend to slowly enlarge with time. The diagnosis 
can be made only by biopsy, because the clinical picture 
is not specific. Biopsies of these dermal nodules are best 
performed with an excisional technique to obtain suf-
ficient tissue for diagnosis. The inflammation is entirely 
confined to the subcutaneous tissue. The histological 
differential diagnosis of lupus panniculitis is often 
between lupus and cutaneous T-cell panniculitis. The 
diagnosis requires the use of both clinical and histologi-
cal information. The histological evaluation often 
requires immunohistochemical staining to help differ-
entiate the lesions from those of other mimickers. 
Lesions of lupus panniculitis often heal with atrophic 
scarring.

Tumid lupus is a rare clinical variant of cutaneous 
lupus that typically manifests as a red dermal plaque  
on a sun-exposed surface of the skin. Clinically, it  
can appear similar to polymorphous light eruption, 

Lupus chilblains is a unique form of Raynaud’s phe-
nomenon, and it is identical in clinical presentation to 
pernio. It may be that this is just pernio occurring in  
a patient with lupus. Lupus chilblains and pernio  
manifest typically on the distal extremities, the toes 
being the most commonly affected region. The patient 
develops tender, cold, purplish papules and plaques. 
The rash is exacerbated by cold and wet environments. 

Skin
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serous membranes
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Blood vessels

Joints

Nuclear body encircled by
granulocytes to form LE rosette
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nuclear
leukocyte
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Pathogenesis of lupus (LE) cells and rosettes

Homogenized
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to form free nuclear
(LE) body

Nuclear (LE) body phago-
cytized by granulocyte
to form typical LE cell

Pericarditis and vegetations on both surfaces
of the mitral valve, chordae tendineae,
papillary muscles, and mural endocardium

Organ systems most commonly
involved in systemic lupus
erythematosus

SYSTEMIC MANIFESTATIONS OF SYSTEMIC LUPUS ERYTHEMATOSUS

CUTANEOUS LUPUS (Continued)
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Treatment: The treatment of cutaneous lupus is dif-
ficult and must be tailored to the patient and the specific 
form of lupus. Potent topical corticosteroids may work 
for a tiny lesion of discoid lupus, but they are not effec-
tive in lupus panniculitis. Universal treatment of cuta-
neous lupus requires sun protection and sunscreen use. 
The sunscreen used should block in the UVA range, 
because this is the most active form of ultraviolet light 
that exacerbates lupus. Smoking should be ceased 

Treatment includes keeping the regions dry and warm  
by avoiding cold exposure. Patients diagnosed with 
pernio probably should undergo screening for lupus, 
because a small percentage of them actually have lupus 
chilblains. Histological evaluation of lupus chilblains 
shows a dense lymphocytic infiltrate with some areas  
of thrombosis of small vessels and a lymphocytic 
vasculitis.

The cutaneous findings seen in SLE are vast and can 
overlap with other forms of cutaneous lupus. Although 
the systemic findings are responsible for the morbidity 
and mortality, the cutaneous findings are often the pre-
senting sign, and, if the clinician is aware, they can help 
make the diagnosis. The most important of the cutane-
ous skin findings in SLE is the malar rash. This rash 
manifests as a tender, pink-to-red plaque or patch on 
the cheeks and nose, mimicking the shape of a butterfly; 
hence, it has been termed the “butterfly rash of lupus.” 
It is commonly mistaken for rosacea, and vice versa. 
Rosacea typically affects a wider area of skin and is 
associated with more telangiectases and papulopustular 
lesions. The malar rash of lupus also spares the nasola-
bial fold, which is an important clinical finding and a 
discriminating objective discovery. It is typically more 
prominent during systemic flares of the underlying 
SLE, and patients can appear very ill. Patients are 
exquisitely photosensitive, and the rash is exacerbated 
by exposure to ultraviolet light.

Discoid lupus is also seen as a manifestation of sys-
temic lupus, and it has the same clinical appearance as 
described earlier. Raynaud’s phenomenon is well 
described, and a high percentage of patients with SLE 
report those symptoms. Alopecia was long used to help 
make the diagnosis of lupus. It is no longer part of the 
diagnostic criteria, but it can have significant psycho-
logical impact on the patient. Nail and capillary nail 
fold changes are seen if looked for. The true incidence 
of these findings is unknown. Nail fold telangiectases 
and erythema are the two most common nail findings. 
Nail pitting, ridging, and alterations in the color of the 
lunula have also been reported. Lupus patients with nail 
changes have been found to have a higher incidence of 
mucosal ulcerations, which are another of the mucocu-
taneous findings of SLE. Livedo reticularis is a fishnet-
like pattern found typically on the lower extremities; it 
is a nonspecific finding but has been reported com-
monly in lupus. It also occurs in many other skin and 
systemic diseases.

Histology: The histological findings in all forms of 
lupus are similar, with specific forms having some 
unique findings. Most forms show an interface derma-
titis with hydropic changes in the basilar layer of the 
epidermis. A superficial and deep periadnexal lympho-
cytic infiltrate is almost universally seen. Other connec-
tive tissue diseases (e.g., dermatomyositis) can have 
similar histological findings. Discoid lupus may show 
scarring, atrophy, and follicular plugging along with 
these other findings. Lupus panniculitis is unique in 
that the inflammation is localized to the subcutaneous 
tissue. The diagnosis of lupus panniculitis is difficult 
and requires a host of special stains and clinical patho-
logical correlation.

immediately, and patients should be screened routinely 
by their family physician or rheumatologist for progres-
sion of the disease.

Specific therapies for cutaneous lupus include oral 
prednisone and hydroxychloroquine or chloroquine as 
the typical first-line agents. If these are unsuccessful, 
quinacrine can be added. Other agents that have been 
reported to be effective include dapsone, isotretinoin, 
and methotrexate.

Lupus erythematosus disseminatus

CUTANEOUS MANIFESTATIONS OF LUPUS

Lupus chilblains. Tender red to purple macules
and papules on the feet. Exacerbated by cold
and wet environments

Neonatal lupus. Neonatal lupus is transient
in nature and is caused by maternal anti-
bodies that cross the placenta. Newborns
are at risk for developing heart block.
The cutaneous findings eventually resolve
spontaneously.

CUTANEOUS LUPUS (Continued)
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Histology: Histological examination of skin biopsies 
from patients with cutis laxa reveals varying degrees of 
elastic fiber damage andâ†œ/or loss. The best way to appre-
ciate this is with special staining to highlight elastic 
tissue. In some cases, there is a complete loss of elastic 
fibers; in others, fragmented and reduced amounts of 
elastic tissue are seen.

CUTIS LAXA

Cutis laxa is an unusual skin disease with multisystem 
complications. It has highly characteristic cutaneous 
findings. Laxity of the skin is the hallmark of this 
disease. The skin becomes easily stretched, and there is 
little elastic rebound. As patients age, gravity alone can 
make the skin droop to a disfiguring degree. Some 
forms of cutis laxa are incompatible with life, and those 
affected die in infancy. Many variants of cutis laxa have 
been described. With the discovery of the responsible 
gene defects, the phenotypes of this disease that are 
seen clinically have been better defined on the genetic 
level. Acquired variants of cutis laxa have been described.

Clinical Findings: Cutis laxa has no sexual or racial 
predilection. The cutaneous hallmark of the disease is 
loose, hanging skin with a lack of elasticity. The skin 
can be pulled with little resistance; the normal return 
of the skin to its preexisting state is delayed. The skin 
in the axillae and groin folds is prominently affected, as 
is the facial skin. The face is said to take on a “hound 
dog” appearance. All skin is involved to varying degrees, 
but the effects are most noticeable in areas of the face 
and in the skin folds. The overlying epidermis is com-
pletely normal, and the adnexal structures are spared.

Internal manifestations are variable and are more 
common with the autosomal recessive forms of the 
disease. The pulmonary, cardiovascular, and gastroin-
testinal systems can be affected by fragmentation or loss 
of elastic tissue, leading, respectively, to emphysema, 
aneurysms, and diverticula.

Those with the autosomal dominant form appear to 
have normal life spans, whereas those with the other 
variants have significantly shortened life spans second-
ary to severe systemic involvement.

Pathogenesis: Many modes of inheritance have been 
reported for cutis laxa, including autosomal recessive, 
autosomal dominant, and X-linked recessive forms. 
The X-linked form is now considered to be the same 
disease as Ehlers-Danlos syndrome IX. This form is 
caused by a defect in a copper-dependent adenosine 
triphosphatase (ATPase) protein found within the 
Golgi apparatus.

There are two autosomal recessive variants of cutis 
laxa. The autosomal recessive variant type I is extremely 
rare, and those afflicted typically die early in infancy 
from severe pulmonary and multisystem failure. Auto-
somal recessive type I cutis laxa has been found to be 
caused by a defect in the fibulin-5 gene (FBLN5). The 
product of this gene is critical in producing functional 
elastic fibers. Its absence is incompatible with life. Type 
II autosomal recessive cutis laxa is more commonly 
encountered than type I. The genetic defect in type II 
cutis laxa has yet to be defined. Patients with type II 
experience developmental delay and have varying 
amounts of joint laxity.

The most frequently seen form of cutis laxa is the 
autosomal dominant form, which is caused by a defect 
in the elastin gene (ELN). Many different mutations in 
this gene have been described, and they lead to slightly 
different phenotypes of the disease.

All of these gene defects lead to abnormalities in the 
elastic fiber protein, resulting in elastolysis. Various 
defects lead to different irregularities in the elastic 
fibers, but the end result in all forms is seen clinically 
as cutis laxa.

Treatment: The main goals of therapy is to screen 
for underlying cardiac or gastrointestinal abnormalities 
and for the possibility of aortic aneurysm or gastroin-
testinal diverticula formation. There is no medication 
that can reverse the genetic defect, and no gene replace-
ment therapy is available. Excessive skin can be surgi-
cally removed to improve functionality and cosmesis.

Cutis laxa is an inherited or acquired 
abnormality of elastic tissue. The skin 
becomes loose over time and hangs 
from the body. Large folds of redundant
skin present on the trunk.

Cutis laxa. This rare disease is caused by the
premature degeneration of elastic fibers. It
manifests clinically with excessive sagging
of the skin. The affected face may take on a
“hound dog” appearance.
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Patients with dermatomyositis also complain of pho-
tosensitivity and notice a flare of their skin disease with 
ultraviolet light exposure. Children with dermatomyo-
sitis are much more prone to develop calcinosis cutis 
than their adult counterparts, and approximately 50% 
of all children with dermatomyositis will develop this 
feature. Calcinosis cutis manifests as tender dermal 
nodules or as calcifications along the muscle fascia. 

DERMATOMYOSITIS

Dermatomyositis is a chronic connective tissue disease 
that can be associated with an underlying internal 
malignancy. This connective tissue disease shares  
similarities with polymyositis, but the latter has no 
cutaneous findings. Up to one third of patients with 
dermatomyositis have an underlying malignancy. The 
myositis is often prominent and manifests as tenderness 
and weakness of the proximal muscle groups. The 
pelvic and shoulder girdle muscles are the ones most 
commonly affected. Dermatomyositis sine myositis is a 
well-recognized variant that has only the cutaneous 
findings; evidence of muscle involvement is absent.

Clinical Findings: Dermatomyositis has a bimodal 
age of onset, with the most common form occurring in 
the female adult population, usually between the ages 
of 45 and 60 years, and a smaller peak in childhood  
at about 10 to 15 years of age. African Americans are 
affected three to four times more often than Cauca-
sians. Dermatomyositis has an insidious onset, with the 
development of proximal muscle weakness in associa-
tion with various dermatological findings. Skin findings 
start slowly and are nonspecific at first. Usually, there 
is some mild erythema on the hands and sun-exposed 
regions of the head and neck. Over time, the more 
typical cutaneous findings become evident. Pruritus is 
a common complaint, and patients not infrequently 
complain of severe scalp pruritus well before any signs 
or symptoms of dermatomyositis appear.

The heliotrope rash of dermatomyositis is one of the 
most easily recognized and specific findings. It is mani-
fested by periorbital edema and a light purple discolor-
ation of the periorbital skin. The skin is tender to the 
touch. Hyperemia of the nail beds and dilated capillary 
loops are noticeable and are similar to those seen in 
progressive systemic sclerosis or lupus erythematous. 
The dilated capillary loops are best appreciated with the 
use of a handheld dermatoscope that serves to magnify 
the region of interest.

Purplish to red, scaly papules develop on the dorsum 
of the hands overlying the joints of the phalanges. 
These are not Heberden’s nodes, which are a manifesta-
tion of osteoarthritis seen as dermal swellings overlying 
the distal interphalangeal joints. The papules seen in 
dermatomyositis have been termed Gottron’s papules. 
Gottron’s papules may be seen overlying any joint on 
the hands, as well as other joints such as the elbows and 
knees. The skin findings on the dorsal hands have led 
to the term “mechanic’s hands.” This refers to the 
ragged appearance of the hands in dermatomyositis; 
they resemble the hands of a mechanic that have suf-
fered chronic trauma, abrasions, and erosions second-
ary to the occupation.

The “shawl sign” is a cutaneous finding seen on the 
upper back and chest. The shawl sign is so named 
because the location is in the same area that would be 
covered by a shawl garment. The skin has poikiloder-
matous macules and patches. There is a varying amount 
of skin atrophy with telangiectases, mottled hyperpig-
mentation and hypopigmentation, and erythema of the 
involved region.

Periorbital heliotrope rash
with purple discoloration
and edema

MANIFESTATIONS OF DERMATOMYOSITIS

Difficulty in swallowing
due to pharyngeal
muscle weakness may
lead to aspiration
pneumonia.

Weakness of diaphragm
and intercostal muscle
causes respiratory
insufficiency
or failure.

Weakness of
central muscle
groups evidenced
by difficulty in
climbing stairs,
rising from chairs,
and combing hair

Gottron’s papules.
Erythematous or
violaceous, scaly
papules on 
dorsum of
interphalangeal
joints

Longitudinal section of muscle showing intense
inflammatory infiltration plus degeneration
and disruption of muscle fibers         

Difficulty in arising
from a chair is often
an early complaint.

Leukocytoclastic vasculitis also is seen much more fre-
quently in juvenile dermatomyositis than in the adult 
form.

Dermatomyositis is a multisystem disorder. DiagÂ�
nostic criteria have been established by the American 
College of Rheumatology. They are based on the  
presence of clinical, laboratory, and histological find-
ings. Not all patients have all aspects of the disease, and 



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 91

Plate 4-20� Rashes

agent to keep the disease at bay. Many steroid-sparing 
agents have been used, including hydroxychloroquine, 
quinacrine, cyclosporine, intravenous immunoglobulin 
(IVIG), azathioprine, and methotrexate, all with vari-
able success. Combination therapy is the norm.

The use of sun protection and sunscreen cannot  
be overemphasized. Topical corticosteroids help relieve 

the diagnosis is based on the number of the criteria 
fulfilled.

Inflammation of the proximal muscle groups has been 
well described. Patients often complain of difficulty in 
standing from a sitting position or in raising their hands 
above their heads. Patients have elevated serum concen-
trations of creatinine kinase, aldolase, and lactate dehy-
drogenase. This is indicative of muscle inflammation 
and breakdown. An electromyogram (EMG) can be 
used to evaluate the weakness and to differentiate a 
nerve origin from a muscle origin. A muscle biopsy, 
most commonly of the deltoid muscle, shows active 
inflammation on histological examination.

This disease can rarely manifest with severe, diffuse 
interstitial pulmonary fibrosis. Patients with pulmonary 
fibrosis most often test positive for the anti-Jo1 anti-
body. Anti-Jo1 antibodies have been found to be tar-
geted against the histidyl–transfer RNA synthetase 
protein. Overall, it is an uncommon finding except  
in dermatomyositis patients with pulmonary disease. 
More than 75% of patients with dermatomyositis test 
positive for antinuclear antibodies (ANA). Those with 
malignancy-associated dermatomyositis typically do 
not develop pulmonary fibrosis, and those with pulmo-
nary fibrosis do not develop a malignancy.

The malignancy most commonly associated with 
dermatomyositis is ovarian cancer. Many other malig-
nancies have been seen in association with dermato-
myositis, including breast, lung, lymphoma, and gastric 
cancers. Malignancy is seen before the onset of the rash 
in about one third of the cases, concurrently with the 
rash in one third, and within 2 years after diagnosis of 
the dermatomyositis in one third. After the diagnosis  
of dermatomyositis, it is imperative to search for an 
underlying malignancy and to perform age-appropriate 
cancer screening. Childhood dermatomyositis is rarely 
associated with an underlying malignancy.

Pathogenesis: The exact etiology of dermatomyositis 
is unknown. It has been theorized to occur secondary 
to abnormalities in the humoral immune system. The 
precise mechanism is under intense research.

Histology: Histological examination of a skin biopsy 
specimen shows an interface lymphocytic dermatitis. 
Hydropic change is seen scattered along the basilar cell 
layer. The epidermis has varying degrees of atrophy. A 
superficial and deep periadnexal lymphocytic infiltrate 
is common. The presence of dermal mucin in abun-
dance is another histological clue to the diagnosis. A 
muscle biopsy often shows atrophy of the involved 
muscle with a dense lymphocytic infiltrate.

Treatment: There is no known cure for dermato-
myositis, although some cases spontaneously remit. 
Cases associated with an underlying malignancy have 
been shown to go into full remission with cure of the 
underlying cancer. Relapse of dermatomyositis in these 
patients should prompt the clinician to search for a 
recurrence of their malignancy. Initial treatment is 
usually with prednisone, which acts as a nonspecific 
immunosuppressant. The addition of a steroid-sparing 
agent is almost always needed to avoid the long-term 
side effects of prednisone. Some patients require a 
smaller dose of prednisone along with a steroid-sparing 

the itching and decrease some of the redness. The  
treatment of juvenile dermatomyositis is similar. It is 
believed to have a better prognosis, because few cases 
are associated with an underlying cancer. It is thought 
that early treatment of juvenile dermatomyositis 
decreases the risk of developing severe calcinosis cutis 
during the course of the disease.

Head in flexed
position due to
proximal muscle
weakness

Difficulty in 
swallowing due
to esophageal
weaknessEdema and heliotrope discoloration

of eyelids; erythematous rash

CUTANEOUS AND LABORATORY FINDINGS IN DERMATOMYOSITIS
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findings 2. Elevated serum enzymes. creatine phosphokinase (CPK), aldolase, and aspartate

    amine transferase (AST, SGOT)
3. Elevated urinary creatine and myoglobulin levels

DERMATOMYOSITIS (Continued)
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is widespread hemorrhage. In cases of sepsis-induced 
DIC, evidence of the causative organism may be found 
in the biopsy specimen.

Treatment: Treatment requires prompt recognition 
of the condition and immediate supportive care. Treat-
ment of the underlying infection is a must, and in 
trauma-induced cases, bleeding must be stopped and 
coagulation factors replaced as they are lost. The main 

DISSEMINATED INTRAVASCULAR 
COAGULATION

Disseminated intravascular coagulation (DIC) is a 
serious, life-threatening condition of the blood clotting 
system that can be caused by myriad insults to  
the body. It has a grave prognosis unless caught and 
treated early in the course of disease. Skin maniÂ�
festations occur early and continue to progress unless 
the patient recovers. The skin lesions may lead to gan-
grene and secondary infection, further worsening the 
prognosis. DIC is seen as an end-stage process, caused 
by the consumption of blood clotting factors, that 
results in uncontrolled clotting and bleeding occurring 
simultaneously.

Clinical Findings: DIC occurs in males and females 
with equal incidence and has no racial or ethnic predi-
lection. DIC has a wide range of cutaneous findings. 
Patients are often gravely ill and hospitalized in a criti-
cal care setting. A small subset of patients with early 
DIC present with cutaneous findings. The remainder 
of patients are first diagnosed with DIC and eventually 
develop cutaneous manifestations. The initial cutane-
ous clinical appearance is that of small petechiae that 
enlarge and coalesce into large macules and plaques of 
erythema. There may be a livedo reticularis pattern to 
the extremities. This fishnet-like appearance can be 
seen in other dermatological conditions. The petechiae 
quickly convert to purpuric plaques. Ulceration, necro-
sis, and blister formation are commonly seen in the 
areas of involvement. As the disease progresses, gan-
grene may develop in the affected areas as the blood 
flow to the skin is significantly decreased due to clotting 
of various components of the vascular system. Gan-
grene may lead to secondary infection. The finding of 
gangrene indicates a grave prognosis, and most of these 
patients do not survive. If DIC is treated aggressively 
and early, the survival rate is still only 40% to 50%  
at best.

DIC is considered to be a consumptive coagulopathy. 
The initial event that starts the reaction can be multi-
factorial. The most common causes of DIC are under-
lying malignancy (especially leukemia), severe traumatic 
events, sepsis, and obstetric complications. Each of 
these associated conditions has its own specific clinical 
setting. As DIC progresses, uncontrollable clotting and 
bleeding coexist, and patients often succumb to infec-
tion, thrombosis, or exsanguination. ThrombocytoÂ�
penia is a common laboratory finding, as is an elevation 
of the bleeding time, prothrombin time (PT), and 
partial thromboplastin time (PTT). Fibrinogen is con-
sumed, leading to an increase in fibrin degradation 
metabolites.

Pathogenesis: DIC may be subdivided into predomi-
nantly hemorrhagic and predominantly thrombotic 
types, although overlapping features of both occur in 
all cases. An inciting event such as trauma or infection 
initiates the clotting cascade in which the clotting 
factors are used up (or lost, in cases of severe bleeding) 
faster than they can be replaced. This sets off a cascade 
of events within the clotting system that results in con-
sumption of all the factors used in clotting, leading to 
thrombosis and hemorrhage.

Histology: Examination of skin biopsies shows necro-
sis of the overlying epidermis and parts of the dermis. 
Thrombosis of the small veins and arterioles is seen, as 

component of therapy is treatment of the underlying 
cause that has precipitated the DIC event. The treat-
ment of DIC is complicated and should be undertaken 
in a critical care setting. Many agents are used to help 
decrease thrombosis and replace lost clotting factors. A 
fine balance must be maintained between clotting and 
thrombosis. Patients with severe DIC have a poor 
prognosis.

Extensive exposure 
of subendothelium
activates intrinsic 
pathway excessively.

Cutaneous presentation of disseminated
intravascular coagulation. Livedo reticularis
with skin necrosis

PHYSIOLOGY AND MOLECULAR EVENTS LEADING TO DISSEMINATED INTRAVASCULAR COAGULATION
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elastic fibers. The reason for the abnormality in the 
elastic fibers has yet to be determined, except in those 
cases induced by penicillamine. Penicillamine has been 
shown to disrupt proper formation of elastic tissue. The 
abnormally formed fibers are then extruded from the 
dermis.

Treatment: Many therapies have been attempted, 
and their use is anecdotal at best. There have been  

ELASTOSIS PERFORANS 
SERPIGINOSA

Elastosis perforans serpiginosa is classified as a perÂ�
forating skin disorder. This rare cutaneous eruption  
is believed to be caused by an abnormal expulsion of  
fragmented elastic fibers from the dermis. The elastic 
fibers penetrate the surface of the epidermis and mani-
fest as an unusual serpiginous eruption. It has been  
seen as an isolated finding but also can be seen in asso-
ciation with many underlying conditions, including 
Down syndrome, Ehlers-Danlos syndrome, and Marfan 
syndrome.

Clinical Findings: Elastosis perforans serpiginosa is 
a rare cutaneous perforating skin disease. It is much 
more commonly seen in the young adult population, 
and it has a significant male predominance, with a ratio 
of 4â•›:â•›1 to 5â•›:â•›1. The condition has been most often 
reported on the neck. The eruption typically begins as 
small red papules with an excoriated or slightly ulcer-
ated surface. Initially, pruritus is the main symptom. 
Over time, the papules coalesce into serpiginous, “wan-
dering” eruptions. They can be annular or semicircular. 
The rash runs a waxing and waning course, but most 
cases resolve spontaneously with or without therapy. 
Resolution on average occurs within 6 months, but 
cases lasting up to 5 years have been reported in the 
literature. Most cases are solitary in nature. Patients 
with underlying Down syndrome may have only one 
lesion or widespread cutaneous involvement. It has 
been estimated that up to 1% of patients with Down 
syndrome will develop evidence of this rash over the 
course of their lifetime. Approximately 33% of cases of 
elastosis perforans serpiginosa are associated with an 
underlying disorder (see box to right). An autosomal 
dominant pattern of inheritance has been described in 
a small number of cases, independent of any of the 
listed underlying conditions. The medication penicil-
lamine has long been known to cause abnormalities of 
elastic fibers, and use of this medication has been shown 
to induce an eruption resembling elastosis perforans 
serpiginosa.

As the lesions progress, the epidermis ulcerates in 
pinpoint regions and the underlying fragmentized and 
abnormal elastic tissue extrudes. The areas may become 
more pruritic over time, and occasionally they are 
slightly tender. Most are asymptomatic. The appear-
ance is most concerning for the patient and family 
members.

Histology: Abnormally fragmented eosinophilic 
elastic tissue can be appreciated on routine hematoxylin 
and eosin staining. Special elastic tissue stains can be 
used to better isolate and appreciate the elastic tissue. 
Examination of biopsy specimens shows an isolated area 
of acanthotic epidermis in which a passageway has 
formed. The passage begins in the superficial dermis 
and leads to the surface of the epidermis. This is filled 
with the abnormal elastic tissue, a few histiocytes, and 
an occasional giant cell. Early biopsies can show a cap 
of keratin overlying the passageway.

Pathogenesis: The cutaneous eruption is caused by 
the transepidermal extrusion of abnormally fragmented 

no randomized, prospective, placebo-controlled trials 
for the treatment of this eruption. Many destructive 
modalities have been attempted with varying success. 
Cryotherapy has the most information to support  
its use, but ablative carbon dioxide lasers have also 
been used with good results. No therapy is required, 
because these eruptions almost always spontaneously 
remit.

Elastosis perforans serpiginosa. This unusual
skin finding is often associated with Down
syndrome, osteogenesis imperfecta, and Marfan
syndrome. Isolated idiopathic cases may
also occur.

Fibroblast
nuclei

Transverse fibers of
loose connective tissue

Longitudinal bundles
of collagen and
elastic fibers

Dense connective tissue

Associations with Elastosis Perforans Serpiginosa

Acrogeria
Chronic renal failure
Down syndrome
Ehlers-Danlos syndrome
Marfan syndrome
Medications—penicillamine
Osteogenesis imperfecta
Pseudoxanthoma elasticum
Rothmund-Thomson syndrome
Scleroderma  
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They appear as yellow to slightly red-orange, dome-
shaped papules with an erythematous base. Patients 
often complain of mild pruritus, but occasionally they 
describe a painful sensation when the lesions are pal-
pated. Eruptive xanthomas are rare in both children and 
adults, but they are more commonly seen in adulthood. 
There are no racial or sexual differences in incidence.

Patients diagnosed with eruptive xanthomas that  
are found to be caused by a deficiency in the enzyme 

ERUPTIVE XANTHOMAS

Abnormal accumulation of triglycerides in various 
tissues, including the skin, may lead to the cutaneous 
finding of eruptive xanthomas. The xanthomatous dis-
eases are a diverse group of conditions with unique 
clinical, laboratory, and systemic findings. An abnor-
mality in lipid and cholesterol metabolism is what links 
these conditions together. Fatty acids provide the body 
with more than 40% of its daily energy requirements. 
The majority of fatty acids are supplied directly by the 
normal diet. Proteins and carbohydrates, when present 
in excess, can be converted to triglycerides to be stored 
as a future energy source. This process makes up the 
remaining source of free fatty acids and triglycerides 
supplied to the body.

Normal metabolism of triglycerides occurs through 
complex biochemical pathways. Triglycerides are con-
verted into free fatty acids, which are broken down into 
acetyl-coenzyme A (acetyl-CoA). Acetyl-CoA then 
enters the Krebs cycle to be oxidized and turned into 
adenosine triphosphate (ATP), one of the main forms 
of energy used in cellular processes.

Ingested triglycerides are broken down into free fatty 
acids in the lumen of the intestine by bile acids. The 
free fatty acids are then transported across the gut 
lining as chylomicrons. This process is very rapid and 
occurs within 6 hours after eating. The chylomicrons 
are absorbed by many tissues and are converted back 
into free fatty acids and glycerol by the enzyme lipo-
protein lipase. The free fatty acids can be converted to 
acetyl-CoA, converted to triglyceride and stored as an 
energy source for later use, or used to make various 
phospholipids. The storage of triglycerides for future 
energy use is ideal, because it yields higher amounts of 
energy than either proteins or carbohydrates. Triglyc-
erides can yield 9â•¯kcal/g of energy, whereas proteins 
and carbohydrates produce about 4â•¯kcal/g. This is an 
efficient means of storing energy. Abnormalities in the 
production, breakdown, or storage of triglycerides may 
lead to complications resulting in cutaneous and sys-
temic findings.

Eruptive xanthomas are one of the cutaneous find-
ings caused by an abnormality in lipid metabolism. 
They can be caused by various familial hyperlipopro-
teinemias (types I, III, and V), by medications, or as a 
complication of diabetes. The cutaneous findings are 
identical in all of these conditions. Eruptive xanthomas 
should not be confused with tuberoeruptive, tendinous, 
or planar xanthomas, because these conditions have dif-
ferent biochemical bases and other systemic features 
that are unique. Treatment of eruptive xanthomas 
requires a team approach including endocrinology, car-
diology, and dermatology specialists.

Clinical Findings: Eruptive xanthomas, as the name 
implies, have a rapid eruptive onset (hours to a few 
days). The most common location to be involved is the 
buttocks, but these eruptions can be seen anywhere on 
the body, including the mucous membranes. They have 
a predilection for the extensor surfaces of the skin. 
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eruptive xanthomas
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Hepatosplenomegaly

Umbilicated eruptive xanthomas of buttocks, thighs,
and scrotum. Yellowish papules with some slight
surrounding erythema

lipoprotein lipase are classified as having type I hyper-
lipoproteinemia. This is a rare form of hyperlipopro-
teinemia with onset in childhood. Systemic involvement 
is significant, with recurrent bouts of pancreatitis and 
hepatosplenomegaly. These patients have extremely 
elevated triglyceride and chylomicron levels but normal 
cholesterol levels. The eye may also be affected with 
lipemia retinalis. Lipemia retinalis can be seen only by 
means of a funduscopic examination. Vision is typically 
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causing hypertriglyceridemia. The final common 
pathway in the pathogenesis of eruptive xanthomas is 
the presence of significantly elevated triglyceride levels.

Treatment: The main goal of therapy is to return the 
triglyceride level back to a normal range. Medications 
that can cause hypertriglyceridemia need to be disÂ�
continued. Underlying diabetes needs to be treated 
aggressively to get better control of glucose metabolism 

normal, and the patient is unaware of any eye abnor-
malities. The blood vessels within the eye have a creamy 
white color because of the excess lipid in the blood-
stream. The arteries and veins are equally affected, and 
the only way to differentiate the two is by comparing 
the caliber of the vessel. The arterial light reflex is lost. 
The vessels appear flat, and the rest of the fundus is a 
uniform creamy color. Lipoprotein lipase enzyme activ-
ity can be measured, and this test is used to help diag-
nosis type I hyperlipoproteinemia. Eruptive xanthomas 
can also be seen as part of hyperlipoproteinemia type 
III (familial dysbetalipoproteinemia) and hyperlipopro-
teinemia type V. Type III has been found to be caused 
by a defect in the APOE gene, which encodes the apo-
lipoprotein E protein. This protein is particularly 
important in clearing chylomicrons and intermediate-
density lipoproteins.

Multiple medications have been implicated in the 
production of hypertriglyceridemia. They include 
isotretinoin, glucocorticoids, olanzapine, protease 
inhibitors (especially ritonavir), and indomethacin. 
Alcohol abuse can also be a cause of hypertriglyceride-
mia. Patients presenting with eruptive xanthomas who 
are taking any of these medications should have the 
medication discontinued or another substituted and 
should be reevaluated after treatment.

Diabetes is the most common cause of hypertriglyc-
eridemia, and it probably is also the most common 
cause of eruptive xanthomas. Insulin is required for 
normal functioning of the lipoprotein lipase enzyme. 
Diabetic patients who are deficient in insulin have 
lower activity levels of lipoprotein lipase and increased 
levels of chylomicrons and triglycerides as a result.

On laboratory evaluation, the patient has triglyceride 
levels that are extremely elevated, in the range of 
2000â•¯mg/dL sometimes even surpassing the laboÂ�
ratory’s ability to quantify it. If a sample of blood is 
centrifuged for a few minutes, the white to creamy-
colored triglycerides will become evident and will take 
up a considerable amount of the specimen. On occa-
sion, there are so many triglycerides present that the 
blood sample is a light creamy color even before 
centrifugation.

Histology: The histological findings from biopsies of 
early lesions of eruptive xanthomas can mimic those of 
granuloma annulare. Neutrophils can be evident during 
the formation of an eruptive xanthoma. The neutro-
philic infiltrate lessens and disappears once the lesion 
has had time to establish itself. It is recommended  
that the biopsy specimen be taken from an established 
lesion (one that has been present for a day or two) so 
that more characteristic findings will be seen. Foam 
cells are present with a stippled cytoplasm. The number 
of foam cells is not as prominent as in tuberous or 
tendinous xanthomas. One unique finding is the pres-
ence of extracellular lipid, which is seen between 
bundles of collagen.

Pathogenesis: The varying conditions that can mani-
fest with eruptive xanthomas all have unique ways of 

and insulin requirements. Those patients with familial 
causes need to institute dietary changes (to avoid 
medium-chain triglycerides), increase their activity 
level, and take triglyceride-lowering medications. 
These medications can be used for all causes of hyper-
triglyceridemia. The medications most commonly  
used to lower triglyceride levels are fenofibrate and 
gemfibrozil.

Hyperlipemia retinalis

ACQUIRED HYPERLIPOPROTEINEMIA

Hyperlipemic xanthomatous nodule
(high magnification): few foam cells
amid a mixed inflammatory infiltrate

Eruptive xanthomatosis

ERUPTIVE XANTHOMAS 
(Continued)



96� THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 4-25� Integumentary System

temperatures. More frequent exposures and longer 
exposures seem to increase the risk of development of 
erythema ab igne. The exact mechanism by which the 
rash develops is unknown.

Histology: The skin may be slightly atrophic, and 
elastotic tissue is seen within the dermis. The rete 
ridges may be thinned. Some areas may show evidence 
of changes such as those seen in actinic keratosis. Vacu-
olar degeneration of the basal layer can be seen.

ERYTHEMA AB IGNE

Erythema ab igne is an unusual rash that can develop 
secondary to exposure to an exogenous heat source. 
The name is derived from the Latin phrase meaning 
“redness from the fire.” It has a clinically characteristic 
pattern. The differential diagnosis is limited. For 
unknown reasons, not all persons exposed to heat 
sources develop the rash of erythema ab igne. Many 
patients develop the rash without even knowing of its 
existence. Reported causes have included hot water 
bottles, heating blankets, heaters, and computer laptops. 
Essentially any exogenous heat source can cause this 
reaction. Erythema ab igne has also been called the 
“roasted skin” or “toasted skin” syndrome. The exact 
temperature needed for the reaction to occur is 
unknown, and for some reason it does not occur from 
hot tub use, most likely because the causes of erythema 
ab igne are dry heat or temperatures higher than those 
of most hot tubs.

Clinical Findings: This condition can be seen in 
individuals of any race and gender. The initiating factor 
is an exogenous heat source that is applied to the skin. 
The heat source exposure is typically chronic and repet-
itive. Patients often notice a fine, lacy, red, reticulated 
macule or patch. Occasionally, no inflammatory phase 
is noticed, only a reticulated hyperpigmentation of the 
skin. Some patients do not realize that the rash is 
located on skin in direct approximation to a heat source. 
The lower back is a commonly affected area, secondary 
to the use of heating blankets or bottles to help treat 
chronic lower back pain. There have been many reports 
of erythema ab igne from exposures to all sorts of heat 
sources. Laptop computers can release a large amount 
of energy as infrared radiation; if someone is chroni-
cally using a laptop computer in direct approximation 
to their skin (e.g., anterior thighs), the rash of erythema 
ab igne may develop. The diagnosis is typically made 
by clinical examination and historical information. 
Patients often need to be asked whether they have been 
using a heating device or consistently using a laptop 
computer, because the correlation is not evident to 
them. The development of actinic keratosis or squa-
mous cell carcinoma within the areas of erythema ab 
igne has rarely been reported.

Pathogenesis: Erythema ab igne is caused by the 
direct effects of heat on the skin. The temperature 
required has not been precisely defined, but the range 
of 43°C to 47°C seems to be most likely. In any case, 
there must be repeated exposure to subthermal burning 

Treatment: The goal of therapy is to discover and 
remove the exogenous heat source. Once the heat 
source is removed, most of these rashes slowly fade 
away over months. Some of the hyperpigmented areas 
may persist, however. Use of emollient creams or Klig-
man’s formulation has been reported. Kligman’s formu-
lation includes a retinoid, a steroid, and a skin-lightening 
cream. Laser therapy has also been used to decrease the 
pigmentary disturbance.

Common Etiologies of Erythema Ab Igne

Heating blanket/pad
Hot water bottles
Localized heaters/radiators
Laptop computers

Also known as “toasted skin syndrome,” erythema 
ab igne is caused by excessive heat transfer to the 
underlying skin. Hot water bottles and heating 
pads are most commonly implicated.

The abdomen, lower back,
and legs are most frequently
affected.
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ERYTHEMA ANNULARE 
CENTRIFUGUM

Erythema annulare centrifugum (EAC) is an idiopathic 
rash that is classified with the gyrate erythema family. 
It is believed to be a cutaneous reaction to many differ-
ent antigenic stimuli, although no firm conclusion on 
the pathogenesis has been made. It has a characteristic 
clinical presentation that is easily recognized. The 
pathology of EAC is also characteristic and helps make 
the diagnosis by ruling out other conditions. EAC can 
be a marker of internal malignancy, but most cases, by 
far, are not associated with an underlying malignancy.

Clinical Findings: EAC often manifests insidiously. 
It has been reported to occur at any age and has no 
sexual or racial predilection. It has an unusual and pecu-
liar morphology. The lesions start as small, pink papules 
that slowly expand. The patches of EAC are pink to red 
with a slowly expanding border. The peculiar and char-
acteristic finding is the presence of a trailing scale. The 
leading edge of the rash advances and is followed by a 
few millimeters of fine trailing scale that continues to 
track the leading edge. As the rash expands outward,  
a central area of clearing forms. This central area is 
flesh colored. In tinea infections, in contrast, the scale 
represents the leading edge and travels in front of  
the expanding erythema. The main differential diagno-
sis is between erythema annulare centrifugum, tinea 
corporis, and mycosis fungoides. Potassium hydroxide 
(KOH) examination will rule out a dermatophyte, and 
a biopsy is required to differentiate EAC from mycosis 
fungoides.

The rash of EAC can be asymptomatic to severely 
pruritic. Most cases are mildly pruritic, but the most 
common complaint is of the unsightly appearance. The 
trunk is the body area most commonly involved, fol-
lowed by the extremities. It is rarely seen on the face. 
Some areas may resolve at the same time that new areas 
are occurring.

Pathogenesis: The exact etiology of EAC is unknown. 
It is believed to be a reaction to many different anti-
genic stimuli. Research has suggested that EAC can be 
seen as a reaction pattern to an underlying tinea infec-
tion; this is thought to be a type IV hypersensitivity 
reaction. Many causes have been reported, including 
infections (fungal, bacterial, and viral) and medications, 
and EAC has been reported in association with many 
different underlying malignancies.

Histology: Biopsies of EAC lesions should be taken 
from the advancing border. EAC has a superficial  

Erythema annulare centrifugum.
Characteristic trailing scale

Histology of erythema annulare centrifugum will show tight perivascular infiltrates of lymphocytes often
referred to as “coat sleeving” of the vessels.

and deep perivascular lymphocytic infiltrate. The infil-
trate has a highly characteristic “coat sleeve” appear-
ance around the vessels. The lymphocytic infiltrate is 
concentrated immediately around the vessels in the 
dermis, and the lymphocytes appear to be coating the 
vessel walls.

Treatment: EAC is almost always a self-limited 
process that spontaneously resolves. If an underlying 

infection is suspected, treatment and resolution of the 
infection has been shown to help resolve the rash of 
EAC. Malignancy-associated EAC is chronic in nature; 
it tends to resolve with treatment of the malignancy and 
to recur with relapses. Drug-induced EAC responds to 
discontinuation of the offending medication. Topical 
corticosteroids such as triamcinolone may be used to 
help decrease the erythema and pruritus.
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Most cases of erythema multiforme minor self-resolve, 
but they do have a tendency to recur.

Erythema multiforme major has been considered by 
many to be the same entity as SJS. This may be true, 
because the pathogenesis and clinical appearance can be 
similar. However, subtle differences exist and warrant 
classifying this condition independently. Both erythema 
multiforme major and SJS are most often induced by 
medications. The mucocutaneous surfaces are affected 

ERYTHEMA MULTIFORME, 
STEVENS-JOHNSON SYNDROME, 
AND TOXIC EPIDERMAL 
NECROLYSIS

Erythema multiforme minor, erythema multiforme 
major, Stevens-Johnson syndrome (SJS), and toxic epi-
dermal necrolysis are all classified as hypersensitivity 
reactions, with the most common initiating event being 
a medication or an infection. Some authors consider 
these to be completely distinct entities with specific 
etiologies. Until that is proven, a simple way of 
approaching these diseases is to consider them as rep-
resenting a continuum with varying degrees of muco-
cutaneous involvement. Erythema multiforme minor is 
the most likely of all these conditions to be a unique 
entity, because it is more commonly caused by infection 
(e.g., herpes simplex virus, Mycoplasma pneumoniae). It 
is also more commonly seen in childhood. The other 
entities are much more likely to be initiated by medica-
tions. Almost all types of medications have been 
reported to cause these reactions, but a few classes 
account for most of these severe skin reactions. The 
classes of medications most commonly implicated are 
antibiotics (especially sulfa-based products), antiepilep-
tics, allopurinol, and the nonsteroidal antiinflammatory 
drugs (NSAIDs).

Clinical Findings: There is no racial or ethnic pre-
dilection, and males and females are equally affected. 
For unknown reasons, patients with coexisting human 
immunodeficiency virus (HIV) infection are much 
more likely to develop a serious drug eruption than 
HIV-negative controls. The pathomechanism of this 
reaction is poorly understood.

Erythema multiforme minor is the most frequently 
seen of these eruptions. It is more common in children 
and young adults and can be caused by a myriad of 
infections and medications. Exposures to topical anti-
gens such as urushiol in the poison ivy plant have also 
been reported to cause rashes resembling erythema 
multiforme minor. The most common cause that has 
been isolated is the herpes simplex virus. The rash of 
erythema multiforme minor can be seen in association 
with a coexisting herpesvirus infection or independent 
of the viral infection. Most episodes last for 2 to 3 
weeks. A subset of patients have recurrent episodes. 
The rash appears acutely as a well-defined macule with 
a “target” appearance—a red center, a surrounding area 
of normal-appearing skin, and a rim of erythema that 
encircles the entire lesion. The peripheral rim is very 
well circumscribed and demarcated from the normal 
skin. Over a day, the macules may turn into edematous 
plaques. As time progresses, the center of the lesion 
becomes purple or dusky red. There may be only one 
area of involvement or hundreds in severe cases. Ery-
thema multiforme minor affects the palms and soles; 
the target lesions in these areas can be very prominent 
and classic in appearance. The mucous membranes of 
the oral mucosa are involved in 20% of cases of ery-
thema multiforme minor. Edematous pink-red plaques 
can be seen, as well as the more classic target lesions. 
If other mucous membranes are involved, the classifica-
tion of erythema multiforme minor should not be used; 
the patient more likely has erythema multiforme major. 

to a significant degree. In severe cases, the mucosal 
membranes of the respiratory and gastrointestinal tract 
may also be affected. Erythema multiforme major and 
SJS typically begin with a nonspecific prodrome of fever 
and malaise. Fever is the most frequent nonmucocuta-
neous symptom. The rash begins insidiously as pink 
macules that quickly develop a dusky purple central 
region. The typical target-like lesion of erythema mul-
tiforme minor is usually absent in SJS but may be seen 

Erythema multiforme exudativum

ERYTHEMA MULTIFORME, STEVENS-JOHNSON SYNDROME, AND TOXIC EPIDERMAL NECROLYSIS

All have similar and overlapping histological features. A subepidermal blister is forming here due to
necrosis of the overlying epidermis. There is a lymphocytic predominate perivascular infiltrate.

Stevens-Johnson syndrome
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fluid and electrolyte balancing. Most patients with 
severe involvement will benefit from the experience of 
a burn unit. SJS and toxic epidermal necrolysis can be 
treated similarly to burns, because the same technical 
issues are involved. There is no consensus on how to 
treat these two conditions with medications. The use of 
oral steroids early in the course of disease may help 
lessen the overall involvement, but steroids increase the 
risk of secondary infection and should not be used in 

in erythema multiforme major. Erythema multiforme 
major is differentiated from erythema multiforme 
minor in that it affects a larger surface area and affects 
two mucous membranes.

In SJS, the dusky center of the lesion soon begins to 
blister, first as small vesicles and then coalescing into 
larger bullae. The extent and body surface area (BSA) 
of blistering is used to differentiate SJS from toxic epi-
dermal necrolysis. Most authors consider blistering of 
10% of the BSA and involvement of at least two mucosal 
surfaces to be definitive for SJS. Those cases with 10% 
to 30% BSA involvement have been termed SJS–toxic 
epidermal necrolysis overlap. Cases with greater than 30% 
BSA involvement are considered to represent toxic epi-
dermal necrolysis. Light lateral pressure at the edge of 
a bulla or vesicle is an objective physical test that can 
be performed at the bedside. Spreading or an increase 
in size of the blister with pressure indicates separation 
of the epidermis from the underlying dermis and is 
termed Nikolsky sign.

Pathogenesis: Erythema multiforme major/SJS is 
believed to be a hypersensitivity reaction to certain 
medications. The insulting medication is thought to be 
metabolized into a recognizable antigen or to act as an 
antigen without metabolic degradation. Antibodies 
bind to the drug antigen and form antigen-antibody 
complexes that can deposit in the skin and other 
regions, causing an inflammatory cascade and the clini-
cal findings.

Histology: The classic histological picture of ery-
thema multiforme minor and major shows an acute 
inflammatory infiltrate along the dermal-epidermal 
junction. The stratum corneum is normal. There is an 
interface dermatitis with vacuolar degeneration of the 
basal cell layer. The interface dermatitis leads to necro-
sis and death of the basilar keratinocytes. If the necrosis 
spreads and coalesces, small areas of subepidermal 
blister formation may be seen. Erythema multiforme 
minor can share some features with fixed drug erup-
tions. In fixed drug eruptions melanophages are typi-
cally present, whereas this is not the case in erythema 
multiforme. Biopsy specimens of SJS and toxic epider-
mal necrolysis show more interface damage and blister-
ing of the skin. The plane of separation is in the 
subepidermal space.

Treatment: Therapy for erythema multiforme minor 
and erythema multiforme major requires supportive 
care. The skin lesions typically self-resolve with minimal 
to no sequelae. Topical corticosteroids may help 
decrease the time to healing and decrease symptoms of 
pruritus. Recurrent episodes of erythema multiforme 
due to herpesvirus infection can be treated with chronic 
daily use of an antiviral agent such as acyclovir. This 
decreases the recurrence of herpes simplex infection 
and the resulting erythema multiforme reaction. Oral 
lesions can be treated with topical analgesics; the use of 
oral steroids is reserved for severe cases.

SJS can be a life-threatening condition and can prog-
ress to toxic epidermal necrolysis. For both SJS and 
toxic epidermal necrolysis, the cause of the reaction 
should be identified and withdrawn, and infections 
should be treated appropriately. These patients require 
aggressive supportive care, including wound care and 

patients with infection-induced disease. If used late in 
the course of disease, they appear not to help and only 
increase risk of side effects. Intravenous immunoglobu-
lin (IVIG) has been used to treat these conditions with 
varying success. If used early, it may modify the disease 
course; if used late, it is unlikely to be of any help. The 
amount of BSA involved with blistering is related to the 
prognosis. Those with greater BSA blistering tend to 
fare worse than those with smaller BSA involvement.

Resolving drug eruptions with secondary excoriations.
Drug rashes typically start on the trunk and spread to
the extremities.

Erythema multiforme frequently
affects the palms.

Lichenoid drug eruption.
Dusky purple macules and
patches

DRUG ERUPTIONS

ERYTHEMA MULTIFORME, 
STEVENS-JOHNSON SYNDROME, 
AND TOXIC EPIDERMAL 
NECROLYSIS (Continued)
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Pathogenesis: The etiology of erythema nodosum is 
unknown, but it is thought to be a hypersensitivity reac-
tion pattern to multiple unique stimuli. It is theorized 
that the antigenic stimulus causes the formation of 
antibody-antigen complexes that localize to the septal 
region of the adipose tissue.

Treatment: Treatment is primarily symptomatic. 
One must pursue the possibility of an underlying dis-
order. Erythema nodosum induced by medications or 
pregnancy resolves spontaneously once the medication 

ERYTHEMA NODOSUM

Erythema nodosum, an idiopathic form of panniculitis, 
is seen in association with a wide range of inflammatory 
and infectious diseases. Pregnancy and use of oral con-
traceptives are two of the most common associations. 
Erythema nodosum is believed to occur as a secondary 
phenomenon in response to the underlying disease 
state. The condition typically resolves spontaneously, 
but in some cases it is difficult to treat. Erythema 
nodosum affects the anterior part of the lower legs 
almost exclusively.

Clinical Findings: Erythema nodosum is most com-
monly seen in young adult women. There is no racial 
predilection. The skin findings in erythema nodosum 
have an insidious onset. Small, tender regions begin 
within the dermis and develop into firm, tender dermal 
nodules, with the anterior lower legs almost always 
involved. The rash typically affects both lower legs in 
synchronicity. The lesions can be multifocal or solitary in 
nature. Most patients have multiple areas of involvement, 
with varying sizes of the lesions. Involvement of other 
areas of the body has been reported but is exceedingly 
uncommon. In these dermal nodules, there is a slight  
red or purplish discoloration to the overlying normal-
appearing epidermis. If ulcerations are present, one 
should consider another diagnosis, and a biopsy is war-
ranted. Although almost all cases can be diagnosed on 
clinical grounds, skin biopsies are required for cases that 
are atypical in location or have unusual features such as 
ulcerations, surface change, palpable purpura, or other 
features inconsistent with classic erythema nodosum.

The diagnosis of erythema nodosum should lead to 
a search for a possible underlying association. One of 
the most frequent causes is use of oral contraceptive 
pills. If the rash is thought to be related to the use of 
oral contraceptives, they should be discontinued, after 
which the lesions of erythema nodosum typically 
resolve. Pregnancy is another major cause of erythema 
nodosum. The lesions may be difficult to treat during 
pregnancy, but they will spontaneously resolve after 
delivery. Erythema nodosum may also be seen in asso-
ciation with sarcoid. Löfgren’s syndrome is the combi-
nation of fever, erythema nodosum, and bilateral hilar 
adenopathy that occurs as an acute form of sarcoid. In 
patients with no known reason for erythema nodosum, 
a standard chest radiograph should be considered to 
evaluate for sarcoid or the possibility of an underlying 
fungal or atypical infection. Valley fever (coccidioido-
mycosis), which is caused by the fungus Coccidioides 
immitis, has been linked with the development of ery-
thema nodosum. Patients presenting with erythema 
nodosum who have lived in or traveled to an endemic 
area should be evaluated for this fungal infection. Strep-
tococcal infection and tuberculosis are two other infec-
tions that should be considered. Erythema nodosum 
has also been reported to occur in the inflammatory 
bowel diseases and in Hodgkin’s lymphoma.

Histology: Erythema nodosum is a primary septal 
panniculitis. The inflammation is isolated primarily to 
the fibrous septa that are present within the subcutane-
ous tissue. The fibrous septa are responsible for provid-
ing a framework for the adipose tissue. No vasculitis is 
seen, and its presence should make one reconsider the 
diagnosis. The overlying dermis has a superficial and 
deep perivascular lymphocytic infiltrate. A characteris-
tic finding is that of Miescher’s radial granulomas, 
which represent multiple histiocytes surrounding a 
central cleft. Multinucleated giant cells are also present 
within the septal infiltrate.

is withdrawn or after delivery. Those cases associated 
with an underlying infection, malignancy, or inflam-
matory bowel disease may be longer lasting and may 
show a waxing and waning course. Topical corticoste-
roids, compression stockings, elevation, and nonsteroi-
dal antiinflammatory agents are first-line therapies. 
Severe cases can be treated with a short course of 
prednisone. Supersaturated potassium iodide and  
colchicine have also been reported to be used 
successfully.

Erythema nodosum is a panniculitis that predominantly affects the septal portions of the
adipose tissue. The septal tissue is expanded with a lymphocytic infiltrate.

Main Forms of Panniculitis 

Predominantly septal panniculitis  

 Erythema nodosum

Predominantly lobular panniculitis 

  Lipodermatosclerosis
  α1-antitrypsin deficiency
 panniculitis

  Erythema induratum
  Sclerema neonatorum
  Traumatic panniculitis
  Pancreatic panniculitis 

Erythema nodosum
occurs in <5% of
patients with inflam-
matory bowel disease.
The anterior lower legs
is the most frequent
location.

One of the mainstays of therapy is leg elevation.
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with classic Fabry disease have less than 1% of proper 
enzyme activity. DNA gene sequencing can be per-
formed to isolate the exact genetic defect. Genetic 
testing is the only reliable way to diagnosis females with 
the disease, because female carriers do have some 
plasma enzyme activity.

Treatment: Many medications can be used to treat 
the acroparesthesias, and they typically come from  
the antiseizure class of medications. Phenytoin and 

FABRY DISEASE

Fabry disease (Anderson-Fabry disease) is a rare disease 
caused by a deficiency in the enzyme ceramide trihexo-
sidase (α-galactosidase A). Fabry disease is also known 
by its alternative descriptive name, angiokeratoma cor-
poris diffusum. It is inherited in an X-linked recessive 
pattern and is classified as a lysosomal storage disease. 
The defect in this enzyme causes a lack of proper 
metabolism of globotriaosylceramide (ceramide trihex-
oside) and accumulation of this lipid in various tissues 
throughout the body. Fabry disease affects the skin, 
kidneys, cardiovascular system, eye, and neurological 
system. There is no known cure, but advances in 
enzyme replacement therapy have shown promising 
results. Males are more severely affected; females can 
be affected to varying degrees or can act as carriers of 
the disease. Fabry disease has been estimated to occur 
in 1 of every 50,000 males. There is an increase in the 
mortality rate, with the average age at death for a man 
with classic Fabry disease being 40 years.

Clinical Findings: The clinical manifestations of 
Fabry disease have a slow onset during childhood; the 
average age at onset is 5 to 6 years. Acroparesthesias are 
the initial presenting symptoms in most children. 
Patients have severe pain in the hands and feet that is 
episodic in nature and can last from minutes to hours 
or, in extreme cases, days. The pain is often described 
as a burning sensation. Episodes of stress can induce 
the acroparesthesias. This is accompanied by bouts  
of hypohidrosis or, less commonly, anhidrosis. This 
inability to sweat properly may lead to heat exhaustion 
and heat intolerance. Patients also eventually develop 
varying degrees of hearing loss.

The cutaneous findings consist of numerous angio-
keratomas in unusual locations. These fine, red, hyper-
keratotic papules occur on the trunk and lower 
extremities and are almost always located between the 
umbilicus and the knees. The number of angiokerato-
mas continues to increase with time, eventually reach-
ing hundreds to thousands. The mucous membranes 
may also be involved with angiokeratomas. Presenta-
tion of a child or a young adult with multiple angio-
keratomas should prompt the clinician to consider the 
diagnosis of Fabry disease and to search for any other 
symptoms consistent with the disease. If the  
diagnosis of Fabry disease is made, patients should  
be referred to a specialty center that cares for these 
patients.

The most characteristic ocular finding is that of 
cornea verticillata. This is a whorl-like corneal opacity 
that can be observed only by slit-lamp examination. 
They do not impede vision.

With time, patients begin to develop progressive 
kidney disease. The earliest sign is often asymptomatic 
proteinuria. Continued kidney damage eventually leads 
to chronic renal failure and end-stage renal disease. 
Maltese cross–shaped deposits are often found in the 
urine sediment from patients with Fabry disease and 
represent lipid accumulations. Cardiovascular changes 
can be seen and lead to ischemic heart disease. Stroke 
and cerebral vascular disease are common and cause a 
significant amount of mortality in these patients.

The diagnosis of Fabry disease can be made by evalu-
ating the plasma for α-galactosidase A activity. Males 

gabapentin are used to help control the frequency and 
duration of the episodes. In the past, there were no 
specific therapies for Fabry disease. End-stage renal 
disease often required kidney transplantation. Enzyme 
replacement therapy has been available since 2003  
and has begun to have an impact on morbidity  
in these patients. Long-term studies are needed to 
make any conclusions regarding their effects on 
mortality.

Ceramide
Sphingosine

CH3(CH2)12CH CH

OH NH

RCH CH2O

Long-chain fatty acid-O

V

G
Vacuolization
of glomerular
podocytes and
distal tubular
epithelial cells

Deposition of
glycosphingolipid
in vessel walls (V)
and in ganglion
cells (G)

Perineural
infiltration

Paresthesias with frequent asymmetric
lymphedma of extremities

Acral paresthesias, distal 
arthropathy

Cerbrovascular disease, stroke

Hypohidrosis with hot and cold intolerance
Cardiac and renal disease: left
ventricular hypertrophy may lead
to early-onset myocardial infarction.
Deposition of glycosphingolipids
in the kidney leads to end-stage
renal failure.

Angiokeratoma corporis diffusum:
most prominent between the
umbilicus and mid thighs.
Punctate red angiokeratomasAbdominal pain and

bouts of diarrhea

Corneal opacities, engorged retinal veins

Cornea verticillata—seen
under slit-lamp examination

R�glucose�galactose�galactose and galactose�galactose

X-Linked recessive disease
Males affected, females are carriers with a variable penetrance;
caused by �-galactosidase A deficiency
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within the inflammatory infiltrate. This abnormal 
immune response is responsible for the tissue damage. 
The precise interaction and mechanism by which 
certain medications react with the immune system of 
susceptible individuals to cause fixed drug eruptions has 
not been elucidated.

Treatment: The main point in therapy is making 
the correct diagnosis and removing the offending 

FIXED DRUG ERUPTION

Fixed drug eruptions are responsible for up to 20% of 
all cutaneous drug eruptions. They can occur anywhere 
on the body and have been reported to occur in reaction 
to a long list of medications. There are a few medicines 
in particular that have been associated with fixed drug 
eruptions. One of the most frequent causes in the past 
was phenolphthalein contained in over-the-counter 
laxatives. After the numerous side effects from this 
medication were revealed, it was withdrawn from the 
market and is now of only historical significance. Fixed 
drug eruptions are unique in many ways, both clinically 
and histologically. The exact pathogenesis is unknown.

Clinical Findings: Clinically, fixed drug eruptions 
appear as oval to round, dusky red to purple macules 
with minimal surface change. Some cases have shown 
bullous-type reactions. The fixed drug eruption is 
unique in that it recurs in the same location time and 
time again as the patient is reexposed to the offending 
agent. Sometimes months may pass between exposures, 
and yet the reaction recurs in the same location. The 
glans penis, the oral mucosa, and the hands are the most 
commonly involved areas, although any area of the skin 
may be involved. Most cases show one area of reaction, 
but some have more than one. It is unusual to have 
more than five areas of involvement, but case reports of 
widespread involvement have been reported. In these 
cases, the differential diagnosis includes erythema  
multiforme. Another characteristic feature is the postin-
flammatory hyperpigmentation that occurs after resolu-
tion. This is caused by the vast amount of pigment 
incontinence that results from disruption of the dermal-
epidermal junction. This hyperpigmentation can take 
months to years to resolve.

The list of medications that can cause fixed drug erup-
tions continues to grow. The most frequently reported 
culprits are the sulfa-based antibiotics, nonsteroidal 
antiinflammatory medications, and tetracycline-based 
antibiotics. Common over-the-counter medications 
have also been reported to cause fixed drug eruptions, 
including acetaminophen and herbal supplements. For 
this reason, a thorough history that includes both pre-
scription and other medications is required.

Histology: Fixed drug eruptions are categorized in 
the lichenoid pattern of histological skin disease. These 
drug reactions show a prominent lichenoid infiltrate 
with lymphocytes. The infiltrate is associated with very 
noticeable vacuolar change of the basilar layer of the 
epidermis and prominent formation of necrotic kerati-
nocytes (Civatte bodies). There is melanin incontinence 
within the dermis in all cases, and this can be used to 
differentiate fixed drug eruption from other lichenoid 
reactions. The bullae form within the subepidermal 
space in the bullous variant of fixed drug eruption. Rare 
variants of fixed drug eruption have been described that 
have included evidence of vasculitis. This form is 
exceedingly rare.

Pathogenesis: The etiology is unknown. Research has 
indicated that CD8+ T cells are the primary cell type 

agent. Once this is done, the lesions heal within a 
month. Medium to potent topical corticosteroids  
can be used to help relieve pruritus and potentially 
speed healing. Fixed drug eruptions often leave an area 
of postinflammatory hyperpigmentation or hypopig-
mentation after the initial reaction has resolved.  
This pigmentary abnormality can last for months  
to years.

The glans penis is one of the most frequently
involved areas in fixed drug eruptions.

Fixed drug eruption (H&E stain) exhibiting a lymphocytic lichenoid
infiltrate with pigmentary incontinence. Some vacuolar alteration
may be seen scattered about the epidermal-dermal interface.
Apoptotic keratinocytes can be variable in number.

Lichenoid-appearing
purplish macule or
plaque. Fixed drug
eruptions often occur
at the same location
on future exposure
to the causative agent.
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develop acute episodes of gout. Patients with chronic 
gout are predisposed to the development of tophaceous 
gout. This form of gout manifests as skin deposits of 
urate crystals. It can occur in any location and is most 
often located within the subcutaneous tissue. These 
tophi appear clinically as subcutaneous nodules, often 
overlying the extensor joints, particularly the elbows, 
Achilles tendons, and hands. For some reason, the ear 
is another area that is affected by tophi. The nodules of 

GOUT

Gout is one of the crystal-induced arthropathies that is 
caused by precipitation of uric acid crystals in the joint 
spaces, kidneys, and cutaneous locations. It is divided 
into acute and chronic phases, which have different 
presentations and different treatments. The human 
body’s immune reaction against the urate crystals causes 
more damage than the crystals themselves. Gout has 
been described for centuries and is clinically easily diag-
nosed. Medications, genetic predisposition, and dietary 
habits all contribute to cases of gout. There are other 
crystal-induced arthropathies that must be considered 
in the differential diagnosis of gout, the most common 
being calcium pyrophosphate crystals.

Clinical Findings: Gout is a disease predominantly 
found in the male population. Podagra is the classic 
presentation of an acute gouty attack. Descriptions of 
podagra have been published in the medical literature 
for centuries. It manifests as an acute monoarticular 
arthritis. The joint most commonly affected is the 
metatarsophalangeal articulation of the great toe. The 
clinical signs start as redness overlying the joint, swell-
ing, warmth, and severe pain. Podagra has often been 
described as one of the most painful experiences a 
patient can perceive. A clue to the diagnosis is that the 
pain is often so severe that it appears to be out of pro-
portion to the clinical picture. Patients complain of the 
slightest movement or touch; they are unable to wear 
shoes or bear weight on the foot; and they often have 
trouble with placement of a thin sheet over the affected 
joint. Acute attacks may be frequent, and the need for 
therapy is quite apparent. If no treatment is undertaken, 
an acute case of gout may last 7 days or longer. Any 
joint in the body can be affected by acute gout, but the 
great toe is by far the most common joint of involve-
ment. Patients with acute gout have abnormal labora-
tory test results that can help in the diagnosis. An 
increased white blood cell count with a left shift is 
almost always seen. The markers of acute phase reac-
tants are elevated, including the erythrocyte sedimenta-
tion rate (ESR), ferritin, and C-reactive protein.

The diagnosis can be made at the bedside by joint 
aspiration and microscopic evaluation. The affected 
joint is tapped with a fine-gauge needle and aspirated. 
The aspirate is then evaluated under polarized micros-
copy. Needle-like, elongated crystals of uric acid are 
seen freely within the synovial aspirate and also within 
the leukocytes of patients with gout. Radiographs of  
the affected joint do not show uric acid crystals and  
are likely to show only grossly abnormal soft tissue 
swelling. The serum uric acid level in acute gout can  
be normal, slightly elevated, or abnormally elevated; 
therefore, this test by itself is unreliable in making  
the diagnosis.

Chronic gout, which is seen as a sequela of multiple 
attacks of acute gout, leads to joint destruction and 
chronic arthritis. Patients with chronic gout may also 

tophi may become thinned and partially translucent. 
The tophi may show an underlying yellowish appear-
ance beneath the skin, and occasionally the clumping of 
crystals is appreciated just underneath the skin. With 
trauma, the nodules occasionally ulcerate, and crystals 
drain from the tophi. Saturnine gout is a specific form 
of gout that has been found to be caused by the con-
sumption of homemade moonshine that is contami-
nated with lead.
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overproduce uric acid, and probenecid is used for those 
whose kidneys underexcrete uric acid. Up to one third 
of patients started on allopurinol develop a cutaneous 
rash. If this happens, prompt discontinuation is wise, 
because allopurinol can lead to a severe drug hypersen-
sitivity syndrome. Allopurinol works by inhibiting the 
purine breakdown enzyme, xanthine oxidase. This ulti-
mately decreases the amount of uric acid produced from 
the breakdown of purine byproducts. Historically, 

Pathogenesis: Gout is caused by increased levels of 
uric acid resulting from a decrease in secretion, an 
increase in production, or an increase in dietary intake. 
Underexcretion of uric acid by the kidneys is respon-
sible for most cases of gout. This can result from 
genetic causes or from use of medications that compete 
with the transport of uric acid, especially alcohol and 
the loop diuretics. Uric acid is produced under normal 
circumstances from the breakdown of purine nucleo-
tides. Patients with the Lesch-Nyhan syndrome have a 
defect in the hypoxanthine-guanine phosphoribosyl-
transferase (HGPRT) enzyme, which is encoded by the 
gene HPRT1 and is critical in the purine recycling 
pathway. This syndrome is seen in children and can lead 
to severe neurological disease that is confounded by 
severe gout. Certain chemotherapies cause severe 
immediate death of many leukocytes, resulting in the 
release of a high concentration of uric acid that can 
overwhelm the body’s normal mechanisms of removal, 
leading to gout. Foods found to have high concentra-
tions of uric acid should be avoided by patients with 
preexisting gout, because they have been shown to exac-
erbate the disease.

Histology: Biopsies of gout are rarely performed, 
because the clinical scenario is often diagnostic. When 
tissue of tophi is procured for biopsy, it is best that it 
be fixed in alcohol, because formalin dissolves the uric 
acid crystals, and they will not be seen on histological 
examination. The diagnosis can still be made, because 
the needle-shaped, clefted areas left by the dissolved 
crystals is characteristic. The crystals can be appreciated 
on alcohol-fixed tissue, and they appear needle shaped 
and birefringent under polarized light. The appearance 
of gout is much different from that of calcium pyro-
phosphate histologically, and there is usually no problem 
differentiating the two conditions. The crystals of pseu-
dogout are rhomboid shaped and weakly birefringent.

Treatment: The therapeutic goal in acute gouty 
attacks is to control the patient’s pain, and nonsteroidal 
antiinflammatory drugs (NSAIDs) have long been the 
medications of choice. Indomethacin also has been 
widely used for years. Aspirin should never be used in 
acute gout, because it can transiently increase uric acid 
levels when initiated. Colchicine is another medication 
that is used for the treatment of acute gouty attacks. 
Prednisone can be used to decrease the acute inflam-
mation, pain, and swelling. Medications for the prophy-
lactic treatment of gout are not used in acute episodes, 
because they may make an acute attack worse. They 
have also been shown to cause attacks of acute gout on 
rare occasions.

The most commonly used prophylactic medications 
to help prevent future acute attacks in patients with 
chronic gout are allopurinol and probenecid. AlloÂ�
purinol is used exclusively for those patients who 

Tophaceous deposits in olecranon
bursae, wrists, and hands

Resolution of tophaceous gout
after 27 months of treatment
with uricosuric agents

TOPHACEOUS GOUT

Tophi in auricle

Urate deposits in renal 
parenchyma, urate stones
in renal pelvis

Hand grossly distorted by
multiple tophi (some ulcerated)

allopurinol was the first medication devised to inhibit a 
specific enzyme.

Tophi can be treated with the long-term use of allo-
purinol or probenecid. Over time, the goal is to mobi-
lize the tissue uric acid and increase its excretion from 
the body. This can take years. Individual tophi have 
been surgically removed to help increase range of 
motion, if located around joints, or to improve 
cosmesis.

GOUT (Continued)
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vacuolar and interface changes; grade 2 shows signs of 
keratinocyte death; grade 3 shows clefting within the 
subepidermal space; and grade 4 is full bulla formation 
with epidermal parting.

Lichenoid chronic GVHD shows a lichenoid derma-
titis with a predominantly lymphocytic infiltrate. The 
sclerodermatous form of chronic GVHD shows abnor-
mally thick dermal collagen, much like that seen in 
scleroderma.

Treatment: The treatment of acute GVHD is based 
on the clinical symptoms and the type of skin lesions. 

GRAFT-VERSUS-HOST DISEASE

With the ever-increasing number of bone marrow 
transplantations and increasing survival rates of patients 
undergoing these procedures, graft-versus-host disease 
(GVHD) is becoming more prevalent. Two distinct 
clinical cutaneous forms exist, acute and chronic, each 
with its own manifestations and treatment options. 
Acute GVHD is often manifested by mucocutaneous 
eruptions that can range from a mild macular rash to 
life-threatening blistering of the skin. Chronic cutane-
ous GVHD is entirely different in clinical manifestation 
than its acute counterpart. The two forms are also seen 
during specific time frames: Acute GVHD is most likely 
to occur within the first 3 months after transplantation, 
whereas chronic GVHD occurs later, typically 4 months 
or longer after transplantation.

GVHD can be seen not only after bone marrow 
transplantation but in any immunosuppressed patient 
who has receives antigenically and immunologically 
viable cells from a donor. This may occur during organ 
transplantation or, rarely, during blood transfusion. 
The use of leuko-poor blood has helped decrease the 
chance of GVHD after blood transfusions.

Clinical Findings: Acute GVHD is a common com-
plication after bone marrow transplantation. The inci-
dence has been reported to be as high as 90%. The 
degree of involvement is variable. GVHD affects males 
and females equally, and there is no racial preference. 
Patients who develop acute GVHD typically begin 
having symptoms soon after their cell counts recover, 
usually 1 to 2 weeks after transplantation. Skin rashes 
that develop within the first week after transplantation 
are usually not from GVHD. The skin, upper and lower 
digestive tract, and liver are frequently involved, and 
these organ systems are evaluated to help make the 
diagnosis of GVHD. The rash of acute GVHD can 
range from a fine maculopapular rash to severe  
blistering of the skin that can resemble toxic epidermal 
necrolysis and can be life-threatening. It is difficult, if 
not impossible, to predict the development and course 
of acute GVHD. These patients are always taking mul-
tiple medications, and the differential diagnosis includes 
a drug rash. Histological evaluation of a skin biopsy 
cannot differentiate the two. The coexistence of muco-
sitis, diarrhea, and elevated liver enzymes makes the 
diagnosis of acute GVHD more plausible. The constel-
lation of all these symptoms leads one to make the 
diagnosis.

Chronic GVHD has entirely different clinical mani-
festations. This form of GVHD typically begins 3 to 6 
months after transplantation. The skin is the organ 
system most commonly involved. Two distinct forms  
of chronic cutaneous GVHD occur, lichenoid and 
sclerodermatous. The lichenoid variant manifests as  
red papules, patches, and plaques. They can occur  
anywhere on the surface of the skin. There is a slight 
resemblance to lichen planus. The sclerodermatous 
variant is less common and manifests as thickened, firm 
skin with poikilodermatous changes. The surface of the 
skin is shiny, and the loss of adnexal structures is vari-
able. This variant of chronic GVHD can be localized 
to a small area, or it can be generalized and may include 
the entire surface area of the skin. The amount of 
surface area involved is directly related to the morbidity 
the patient experiences.

Histology: Histological evaluation of skin biopsy 
specimens cannot differentiate acute GVHD from drug 
exanthems. Acute GVHD has been graded on a histo-
logical scale of 1 to 4. Grade 1 shows basal layer 

Corticosteroids are commonly used in cases of GVHD, 
both acute and chronic. The acute form has also been 
treated with FK506 and cyclosporine. Many other 
immunosuppressants have been used.

Chronic GVHD is difficult to manage. There is  
no cure for GVHD, and treatment is directed at sta-
bilizing and improving skin function and increasing 
the patient’s functional capabilities. Phototherapy  
has been used successfully, as has extracorporeal 
photopheresis.

Acute GVHD. Mild-
moderate petechial
rash that becomes
confluent

Severe acute GVHD.
The skin peels off in large
sheets due to necrosis of
the skin and subsequent blistering.

Sclerodermatous GVHD. Unlike acute
GVHD, the chronic sclerodermatous form
shows thickening of the collagen within
the dermis. A thinned atrophic epidermis
and a decrease in the number of adnexal
structures are also noted.
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oriented across the entire biopsy specimen in a layered 
fashion. Histological variants of granuloma annulare 
exist, including interstitial granuloma annulare.

Treatment: Localized forms of granuloma annulare 
that are asymptomatic and not causing any distress to 
the patient can be left alone. Most cases resolve spon-
taneously over time with no residual scarring and no 
clinically noticeable abnormality. Topical corticoste-
roids may be used to try to decrease the inflammatory 

GRANULOMA ANNULARE

Granuloma annulare is a commonly encountered rash. 
The etiology of this rash is unknown. There are various 
clinical presentations, including localized, generalized, 
subcutaneous, actinic, and perforating forms. The gen-
eralized version has been seen in association with dia-
betes. Most cases spontaneously resolve. Multiple 
treatment strategies exist.

Clinical Findings: Granuloma annulare is a rash that 
occurs commonly in children but can be seen in any  
age group. There is no race predilection, but it is twice 
as common in females as in males. The localized form 
of granuloma annulare typically starts insidiously as a 
small, flesh-colored to slightly yellow papule that 
expands centrifugally. Once the lesion gets to a certain 
size, its characteristic appearance becomes evident. 
Fully formed, the area appears as an annular plaque 
with minimal to no surface change. The plaque appears 
to have a raised rim around the edge, and the central 
portion of the lesion is almost normal in appearance. 
The peripheral rim is slightly yellow in color. The 
lesions can be entirely flesh colored. Patients experi-
ence minimal symptoms. Slight itching may be present. 
It is not uncommon to have multiple areas of involve-
ment. The dorsal aspects of the feet and hands are 
common locations for this rash. Some patients relate 
that their rash is improved during the summer months. 
The lesions can range from small papules a few milli-
meters in diameter to larger plaques a few centimeters 
in diameter. If only small papules exist, a biopsy is 
required for diagnosis. The clinical appearance of the 
larger plaques is so characteristic that the diagnosis can 
be made clinically.

The generalized version of granuloma annulare con-
sists of numerous widespread papules and small plaques. 
In most cases, there are no annulare-appearing plaques; 
the diagnosis is considered clinically, but a biopsy is 
required to confirm the diagnosis. This form occurs 
almost exclusively in adults and may be seen in associa-
tion with diabetes. Patients with a diagnosis of generÂ�
alized granuloma annulare should be screened for 
diabetes. The other variants of granuloma annulare are 
uncommonly encountered. They include the subcuta-
neous form, the perforating variant, and the actinic 
variant. The actinic variant may be considered a unique 
entity, termed annular elastolytic giant cell granuloma. 
Subcutaneous granuloma annulare manifests as deep-
seated nodules within the dermis. A diagnosis is made 
via biopsy. This variant appears to be more common in 
children. The perforating variant is the rarest form and 
is the only variant to exhibit surface change. The areas 
of involvement develop small erosions. This is reported 
to occur most commonly on the dorsal surface of  
the hands.

Pathogenesis: The etiology is unknown. It has been 
theorized to represent an abnormal immune response 
to a foreign antigen such as a virus or bacteria. This has 
not been proven, and many other theories of pathogen-
esis exist. Ultimately, the collagen within the lesions is 
disrupted, and the resulting inflammatory response 
causes the clinical findings.

Histology: The histological findings in biopsy speci-
mens of granuloma annulare are very specific. There 
are areas of necrobiotic collagen with a surrounding 
granulomatous infiltrate. The collagen is being desÂ�
troyed centrally. A varying amount of mucin is present. 
The main histological differential diagnosis is between 
granuloma annulare and necrobiosis lipoidica. The 
inflammation in necrobiosis lipoidica is typically 

response. Intralesional corticosteroids can be used in 
some cases, but the risk of atrophy from the steroid 
injection must be considered. Generalized forms are 
not amenable to topical therapy. Phototherapy has been 
used successfully. Psoralen + ultraviolet A light (PUVA) 
therapy has had more success than ultraviolet B (UVB) 
light therapy, most likely because UVA light penetrates 
deeper into the dermis than UVB. Phototherapy with 
UVA1 appears promising.

Annulare dermal pink plaque.
Typically asymptomatic and
undergoes spontaneous resolution

Generalized
granuloma
annulare
in a child

Localized granuloma annulare

High power. Necrobiotic collagen within the gran-
ulomatous region

Low power. Granulomatous inflammation through-
out the specimen with necrobiotic collagen bundles
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hormones and their effects on target tissues lead to the 
clinical findings.

Histology: Biopsy specimens of the pretibial skin 
show large amounts of mucin deposits within the 
middle and lower dermis, between collagen bundles. 
The mucin is so thick that it causes the dermal collagen 
bundles to be splayed apart. Overlying hyperkeratosis 
can be appreciated. Biopsy specimens from clinically 
nonaffected skin may show some of the same histologi-
cal findings but on a lesser scale.

GRAVES’ DISEASE AND 
PRETIBIAL MYXEDEMA

Graves’ disease is the form of hyperthyroidism that is 
most often seen in the young adult population. It is an 
autoimmune disease that causes the thyroid gland to 
produce thyroid hormones. This results in the clinical 
manifestations.

Clinical Findings: Graves’ disease is seen in females 
more frequently than males, in a ratio of approximately 
7â•›:â•›1. Most patients have an insidious onset of symp-
toms. Heat intolerance and nervousness are two of  
the early and more common findings. Anxiety and  
emotional difficulties can be life altering. Patients  
often complain of difficulty sleeping. Constitutional 
symptoms can manifest as weight loss, increased appe-
tite, increased sweating, and profound nervousness. 
Women may suffer from menstrual irregularities. 
Cardiac arrhythmias are common as the disease pro-
gresses. Hypertension and tachycardia can be two of  
the earliest cardiovascular signs of the disease. As the 
disease progresses, exophthalmos becomes prominent, 
a goiter can be seen or felt, and patients develop pre-
tibial myxedema.

The exophthalmos may lead to intermittent double 
vision and a feeling of posterior ocular pressure. Pho-
tophobia can be a part of the disease, as can frequent 
tearing and a feeling of “sand” in the eyes that causes 
frequent tearing and pain. Goiter may be noticeable to 
the patient, and it may be appreciated initially because 
of difficulty buttoning one’s collar. The goiter is diffuse 
in nature. The thyroid is easily palpable and is firm to 
the touch. On occasion, the astute clinician can auscul-
tate a bruit over the thyroid gland; this represents the 
increased blood flow to the growing gland.

Pretibial myxedema is the most widely recognized 
skin finding in Graves’ disease. It begins as small, indu-
rated papules that coalesce into plaques on the anterior 
shin. The plaques indent easily when palpated and clini-
cally act like lymphedema, causing a nonpitting edema. 
Pretibial myxedema can occur in other areas of the 
body, but this is a rare finding. The skin is typically 
warm to the touch and can have a velvety feel. Increased 
sweating is noticeable most often as warm, moist palms 
and soles, similar to what is observed in patients with 
hyperhidrosis. Clubbing of the fingers is seen in a small 
proportion of affected individuals. Facial flushing with 
an increase in sweating is also seen. Females may 
develop breast enlargement, and males may develop 
gynecomastia.

Laboratory testing is needed to help define the con-
dition. Radioactive iodine uptake imaging shows a 
diffuse, symmetric uptake of iodine in the patient  
with Graves’ disease. The pattern of uptake is very dif-
ferent from that seen in patients with a “hot” thyroid 
nodule, in which the radioactive signal is dramatically 
increased in the nodule. Thyroid antibody testing is 
very helpful in differentiating Graves’ disease from 
other forms of thyrotoxicosis. Antithyroglobulin, anti-
microsomal, and anti–thyroid-stimulating hormone 
(TSH) receptor antibodies can be evaluated.

Pathogenesis: Graves’ disease is an idiopathic auto-
immune disease that causes autoantibodies against the 
TSH receptor. The antibodies act as agonists to the 
receptor and cause non-stop activation of the TSH 
receptor on the thyroid. This leads to increased produc-
tion of thyroid hormones, both triiodothyronine (T3) 
and (T4), by the thyroid. The increase in metabolic 
functioning of the thyroid leads to diffuse enlargement 
and goiter. The increased production of thyroid 

Treatment: Treatment of Graves’ disease is preÂ�
dicated on stopping the excessive thyroid hormone 
production. Ablation of the thyroid can be achieved 
with radiation therapy or surgical removal. Medications 
such as β-blockers are used to lessen the symptoms of 
the disease until it is rendered under control. Medical 
management of Graves’ disease can be achieved with 
propylthiouracil or methimazole, both of which act to 
decrease thyroid hormone production.

Perspiration Nervousness
Excitability
Restlessness
Emotional instability
Insomnia

Palpitation, tachycardia,
poor response to digitalis

Exophthalmos

Goiter
(may have thrill and bruit)

Facial flushing

Loss of weight

Palpable lymph nodes

Shortness of breath

Warm, velvety skin

Breast enlargement
(gynecomastia
in male)

Muscle wasting

Rapid pulse

Warm and
moist palms

Oligomenorrhea
or amenorrhea

Pretibial myxedema

Diarrhea (occasional)

Tremor

Clubbing of fingers
(in some patients with
severe exophthalmos)

Muscular weakness, 
fatigability

Increased appetite
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anecdotal reports of success. Topical clindamycin and 
other antibacterial products such as benzyl peroxide are 
often the first-line agents employed for mild disease. 
Oral antibiotics, typically in the tetracycline class, are 
often used because they have both antiinflammatory 
and antibacterial properties. Weight loss must be advo-
cated. Other agents that have had limited success 
include isotretinoin, etanercept, and infliximab. Surgi-
cal options include wide local excisions to remove the 

HIDRADENITIS SUPPURATIVA 
(ACNE INVERSA)

Hidradenitis suppurativa (acne inversa) is a rare chronic, 
life-altering disease. It can be an isolated clinical 
finding, or it can be associated with cystic acne, dissect-
ing cellulitis of the scalp, and pilonidal cysts.

Clinical Findings: Hidradenitis suppurativa is most 
commonly encountered in postpubertal women. The 
ratio of female-to-male involvement is approximately 
4â•›:â•›1. This condition preferentially affects areas that are 
rich in apocrine glands and terminal hairs. The areas 
most commonly involved are the axillae, groin, and 
inframammary folds. It is rare in other areas. Hidrad-
enitis suppurativa starts as tiny red papules or nodules 
that tend to be folliculocentric. The papules are tender 
and firm to palpation. At this point, the differential 
diagnosis includes an early folliculitis or furunculosis. 
As the disease progresses, the hard nodules become 
fluctuant and spontaneously drain to the surface of the 
skin. The nodules may coalesce into plaques with 
varying amounts of scarring. The longer the process has 
been going on, the more scarring is prevalent. Eventu-
ally, sinus tracts develop that interconnect multiple 
subcutaneous nodules with multiple cutaneous open-
ings. Clinically, pressing on one of the nodules may 
produce drainage from a distant sinus tract. The disease 
is relentless, and new crops of lesions repeatedly 
develop. Pain is significant and is a main cause of mor-
bidity. Obesity tends to be seen in association with 
hidradenitis suppurativa. Hidradenitis has been seen in 
association with Crohn’s disease, and some believe that 
hidradenitis suppurativa is a cutaneous form of Crohn’s 
disease. Long-standing disease has been associated with 
the development of squamous cell carcinoma. The 
tumors tend to be large at diagnosis

The drainage from the cutaneous nodules often 
requires extensive bandaging to keep clothing from 
getting soiled. The drainage has a malodorous, foul 
smell. The draining sinus tracts and nodules are often 
colonized with various bacteria, and cultures of the puru-
lent drainage show growth of a number of different 
organisms, including Staphylococcus aureus and strepto-
coccal species. However, this is not primarily an infec-
tious disease. The bacteria in these cases are present 
secondary to the underlying inflammatory condition  
and the lack of normal cutaneous skin barrier function.

Pathogenesis: Hidradenitis suppurativa is an inflam-
matory disease with secondary bacterial superinfection 
and colonization. Routine culturing of the nodules and 
the drainage is often sterile. Hidradenitis is theorized 
to be caused by rupture of the mature follicular epithe-
lium along areas of apocrine glands; hence, its propen-
sity to occur in areas with high densities of apocrine 
glands. A hormonal control over the process has been 
theorized, given that it is more common in postpubertal 
women and in obese individuals. Once the hair follicle 
ruptures, an inflammatory cascade is set off and causes 
the resulting nodules, cysts, fistulas, and scarring. It 
appears to be a self-perpetuating process. The exact 
mechanism by which this occurs is unknown.

Histology: Chronic lesions show a dense, mixed 
inflammatory infiltrate with abscess and sinus tract for-
mation. Varying amounts of fibrosis and scar tissue are 
present. Apocrine gland inflammation can be appreci-
ated in a fair number of cases. The inflammation 
extends into the subcutaneous tissue.

Treatment: Therapy is often aimed at reducing 
inflammation and bacterial superinfection. There is no 
curative therapy, and most treatments have only 

Severe inflammatory hidradenitis suppurativa of the buttocks

Hidradenitis suppurativa (acne inversa)
on the groin

Severe
involvement 
of the axilla

Hidradenitis suppurativa. Abscess, sinus tract
formation, and significant scarring lead to
exquisitely tender areas of involvement. The
axilla, groin, and buttocks are frequently affected.

affected tissue and repair with complex flap closure. 
Liposuction has also been tried in an attempt to remove 
the affected apocrine gland hair follicle unit. The only 
potential for cure is with a surgical approach. This 
approach seems to work best for axillary disease; groin 
and inframammary disease almost always recurs after 
surgery. It is also of the utmost importance to address 
patients’ psychosocial needs, because this disease has a 
devastating toll on the patients it afflicts.
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soap and water leads to a similar inflammatory  
cascade. The damaged keratinocytes release myriad  
inflammatory cytokines. The intensity of the reaction 
is based on the concentration of the irritant and the 
exposure time. The recruitment of T cells occurs later 
in the time course of irritant contact dermatitis, when 
compared with allergic contact dermatitus.

Treatment: The goal of treatment is to remove the 
skin from exposure to the irritant. Barrier creams and 

IRRITANT CONTACT DERMATITIS

Irritant contact dermatitis is one of the most commonly 
encountered dermatoses in the dermatology clinic. Its 
true incidence is unknown. Irritant contact dermatitis 
can be caused by a multitude of factors, and the mor-
phology of its appearance can be varied. One of the 
most common forms of irritant contact dermatitis is 
seen on the hands and is caused by occupational expo-
sures to irritant chemicals or excessive hand washing.

Clinical Findings: Irritant contact dermatitis can 
occur at any age. Some studies show that women are 
more commonly affected. There is no racial predilec-
tion. There are many exposures that can eventually lead 
to the development of irritant contact dermatitis. The 
final clinical manifestations are similar despite the dif-
ferent instigating chemicals. Variations exist in the loca-
tion of the dermatitis. The hallmark of irritant contact 
dermatitis is xerosis. Once the skin dries out to a certain 
point, it becomes inflamed. This leads to the clinical 
picture of dry pink or red patches. On the hands, 
painful fissures or splits may occur within the skin lines.

Diaper dermatitis in infants is one specific form of 
irritant contact dermatitis. The wet diaper rubbing 
against the child’s buttocks and legs can cause skin irri-
tation, red patches, and occasionally erosions. The child 
can become irritable with pruritus and is at higher risk 
for secondary bacterial infections.

Many chemicals are direct irritants to the skin, and 
injuries from these agents are occasionally seen in a 
dermatologist’s office. Exposure of the skin to hydro-
chloric acid results in skin cell death, necrosis, and 
inflammation. This, in turn, leads to the development 
of red patches or plaques with varying amounts of 
erosion and ulceration. These patients often receive 
care in an occupational work setting or in the emer-
gency room. The same can be said for exposure of the 
skin to strong basic chemicals such as sodium hydrox-
ide. Basic chemicals can cause an irritant contact der-
matitis that is directly related to the necrotic effect of 
the chemical on the skin surface.

One of the most common causes of irritant contact 
dermatitis is frequent hand washing. The use of soaps 
removes the natural oils and waxes that the skin pro-
duces as a way of physiologically keeping the skin from 
drying out. Once the removal of these oils outweighs 
their production, dryness begins to set in. If the skin is 
not given enough time to repair itself, the epidermis 
continues to dry out and becomes inflamed. Pink to red 
patches are evident, and, as the irritation continues, the 
dryness worsens until fissuring and cracking occur.

Ring dermatitis is another common form of irritant 
contact dermatitis. It is believed that soap residue builds 
up between the surface of the ring and the skin. This 
prolonged contact causes an irritant contact dermatitis 
underlying the ring. It can be misdiagnosed as an aller-
gic contact dermatitis, and on initial presentation, these 
two forms of dermatitis cannot be differentiated. The 
main differential diagnosis is between an irritant and an 
allergic contact dermatitis. The two have similar clini-
cal appearances and can be almost impossible to dif-
ferentiate. Irritant contact dermatitis typically has an 
acute onset and a decrescendo resolution, unless there 
is repeated exposure to the irritant. Allergic contact 
dermatitis usually has a crescendo-decrescendo clinical 
course. These patterns can be helpful in differentiating 
the two conditions.

Pathogenesis: Exposure to an irritant chemical, 
whether an acid or a base, or repeated exposure to  

frequent diaper changes may be all that is needed to 
resolve irritant contact diaper dermatitis. Hand derma-
titis can be treated with a combination of moisturizers, 
topical corticosteroids, and avoidance of frequent hand 
washing. If these changes can be accomplished, the 
prognosis is excellent. Workers with potential occupa-
tional exposures to irritant chemicals must be properly 
trained in handling them and given the correct protec-
tive gear to prevent exposure.

Most babies will have diaper rash at
least once. Synthetic absorbent materials
in disposable diapers or germ-killing
rinses can also cause irritation. The
rash can be uncomfortable or painful.

Hand dermatitis

Irritant hand dermatitis due to purposeful
exposure to sodium hydroxide. Note the
macerated skin with small erosions and
a clear demarcation at the wrist where
the individual was dipping his hands
into sodium hydroxide.
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along with areas of scarring alopecia. This condition 
may also affect the eyelashes. Corneal dystrophy and 
blepharitis can be seen.

Pathogenesis: The exact etiology of keratosis pilaris 
is unknown. It is believed to be caused by an abnormal-
ity in follicular keratinization of the infundibulum.

Histology: Keratosis pilaris is rarely biopsied. A 
keratin plug is the most prominent feature. The plug is 
typically 1 to 2â•¯mm in diameter and may lie on top of 
a meager lymphocytic infiltrate.

KERATOSIS PILARIS

Keratosis pilaris is an extremely common dermatosis 
that in mild states can be considered a variant of normal 
skin. It is usually brought to the clinician’s attention as 
an afterthought, or the clinician observes the condition 
and tells the patient about it for educational purposes. 
There are more severe forms of keratosis pilaris in 
which patients present to the dermatologist for therapy. 
Many distinct variants of keratosis pilaris exist, and they 
are named based on area of involvement.

Clinical Findings: Keratosis pilaris is one of the most 
common dermatoses and is thought by some to be a 
variant of normal. It is found in more than 40% of the 
adult population and in as many as 80% of children. 
There is no sex or race predilection. It typically begins 
soon after a child reaches 5 years of age. Most cases are 
asymptomatic and are of no concern to the patient or of 
only cosmetic concern. The upper lateral arms are the 
most common site of involvement. Small (1-2â•¯mm), 
pink-to-red follicular hyperkeratotic papules are present 
to a varying extent. Some are so fine that they are notice-
able only on palpation. Other cases are more widespread 
and can include the upper thighs, shoulders, and cheeks. 
Widespread cases tend to be more noticeable, and the 
small papules tend to be more inflammatory in nature.

This inflammatory form of keratosis pilaris is also 
called keratosis pilaris rubra. It is typically manifested 
by bright red, small, hyperkeratotic papules that may 
resemble pustules. They can be mistaken for acneiform 
lesions. A small scraping of the inflammatory lesion 
results in removal of a small keratin plug rather than 
the contents of an acneiform pustule. The location on 
the outer arms and upper thighs also helps to differenti-
ate this condition from acne. Both keratosis pilaris and 
acne are extremely common, and they are frequently 
seen together in the same patient.

Ulerythema ophryogenes is a keratosis pilaris variant 
that manifests in early childhood. The lateral one third 
of the eyebrow is affected with minute, red keratotic 
papules. Hair loss of the lateral eyebrows is common. 
The rash may affect other parts of the face and may heal 
with tiny pitted scars. It is almost always seen along with 
keratosis pilaris. Over time, alopecia may develop in the 
affected regions, especially the lateral eyebrows.

Atrophoderma vermiculata is one of the rarest of the 
keratosis pilaris variants. It manifests as small, hyper-
keratotic plugs on the cheeks that resolve and leave 
behind small, atrophic scars in a fine mesh-like pattern.

Erythromelanosis follicularis faciei et colli is similar 
in nature to atrophoderma vermiculata, but it lacks any 
evidence of scarring. This condition has been reported 
to occur most commonly in young men during the 
second and third decades of life. Postinflammatory 
hyperpigmentation is another unusual feature not seen 
with the other variants.

Keratosis follicularis spinulosa decalvans is probably 
the least common keratosis pilaris variant. It is inherited 
in a X-linked fashion and thus affects males. It is mani-
fested by areas of skin thickening and follicular plugging 

Keratosis pilaris atrophicans faciei.
Perifollicular erythema is prominent,
as are small regions of atrophic scarring.

Ulerythema ophryogenes showing
loss of the lateral eyebrows

Keratosis Pilaris Variants

Keratosis pilaris rubra
Ulerythema ophryogenes (keratosis pilaris
atrophicans faciei)
Atrophoderma vermiculata (folliculitis
ulerythematosa reticulata)
Erythromelanosis follicularis faciei et colli
Keratosis follicularis spinulosa decalvans

Keratosis pilaris of upper thighs. The upper arms
and thighs are two commonly affected areas.
Small 1- to 2-mm hyperkeratotic red papules

Treatment: No therapy is required for most cases. A 
keratolytic moisturizer or humectant moisturizer works 
well. These include lactic acid– and salicylic acid–based 
moisturizers. After discontinuation, however, the rash 
of keratosis pilaris returns over a period of a few weeks 
to months. Many other therapies have been used. 
Vitamin A derivatives (e.g., tretinoin) are among the 
more commonly used prescription medications. The 
cream is applied daily and has been successful in remov-
ing the redness and hyperkeratosis.
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systemic complaints. The most common extracutane-
ous form of LCH, formerly designated eosinophilic 
granuloma, is now called single-system unifocal bone 
disease. Children present with a painless to slightly 
tender soft tissue swelling overlying the bony area of 
involvement, most commonly the calvarium. Palpation 
of the swelling reveals the fluctuant nature of the soft 
tissue distention, and in some cases the defect in the 
underlying bone can be felt. Plain radiographs can help 

LANGERHANS CELL 
HISTIOCYTOSIS

Langerhans cell histiocytosis (LCH) is a rare disorder 
caused by the proliferation of Langerhans cells in 
various tissues. Historically, the disease was categorized 
based on the grouping of symptoms and organs affected, 
with names such as Letterer-Siwe disease and Hand-
Schüller-Christian disease. Over the last decade, the 
classification of LCH has been standardized. The new 
classification does not remove the eponyms that have 
been used for years but rather categorizes the LCH into 
subgroups based on prognosis and amount of involve-
ment. These histiocytoses are a heterogeneous group 
of diseases that may affect both the skin and various 
internal organs. The main pathological finding is the 
accumulation of pathological Langerhans cells within 
the affected tissue. The diagnosis is made on clinical, 
histological, laboratory, and radiographic findings. The 
newer classification of LCH is based on the number of 
organ systems involved. It includes the subtypes of 
restricted single-system LCH, extensive multisystem 
LCH, and single-system pulmonary LCH. The exten-
sive multisystem form of LCH can be further divided 
into those cases with and without organ dysfunction. 
Prognosis and therapy depend on the organ systems 
involved and the number of systems implicated. Optimal 
therapy has yet to be determined.

Clinical Findings: LCH is a very rare condition that 
affects approximately 8 of every 1,000,000 people. 
There is a 2â•›:â•›1 male-to-female predilection, and all 
races are affected equally. Usually, the condition is first 
noticed in childhood, but adult-onset disease does 
occur. LCH isolated to the skin has one of the best 
prognoses of all of the forms of LCH. Most cases of 
LCH manifest first in the skin, even before the develop-
ment of systemic findings; therefore, all patients with 
cutaneous LCH should be routinely screened for sys-
temic diseases.

In infants, the typical presenting skin findings are 
those of a persistent papulosquamous eruption on the 
scalp that resembles cradle cap. On closer inspection, 
small petechiae are observed. These petechiae are very 
characteristic for LCH and can be easily overlooked. 
The scalp form is often misdiagnosed as seborrheic 
dermatitis early in infancy, and frequently it is not until 
the child is 3 to 6 months old and the rash has persisted 
that the diagnosis of LCH is entertained. The other 
common presentation in children is that of persistent 
diaper dermatitis. The rash has a unique predisposition 
to affect the groin folds and can be quite inflammatory 
and resistant to typical therapy for irritant contact der-
matitis or diaper rash. The groin rash appears as red to 
yellowish-orange papules that coalesce into plaques. 
Ulcerations and erosions are common. Superinfection 
with bacteria often leads to an odor. Both of these forms 
are almost always considered to be another diagnosis 
before LCH is considered and a skin biopsy is done to 
prove the diagnosis. Other skin findings that can be 
observed by the astute clinician are adenopathy, ear 
inflammation and drainage from the external ear, and 
soft tissue swelling. The soft tissue swelling is seen only 
in those patients with underlying bony disorders. Gin-
gival hypertrophy may also be seen, but it is often 
subtle. Infants may also have premature eruption of 
their teeth, which is most commonly noticed by the still 
breast-feeding mother.

Twenty percent of patients do not exhibit any cutane-
ous signs of disease and present solely with varying 

delineate the extent of disease. If one area of bony 
involvement is found, a skeletal survey should be per-
formed to evaluate for other silent bony lesions, which 
can occur in up to 15% of cases. The involved bone has 
a radiolucent appearance that is sharply demarcated 
from the surrounding bone. Bony involvement has been 
described to occur in almost every bone in the body. 
Most cases are inconsequential, but if the involvement 
affects a critical portion of the spine, the possibility of 

The diaper area is one of the more common areas 
of involvement with Langerhans cell histiocytosis. 
This disease should be in the differential diagnosis 
of diaper rash that does not respond to therapy for 
dermatitis, especially if petechiae are present. 

Papules and macules
studded with multiple
petechiae are char-
acteristic for Langerhans
cell histiocytosis.

PRESENTATION OF LANGERHANS CELL HISTIOCYTOSIS IN CHILDHOOD

Disseminated Langerhans cell histiocytosis lesions in axilla and on neck and trunk

Sheets of Langerhans cell
histiocytes with abundant pink
cytoplasm and folded nuclei
with prominent nuclear
grooves
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agents and antiinfectives to help treat and prevent pos-
sible infections, especially infections of the groin region 
in infants. A small percentage of patients experience 
spontaneous remission. Single bony lesions may also 
remit spontaneously.

Bony lesions have been treated with resection of the 
involved tissue, with curettage of the region, and with 
systemic steroid therapy. The use of steroids has been 
associated with recurrences after the drug is stopped.

weakening of the joint and potential fracture could have 
life-threatening implications. The term “floating teeth” 
has been used to describe the finding of radiolucent 
aspects of the mandible that give the appearance that 
the teeth are floating without the support of the under-
lying bone.

LCH can be a life-threatening, progressive disease. 
The lymphatic system, lungs, hypothalamus, and pitu-
itary are commonly involved. Lymphadenopathy in the 
region of skin or bony involvement is usually seen. 
Biopsies of lymph nodes can show involvement with 
Langerhans cells or dermatopathic changes.

Lung involvement is almost always a component of 
multisystem disease. Radiographs may be normal or 
may show cystic spaces or a nonspecific interstitial infil-
trate. Pulmonary function testing may reveal a decrease 
in diffusion capacity and a decrease in forced expiratory 
volume. Lung abnormalities are very frequently seen in 
adults with LCH.

The pituitary stalk can also be affected in this disease. 
The eponym Hans-Schüller-Christian disease describes 
those patients with LCH who have the constellation of 
diabetes insipidus, lytic bony lesions, and exophthal-
mos. The involvement of the pituitary stalk leads to the 
diabetes insipidus. The lack of antidiuretic hormone 
causes the excretion of large amounts of dilute urine 
and increased thirst. The skull is the bony region most 
commonly involved.

Letterer-Siwe disease is the name given to the constel-
lation of symptoms that include severe skin involve-
ment, hepatosplenomegaly, anemia, and leukopenia. 
These patients have early onset of disease in infancy and 
have a poor prognosis because of the aggressiveness and 
extent of the disease load.

The diagnosis and prognosis of LCH depend on the 
number of organ systems involved and the extent of 
disease. Treatment likewise depends on these factors, 
and a multidisciplinary approach should be taken.

Pathogenesis: The exact etiology is unknown, and 
there is considerable ongoing research to determine 
whether this is a clonal malignant process or a reactive 
process. The Langerhans cells that are present within 
the areas of involvement have a different morphology 
from their normal counterparts. The affected Langer-
hans cells are round, without dendritic processes, and 
have been found to express different cell surface 
markers. The initiating factor or factors for these find-
ings are as yet only theoretical. No gene defect has been 
described.

Histology: Histological findings from the skin and 
other involved tissues are only slightly different. The 
main pathology is found within the sheets of abnormal-
appearing Langerhans cells. On microscopic evalua-
tion, the cells have kidney bean–shaped nucleus and 
show varying amounts of epidermotropism. Immuno-
histochemical staining shows CD1a, S100 and CD207 
positivity. On electron microscopy, the characteristic 
tennis racket–shaped Birbeck granules are seen.

Treatment: Therapy is determined by the extent and 
location of disease state. Mild, localized cutaneous 
single-system disease may be observed and watched 
carefully for the development of systemic involvement. 
Supportive care is given with topical antiinflammatory 

EOSINOPHILIC GRANULOMA

Surgical exploration
reveals granuloma 
eroding through
cortex of ilium.

Radiograph shows loculated,
bubble-like, radiolucent lesion in
supraacetabular region of right ilium.

Variegated defects in flat bones
of skull

Anteroposterior and lateral views 
show typical marginated, radio-
lucent lesions in femoral shaft.

Marked narrowing of first
thoracic vertebra that led
to spinal cord injury in
13-year-old boy. Vertebra
plana in young patients
strongly suggests
eosinophilic granuloma.

Section reveals
pale-staining,
foamy histio-
cytes inter-
spersed
with bilobed
eosinophilis
(H&E stain).

C6

C7

T1

T2

Multisystem disease is treated in myriad manners, 
depending on the burden of disease, the systemic 
involvement, and the patient’s symptoms. The disease 
can be difficult to treat, and systemic chemotherapies 
are the mainstay of treatment. Vinblastine- or 
etoposide-based regimens are most commonly used as 
first-line therapy. Some refractory disease has been 
treated with ablative chemotherapy and subsequent 
bone marrow transplantation.

LANGERHANS CELL 
HISTIOCYTOSIS (Continued)



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 113

Plate 4-42� Rashes

Treatment: Therapy is based on the cause of the 
leukocytoclastic vasculitis. New offending medications 
should be withdrawn and replaced with substitutes of a 
different class. Infections need to be thoroughly treated. 
The use of topical high-potency corticosteroids is 
helpful in some cases, and oral steroids may be used in 
medication-induced leukocytoclastic vasculitis. In cases 
of infection-induced vasculitis, prednisone should be 
reserved until after the infection has been properly 

LEUKOCYTOCLASTIC VASCULITIS

Many forms of vasculitis can affect the skin, the most 
common one being leukocytoclastic vasculitis. Other 
forms of vasculitis known to affect the skin as well as 
other organ systems include Churg-Strauss vasculitis, 
Henoch-Schönlein purpura, Wegener’s granulomato-
sis, polyarteritis nodosa, and urticarial vasculitis. Leu-
kocytoclastic vasculitis is by far the most commonly 
encountered of the cutaneous vasculitides. The causes 
and pathomechanisms vary, and diagnosis and treat-
ment depend on the results of the clinical and histologi-
cal evaluations.

Clinical Findings: Leukocytoclastic vasculitis most 
commonly affects the lower extremity or dependent 
areas of the body. For example, this form of vasculitis 
is most commonly seen on the legs of ambulatory 
patients but on the back and buttocks of bedridden 
patients. The clinical hallmark of vasculitis is the pres-
ence of palpable purpura. The rash may start as small, 
pink, violaceous macules that rapidly develop into red 
or purple palpable papules; hence the term palpable 
purpura. Most of the lesions of palpable purpura are 
uniform in size, but they can range from minute to 1â•¯cm 
or more in diameter. Patients are most likely to com-
plain of mild itching or no symptoms at all, and the 
appearance of the rash is what brings them to see  
the clinician. Mild constitutional symptoms are often 
present, with mild fever, fatigue, and malaise most  
commonly reported. Skin-specific symptoms can  
range from mild pruritus to pain and tenderness to 
palpation.

The etiology of cutaneous leukocytoclastic vasculitis 
is heterogeneous. The three most common causes  
are infections, medications, and idiopathic causes. 
Almost every possible infection (bacterial, viral, para-
sitic, and fungal) has been reported to be an initiating 
factor for leukocytoclastic vasculitis. Medications are  
a common culprit and can easily be overlooked if  
a thorough history is not obtained. If the offending 
infection is treated properly or the offending medica-
tion is removed, the vasculitis resolves in approximately 
1 month. The symptoms also cease, often faster than 
the rash resolves. Postinflammatory hyperpigmentation 
with some hemosiderin deposition often is a residual 
finding after the lesions have cleared. This resolves 
slowly over 6 to 12 months.

Pathogenesis: Leukocytoclastic vasculitis is a type III 
hypersensitivity reaction. Soluble antigens are believed 
to become complexed with antibodies. As these antigen-
antibody complexes enlarge, they get trapped in the 
tiny vasculature of the dependent regions of the body. 
There, they can initiate the complement cascade and 
cause endothelial cell wall death, recruitment of neu-
trophils, and continued blood vessel destruction, 
leading to the typical cutaneous findings.

Histology: The pathology is centered on the blood 
venules in the dermis. A prominent neutrophilic infil-
trate is present. Degeneration of the neutrophils is 
always seen, with nuclear dust; this is termed leukocy-
toclasis. Fibrinoid necrosis of the vessel walls is 
easily seen. Extravasated red blood cells are seen in the 
vicinity of the vasculitis. Thrombosis of affected vessel 
walls is a secondary finding and is not the primary 
pathology.

treated. Idiopathic vasculitis is treated with oral ste-
roids, and often a search for an infection or other cause 
is undertaken. A thorough history and physical exami-
nation are needed, as well as some screening laboratory 
tests. Laboratory testing usually is not helpful unless 
the history or review of symptoms points in a particular 
direction. If patients are suffering from more than just 
very mild systemic symptoms, an evaluation should be 
done to rule out the more serious forms of vasculitis.

Circulating cytokines migrate to cytokine receptors
on neutrophil surface.

Cytokine primary results in expression of ANCA antigens on
neutrophil cell surface.

Neutrophils activated by direct ANCA-F(ab’)2 binding and by
binding of ANCA–ANCA antigen complexes to Fc receptors

Adhesion of neutrophils to vascular surface by interaction
of adhesion molecules with endothelial adhesion
molecule receptors

Apoptosis of endothelial cell

Subendothelial migration of neutrophils

Cytokine receptor
Circulating cytokine

Circulating ANCA

Adhesion molecule

Surface ANCA
antigen, F(ab’)2

ANCA–ANCA antigen complex
bound to Fc receptor

Circulating ANCA–ANCA antigen complex

Endothelial cell
Adhesion molecule–receptor complex

Process of neutrophil (or monocyte)
activation by ANCA ultimately results
in endothelial cell and neutrophil
apoptosis and necrosis with lytic
disruption of vessel wall matrix.

Vessel wall

Fc receptor
ANCA
antigen

Neutrophil
apoptosis and
necrosis

Distribution of specific vasculitis syndromes
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LICHEN PLANUS

Lichen planus is a common inflammatory skin disease. 
It is unique in that it can affect the skin, the mucous 
membranes, the nails, and the epithelium of the hair 
follicles. Lichen planus most commonly affects the skin, 
but the other areas can be involved either solely or in 
conjunction with one another. Lichen planus that 
involves the skin has a tendency to spontaneously remit 
within 1 to 2 years after onset, whereas the oral version 
is almost always chronic in nature.

Clinical Findings: Lichen planus can affect people at 
any age, but it is much more common in adulthood. It 
has no gender or racial predilection. The rash classically 
has been described as flat-topped, polygonal, pruritic, 
purple papules. Frequently, a whitish, lacy scale, 
referred to as Wickham’s striae, overlies the papules. 
Lichen planus is unusual in that the pruritus causes the 
patient to rub the area, rather than scratch. Lichen 
planus exhibits the Koebner phenomenon, and often 
areas of linear arrangement are seen secondary to 
trauma or rubbing. This is helpful when clinically 
examining a patient, because scratch marks and excoria-
tions are rarely seen, whereas lichenification from 
repeated rubbing of the lesions is frequently seen. The 
rash has a tendency to be more prominent on flexural 
surfaces, especially of the wrists. The glans penis is 
another distinctive location in which lichen planus 
commonly occurs.

Many clinical variations of lichen planus have been 
described. An afflicted individual may have more than 
one morphology. Hypertrophic lichen planus has the 
appearance of thickened, scaly plaques with a rough or 
verrucal surface. There may be areas on the periphery 
that appear more classic in nature. This variant can be 
difficult to diagnosis clinically, and often a biopsy is 
required. It also can be difficult to treat effectively, and 
it runs a chronic course. Rarely, hypertrophic lichen 
planus has been reported to transform into malignant 
squamous cell carcinoma. Bullous lichen planus is an 
extremely uncommon variant that usually occurs on the 
lower extremities. The vesicle or bulla typically forms 
within the center of the lichen planus lesion.

Lichen planopilaris is the term given to describe lichen 
planus affecting the terminal hair follicles. This is most 
common on the scalp and leads to a scarring alopecia. 
The typical findings are small, erythematous patches 
surrounding each hair follicle. As the disease progresses, 
loss of hair follicles is observed, signifying that scarring 
is taking place. The central crown is the area most often 
affected. It is uncommon for the entire scalp to be 
affected. Once scarring has occurred, the hair loss is 
permanent. Lichen planopilaris runs a chronic waxing 
and waning clinical course.

Lichen planus may affect the mucous membranes of 
the oral cavity, the genital region, and the conjunctiva. 
These areas appear as glistening patches with lacy, 
white reticulations on the surface. Mucous membrane 
lichen planus has a higher tendency to ulcerate than the 
cutaneous form does. There have been reports of 
malignant transformation to squamous cell carcinoma. 
For this reason, long-term follow-up is required. 
Lichen planus may also affect the nail matrix and nail 
bed, leading to dystrophy and nail abnormalities. The 
most frequently seen nail abnormality is longitudinal 
ridging, but the most characteristic nail finding is pte-
rygium formation.

Pathogenesis: Lichen planus appears to be mediated 
by an abnormal T-cell immune response. The T cells 
act locally on the keratinocytes to induce the clinical 

Generalized lichen planus

Oral lichen planus Wickham’s striae. White
reticulated patches on the
buccal mucosa

Histology of lichen planus.
Lichenoid lymphocytic
infiltrate with “saw-toothing”
of the rete ridges, decreased
granular cell layer, and a
Max Joseph space at the
dermal-epidermal junction.

Classic lichen
planus. Purple,
polygonal, flat-
topped, pruritic
papules

findings. The exact pathomechanism has yet to be 
described.

Histology: The lesions show characteristic findings 
that include a dense lichenoid lymphocytic infiltrate 
along the dermal-epidermal border. Necrotic keratino-
cytes are frequently encountered within the hyperplas-
tic epidermis and have been named Civatte bodies. 
Hypergranulosis is a prominent feature as is the “saw-
tooth” pattern of epidermal hyperplasia. The presence 

of eosinophils should lead one to consider the diagnosis 
of a lichen planus–like drug eruption or lichenoid 
contact dermatitis.

Treatment: Isolated lesions can be treated with 
topical corticosteroids. Up to two thirds of skin lesions 
resolve spontaneously. Patients with widespread disease 
present a therapeutic challenge. Ultraviolet photother-
apy, oral corticosteroids, and oral retinoids such as 
acitretin and isotretinoin have been used.
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LICHEN SIMPLEX CHRONICUS

Lichen simplex chronicus is a commonly encountered 
chronic dermatosis that can be initiated by many events. 
Certain regions of the body are more prone to develop 
lichen simplex chronicus, such as the lower leg and 
ankle region and the posterior scalp, but it can occur 
anywhere. The initiating factor can be any skin insult 
that induces itching. The itch-scratch cycle is never 
broken, and the skin in the region being manipulated 
takes on a lichenified appearance. This is believed to be 
a localized skin condition that has no systemic associa-
tions or causes. Many therapies have been attempted 
with varying rates of success.

Clinical Findings: There is a slight female prepon-
derance and no racial predilection. Most patients who 
present with lichen simplex chronicus do not relate an 
underlying insult that initiated the chronic itching. 
Some report a previous bug bite, trauma, or initiating 
rash such as allergic contact dermatitis caused by poison 
ivy. Involvement is localized to one region of the body, 
most often the ankle. Other commonly involved areas 
are the occipital scalp and the anogenital region. 
Patients report that they have a constant itching or 
burning sensation, and they respond to it by chronically 
rubbing or itching the area. Initially, a fine red patch 
with some excoriations is present. As the condition 
becomes chronic, the rash takes on the clinical appear-
ance of lichen simplex chronicus. The skin becomes 
thickened and lichenified. There is an accentuation of 
the normal skin lines, and the region of involvement 
shows varying degrees of hyperpigmentation. Small 
excoriations and even small ulcerations may occur if  
the pruritus is severe and the patient cannot control  
the itching.

The cycle of pruritus and itching is perpetuated and 
can last for years to decades if untreated. Patients often 
relate that stressful events can initiate a flare of preÂ�
existing lichen simplex chronicus. They also commonly 
state that the itching is worse during the evening hours 
just before sleep. The main theory to explain this is that 
the cortex is not as busy processing information at that 
time, and other areas of the brain that are responsible 
for itching become activated or become disinhibited 
from cortical control. Even with treatment, some cases 
last for years. Patients typically become frustrated with 
therapy and are willing to pursue the help of other 
physicians or ancillary medical caregivers, such as acu-
puncturists. A fully developed area of lichen simplex 
chronicus is a well-defined lichenified plaque with exco-
riations and blood-tinged crust.

Pathogenesis: The exact pathomechanism of devel-
opment of lichen simplex chronicus is unknown. Initiat-
ing events have been investigated, including insect bite 
reactions, underlying atopic diathesis, anxiety, stressful 
events, and other psychiatric conditions. Many patients 
have none of these factors, yet the clinical and patho-
logical picture is identical.

Histology: The epidermis is acanthotic with elonga-
tion of the rete ridges. A varying amount of parakera-
tosis is present, with excoriations and superficial 
ulcerations observed in some cases. The collagen 
bundles within the papillary dermis show a vertical 
arrangement, parallel to the rete ridges. The rete ridges 
are irregular in elongation, unlike the regular pattern 
seen in psoriasis. A varying degree of epidermal spon-
giosis is seen, but no epidermotropism. The inflamma-
tory infiltrate is composed primarily of lymphocytes.

Lichenified plaques
on the ankles. Note
the accentuation
of the skin lines
with a significant
thickening
of the skin.

Acanthosis with elongation of the rete ridges. Patchy hyperkeratosis and
parakeratosis. Vertically arranged collagen is present within the dermal papilla.

Lichen simplex chronicus is common in the genital
region of both males and females. It manifests with
relentless pruritus and lichenification of the affected skin.

Treatment: Therapy is often directed at breaking the 
itch-scratch cycle. This is attempted with a combina-
tion of topical high-potency corticosteroids and oral 
antihistamines or gabapentin. The sedating antihista-
mines work better than the newer, nonsedating ones. 
Topical steroids may be used under occlusion for better 
penetration of the lichenified region. Intralesional 
injection with triamcinolone may be attempted. Capsa-
icin, which is derived from capsicum peppers, may be 

used. This agent works by depleting the superficial 
nerve endings of substance P, the neurotransmitter 
required for the itching sensation. Patients should be 
advised to trim their fingernails to help prevent trauma 
when they scratch. Behavioral modification may be 
attempted, but it is best accomplished by a professional 
psychiatrist or psychologist. Precipitating causes such 
as stress should be addressed. Patients often have remis-
sions with frequent relapses.
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hypertension occurs, the patient is at risk for develop-
ment of venous stasis and venous ulcerations.

Arterial insufficiency is caused by a slow narrowing 
of the arteries due to cholesterol plaque. This narrow-
ing restricts the amount of blood flow to the tissue. 
Once the flow is decreased to less than the requirement 
needed for muscle and normal physiological function-
ing, symptoms arise.

Histology: Biopsies should not be performed in cases 
of arterial insufficiency, because they lead to ulcer-
ations, infections, and, most likely, emergent surgery. 

LOWER EXTREMITY VASCULAR 
INSUFFICIENCY

Vascular insufficiency of the lower extremity is a 
common finding in the older population. Factors that 
increase the risk of vascular disease include diabetes, 
obesity, smoking, hypertension, and hypercholesterol-
emia. Both the venous and the arterial systems may be 
affected, and the signs and symptoms are unique to 
each. The combination of venous and arterial insuffi-
ciency is commonly seen in older diabetic patients, 
especially those who smoke. Abnormalities of the lym-
phatic system may cause findings similar to those of 
venous insufficiency. Risk factors for lymphatic disease 
include prior surgeries (e.g., inguinal lymph node dis-
section), radiotherapy, and idiopathic lymphedema.

Clinical Findings: Venous insufficiency is a common 
disease that has no racial or ethnic predilection. It has 
been reported to be slightly more common in women. 
Venous insufficiency eventually leads to venous stasis 
and ulcerations. It has been estimated to be the cause 
of more than 50% of lower extremity ulcerations, with 
arterial insufficiency being the next most common 
cause, and neuropathic causes and lymphedema 
accounting for the remainder.

The first signs of venous insufficiency may be the 
development of varicose veins or smaller dilated retic-
ular veins. As time progresses, venous stasis changes 
are seen, including dry, pink to red, eczematous patches 
with varying amounts of peripheral pitting edema. Red 
blood cells are extravasated into the dermis where, 
over time, they break down and form hemosiderin 
deposits, which appear as brown to reddish macules 
and patches. Continued venous hypertension, stasis, 
and swelling may eventually lead to a venous stasis 
ulcer. These ulcers are most commonly present on the 
medial malleolus region of the ankle but can occur 
almost anywhere on the lower extremity. They are 
usually nontender, but some can be exquisitely painful.

Arterial insufficiency is most often caused by athero-
sclerosis of the larger arteries of the lower extremity. 
Patients often have coexisting risk factors including 
older age, hypertension, smoking, diabetes, and hyper-
cholesterolemia. Arterial ulcers are slightly more 
common in men, and there is no racial predilection. 
The clinical presenting signs are often dependent 
rubor, claudication, and rest pain. Physical examination 
confirms the absence of peripheral pulses in the dorsal 
pedal and posterior tibial arteries. At this point, the 
patient is at high risk for arterial ulcerations and subse-
quent gangrene. Surgical intervention is the only viable 
means of treatment.

Pathogenesis: Venous drainage of the lower extrem-
ity is accomplished via the superficial and deep systems 
of veins that are connected through horizontally 
arranged communicating vessels. These veins contain 
one-way bicuspid valves that prevent backflow and 
work with the action of muscle contraction to force the 
venous flow in a superior direction, eventually to empty 
into the inferior vena cava. The flow of venous blood 
toward the vena cava is the primary responsibility of the 
leg muscles, especially the calf muscle. Patients with 
sedentary lifestyles are at higher risk for venous insuf-
ficiency. During ambulation, the venous pressure nor-
mally decreases as the blood flow is increased toward 
the vena cava. If an abnormality exists and this does not 
occur, venous hypertension ensues. Congenital absence 
of the venous valves, incompetent valves, and a history 
of deep venous thrombosis are just three of the poten-
tial reasons for venous insufficiency. Once venous 

Histological evaluation of venous ulcerations shows a 
nonspecific ulcer, edema, proliferation of superficial 
dermal vessels, and extravasated red blood cells with a 
varying amount of hemosiderin deposition.

Treatment: Venous insufficiency is treated with a 
combination of compression and leg elevation. Losing 
weight and increasing the activity level may also help. 
Arterial insufficiency is best treated surgically with stent 
placement or arterial bypass of the narrowed artery. 
Pentoxifylline has also been used, with variable success, 
in early disease.

Dependent rubor,
absence of dorsalis
pedis pulsation

Diabetic ulcer

Gangrene of toe

Valve

Healthy
vein

Extensive
gangrene

Ulcer with lymphedema
and stasis dermatitis 
skin changes

VASCULAR INSUFFICIENCY IN DIABETES
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or may not be present. The most common symptom is 
pruritus. The appearance can be bothersome for some. 
It is most often limited to the skin, but the clinician 
should evaluate for systemic involvement.

Measurement of the serum tryptase level is the most 
accurate means of screening for systemic involvement 
with mastocytosis. Levels in the normal range indicate 
cutaneous disease only; levels greater than 20â•¯ng/mL 

MAST CELL DISEASE

Mast cell disease is an uncommon condition that has 
many clinical variants and subtypes. It can be seen as a 
solitary finding, as in the solitary mastocytoma, or it can 
result in widespread cutaneous disease, as in urticaria 
pigmentosa. Most mast cell disease is caused by an 
abnormality in the c-kit gene (KIT) . There are many 
other forms of mast cell disease, most in the benign 
category; some affect the skin predominantly, and 
others are more systemic in nature. One systemic type 
is the rare mast cell leukemia. Other systemic forms 
have been reported, such as mast cell sarcoma, and carry 
a poor prognosis. It is important to recall that mast cells 
are derived from the bone marrow and share certain 
things in common with other hematopoietic cells. The 
World Health Organization (WHO) has developed a 
simplified classification system for mast cell disease (see 
box to right).

Clinical Findings: Solitary mastocytoma is one of the 
most common of all the mast cell disease types. It mani-
fests in early childhood, often in the first few years of 
life. It appears as a yellowish to brownish macule, 
papule, or plaque. On rare occasions, a lesion develops 
a vesicle or bulla. Most lesions are asymptomatic until 
rubbed or scratched. When this takes place, a localized 
urticarial reaction occurs above the mastocytoma and 
extends into the surrounding skin. This sign, called 
Darier’s sign, can be used in any of the cutaneous mast 
cell diseases to help make the diagnosis. These solitary 
mast cell collections almost always spontaneously 
resolve with no sequelae.

Urticaria pigmentosa is a more diffuse affliction of 
the skin with mast cells; it has been reported to be the 
most common variant of mast cell disease. From a few 
to hundreds of slightly hyperpigmented macules and 
plaques occur across the surface of the skin. Some 
develop into vesicles and bullae. This most commonly 
occurs in early childhood but has also been reported 
to occur in adulthood. Most children are diagnosed on 
the basis of the clinical presentation and demonstration 
of a positive Darier’s sign. The condition typically runs 
a benign course in children, and most cases spontane-
ously remit over a few years and then disappear at 
about the time of puberty. Adult-onset urticaria pig-
mentosa is a more chronic disease that rarely remits. 
Special care should be taken to continually screen adult 
patients for the development of systemic mast cell 
involvement.

Telangiectasia macularis eruptiva perstans is a less 
commonly seen variant of mast cell disease. It occurs 
almost exclusively in the adult population. Patients 
often present with widespread telangiectases in unusual 
locations such as the back, chest, and abdomen. There 
can be a background erythema, and Darier’s sign may 

are indicative of systemic involvement, and further sys-
temic workup is warranted. Urine histamine and hista-
mine metabolites can also be assessed but seem to be 
less sensitive and less specific than the serum tryptase 
level. If systemic involvement is considered, further 
testing with a bone marrow biopsy may be indicated. 
Molecular genetic testing can be performed on the bone 
marrow sample to assess for the KIT gene mutation.

Urticaria pigmentosa. This is the
most common form of cutaneous
mastocytosis. It can manifest with
reddish-brown macules and papules
and in severe cases with vesicles
and bullae.

Solitary mastocytoma with Darier’s sign. Solitary mastocytomas
almost always self-resolve. Darier’s sign is elicited by rubbing
the mastocytoma, causing urtication.

WHO Classification for Mast Cell Disease

Cutaneous disease only (includes cutaneous
mastocytoma, urticaria pigmentosa, and
telangiectasia macularis eruptiva perstans)
Indolent systemic disease
Systemic mastocytosis with associated clonal
non–mast cell hematological disease
Aggressive systemic disease
Mast cell leukemia
Mast cell sarcoma
Noncutaneous mastocytoma  

MAST CELL DISEASE
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and many other stimuli that differ from individual to 
individual.

Antihistamines are the mainstay of therapy. The leu-
kotriene inhibitors are also used as adjunctive therapy 
to the antihistamines. Cromolyn is a mast cell stabilizer 
that is not absorbed through the gastrointestinal tract. 
Its use is limited to treatment of coexisting diarrhea 
caused by mast cell disease of the gut. Telangiectasia 
macularis eruptiva perstans has been treated with the 

Histology: The histological features depend on the 
form of mast cell disease. Most biopsy specimens show 
an excessive number of mast cells, typically surrounding 
the cutaneous vasculature. These mast cells are best 
appreciated with special staining techniques. The Leder 
(chloracetate esterase) stain, the Giemsa stain, and the 
toluidine blue stain are the most commonly used special 
stains to help highlight the cutaneous mast cells. CD117 
immunostaining also stains mast cells.

Pathogenesis: Darier’s sign is caused by direct release 
of histamine and other inflammatory mediators from 
the excessive collection of mast cells within the affected 
skin. On direct stimulation such as scratching or 
rubbing, the mast cells automatically release the con-
tents of their granules. These granules contain hista-
mine and other vasoactive substances that cause edema, 
redness, and pruritus.

Mast cell disease is caused by a mutation in the KIT 
gene. KIT is a protooncogene that encodes a protein 
called stem cell factor receptor (SCFR). SCFR is a 
transmembrane protein tyrosine kinase protein. This 
receptor is prominent in two skin cell types, mast cells 
and melanocytes. It is also present on a host of other 
primitive hematological cell types. Stem cell factor is 
also known by various other names, including KIT 
ligand, CD117, Steel factor, and mast cell growth 
factor. It is the molecule that binds to the transmem-
brane SCFR and acts to promote the reproduction of 
mast cells. The activating mutation of SCFR seen in 
mast cell disease causes an upregulation of signaling via 
this pathway and an uncontrolled proliferation of mast 
cells. The continuous activation of the stem cell factor 
allows for prolonged survival of mast cells, which also 
contributes to their increased number. Numerous 
mutations of KIT have been described, and it is believed 
that the different mutations play a role in the varied 
clinical expression of the disease. The most common 
mutation is a D816V mutation that is caused by replace-
ment of the normal aspartic acid at the 816 position 
with a valine amino acid.

Treatment: Cutaneous mast cell disease in children 
is often self-limited and resolves spontaneously with 
time. Therapy with antihistamines may help decrease 
the pruritus and provide symptomatic relief until the 
condition resolves on its own. The most important 
aspect for children with cutaneous mast cell disease, 
especially urticaria pigmentosa, is to avoid agents or 
physical insults that may cause massive degranulation 
of mast cells. These triggers include medications such 
as anesthetics, narcotics, polymyxin B, and many others. 
Physical triggers include extremes of temperature, vig-
orous exercise, repeated rubbing of the involved skin, 
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MAST CELL DEGRANULATION BLOCKERS

A. Antigen reacts with antibody (IgE)
on membrane of mast cells, which
respond by secreting pharmacological
mediators.

B. End-organ (airway) response compounded by nonspecific
reactions (ciliostasis, particle retention, and cell injury)

Kinins?

Serotonin?

Prostaglandins

ECF-A
(eosinophil

chemotactic factor
of anaphylaxis)

SRS-A
(slow-reacting
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of anaphylaxis)

Histamine

Mucous gland
hypersecretion

Smooth muscle
contraction

Increased capillary
permeability and
inflammatory reaction

Eosinophil attraction

Vagus
nerve

Cromolyn Nedocromil

Mast cell degranulation
blockers

585-nm pulsed dye laser to decrease the redness and 
telangiectases for cosmetic purposes. Some success has 
been achieved in treating systemic disease with the 
tyrosine kinase inhibitor, imatinib. Depending on the 
symptoms and the body systems involved, systemic che-
motherapy may be warranted to decrease the mast cell 
load. These agents rarely put patients into long-term 
remission, and the response is transient. At this point, 
there is no cure for mast cell disease.

MAST CELL DISEASE 
(Continued)
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reaction in which an excessive amount of collagen is 
produced locally by fibroblasts. Potential factors that 
may initiate the reaction are endothelial damage, 
certain Borrelia burgdorferi infections, and fibroblast 
abnormalities that lead to increased collagen produc-
tion. Borrelia-induced morphea has yet to be described 
in the United States; it has been reported in Europe 
and Asia.

Histology: A punch biopsy specimen of morphea 
appears as a nicely formed cylinder. The dermis is 

MORPHEA

Morphea is a skin dermatosis that is idiopathic in nature. 
The most common form is solitary, but many clinical 
variants have been described, including linear, guttate, 
and generalized forms. A small subset of patients (<1%) 
progress to progressive systemic sclerosis. It is likely 
that many patients do not seek medical advice because 
the onset is insidious or the area of involvement is so 
small that it is hardly noticeable or bothersome.

Clinical Findings: Morphea is typically seen in 
young Caucasian females. The ratio of females to males 
has been estimated at 2â•›:â•›1. Morphea begins as a small 
erythematous macule. The lesion expands outward with 
a violaceous to red border. As it expands, the central 
portion becomes slightly hypopigmented and indurated 
in nature. The trunk is the most commonly involved 
region of the body. Most areas of involvement are 
asymptomatic to slightly pruritic. If the involved area 
crosses over a joint, there may be some loss of motion 
of the affected joint and pain with flexion and extension. 
The main differential diagnosis is between morphea 
and lichen sclerosis et atrophicus. Lichen sclerosis et 
atrophicus is typically more strikingly white in color-
ation and is less indurated.

Many variants of morphea have been described. 
Guttate morphea manifests with tiny, teardrop-shaped 
areas of hypopigmented macules with slight induration 
scattered about the trunk or extremities. The induration 
of guttate morphea is not nearly as prominent as that of 
localized morphea and may not be appreciable. These 
guttate lesions may be impossible to distinguish clini-
cally from lichen sclerosis et atrophicus, and a biopsy is 
the only way to differentiate the two. Biopsies are not 
always conclusive, and the term morphea–lichen sclerosis 
overlap has been used to describe these lesions with fea-
tures of both conditions. Generalized morphea is a rare 
variant with extensive involvement of the cutaneous 
surface. By definition, generalized morphea does not 
have systemic involvement, differentiating it from pro-
gressive systemic sclerosis. However, patients with gen-
eralized morphea may develop atrophy of the adipose 
and muscle tissues underlying the areas of involvement.

Linear morphea, also called linear scleroderma, is a 
unique cutaneous variant that is well described and has 
a distinctive appearance and potential underlying com-
plications. It is commonly found along the length of the 
affected extremity. This form occurs most commonly 
in childhood. The affected skin may become bound 
down and cause limb length discrepancies as the child 
grows. Joint mobility is also a potential complication. 
Cortical hyperostosis of the long bones underneath the 
area of linear morphea has been well reported and is 
termed melorheostosis. There are subtypes of linear 
morphea that have been given the names en coup de sabre 
and Parry-Romberg syndrome.

En coup de sabre is a specific type of morphea  
that occurs along the forehead, as well as partially onto 
the cheek and into the scalp. It appears as a depressed 
linear furrow from the scalp vertically down the fore-
head. The appearance can be subtle or extremely notice-
able and can cause significant cosmetic problems. 
Parry-Romberg syndrome is a name given to linear 
morphea that occurs vertically across the face, causing 
hemifacial atrophy. The underlying adipose tissue, 
muscle, and bone are involved, with significant disfig-
urement. Patients may have neurological involvement 
leading to seizures.

Pathogenesis: The pathogenesis of morphea is poorly 
understood. An unknown factor sets off this cutaneous 

expanded with excessive amounts of collagen. A slight 
inflammatory infiltrate is often seen along the dermal-
subcutaneous border. Plasma cells are common.

Treatment: Therapy for localized morphea is not 
needed but can be attempted with topical corticoste-
roids, calcipotriene, and phototherapy. Linear morphea 
should be treated, because it has significant functional 
and cosmetic implications. Immunosuppressive agents 
such as methotrexate and prednisone have been the 
most thoroughly studied therapeutic agents.

En coup de sabre. Rare form of localized
morphea on the forehead and face. May
be associated with the Parry-Romberg
syndrome

Localized morphea. Atrophic plaques
that are firm and nonflexible on 
palpation. Often surronded by a
violaceous or erythematous rim
 

Progressive systemic sclerosis
(scleroderma). Typical skin
changes in scleroderma: extensive
collagen deposition and some
epidermal atrophy
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within the dermis. Hyaluronic acid makes up the 
majority of the mucin deposits. The alopecia is 
nonscarring.

Treatment: Prompt recognition and diagnosis of 
myxedema is required. It is a fatal condition if  
left untreated, and myxedema coma is precipitated  
by a total lack of thyroid hormone. Thyroid replaceÂ�
ment with levothyroxine (synthetic T4) is required. 

MYXEDEMA

Myxedema is seen in patients with untreated severe 
hypothyroidism. This condition results from a total 
lack of thyroid hormone secretion and resultant deposi-
tion of mucopolysaccharides into the skin and other 
organs. Many skin and systemic findings are present  
in severe hypothyroidism. This is a condition seen in 
adults. The infantile form, called cretinism, is still 
found in parts of the world that do not routinely test 
newborn infants. If it is left untreated, mental retarda-
tion and various neurological deficits can occur. Adult 
myxedema is an uncommon clinical disease.

Clinical Findings: Patients usually develop severe 
hypothyroidism slowly. It can be caused by autoim-
mune thyroiditis, a thyroid tumor, a pituitary tumor 
or infarction, or hypothalamic disease. It can also be 
seen after treatment of hyperthyroidism with improper 
replacement of thyroid hormone. The onset of symp-
toms begins as mild, nondescript findings and advances 
to severe clinical disease as the lack of thyroid hormone 
worsens. Patients have many constitutional symÂ�ptoms 
and always complain of fatigue, cold intolerance, and 
a generalized malaise. Constipation and weight gain 
are almost universal. Some patients develop a peri-
cardial effusion and bradycardia. Neurological reflexes 
are blunted, and patients complain of slow mental 
reflexes.

The skin findings are specific to myxedema and can 
help one make the diagnosis. Patients develop diffuse, 
nonscarring alopecia. The hair is often dry and breaks 
easily. The lateral half of the eyebrows is shed. Finger-
nails become brittle and lift off the nail bed. The facial 
features appear lethargic. Periorbital edema is promi-
nent. Dry skin is severe and can mimic ichthyosis vul-
garis. The skin on the lips is thickened, as is the tongue. 
The tongue may enlarge to the point that the impres-
sion of the teeth is seen on its lateral edges. If the 
infiltrate of mucopolysaccharides is extreme, the scalp 
can become thickened and furrowed, taking on the 
appearance of cutis verticis gyrate. The skin may 
acquire a subtle yellow hue due to carotinemia; this is 
most likely to be observed on the glabrous skin.

Laboratory findings are diagnostic and necessary.  
A nonspecific mild anemia is seen, consistent with 
anemia of chronic disease. Hypercholesterolemia and 
hyponatremia are two of the nonspecific findings. Elec-
trocardiography shows bradycardia and a prolonged  
PR interval. The results of various thyroid hormone 
tests are characteristic. An elevated level of thyroid-
stimulating hormone (TSH) is confirmatory for a diag-
nosis of primary hypothyroidism. Thyroxine (T4) levels 
are low and can be measured in various ways.

It is critical to differentiate adult generalized  
myxedema, as seen in hypothyroidism, from pretibial 
myxedema. Pretibial myxedema is a marker for hyper-
thyroidism, not hypothyroidism.

Pathogenesis: Thyroid hormone is required for mul-
tiple metabolic pathways to work properly, including 
the breakdown of glycosaminoglycans. When there is a 
decrease or a total lack of thyroid hormone, glycosami-
noglycans cannot be properly metabolized, and they 
accumulate in the subcutaneous tissue, most promi-
nently in the tissue of the face and scalp. This leads to 
the characteristic skin findings in myxedema.

Histology: Biopsy specimens of involved skin show 
mild deposition of mucin between collagen bundles 

Characteristic facies
in myxedema:
coarse features;
thick lips; dry skin;
puffy eyelids;
dull, lethargic
expression;
coarse hair

Megaloglossia,
showing dental impressions

Pudgy hands; chipped
nails; dry, wrinkled skin;
hyperkeratosis of elbow

Clinical manifestations 

Hypothyroidism

Ascites

Reflexes, prolonged recovery

Pulse slow

Skin coarse, dry, scalding,
cold (follicular keratosis),
yellowish (carotenemia)

Diminished perspiration

Sensation of coldness

Edema of face and eyelids

Hair dry, brittle

Menorrhagia (amenorrhea
may occur late in disease)

Lethargy, memory impairment,
slow cerebration
(psychoses may occur)

Thick tongue, slow speech

Deep, coarse voice
Heart enlarged, poor heart
sounds, precordial pain
(occasional)

Hypertension (frequently)

Weakness

Supportive care is necessary until the patient can be 
adequately stabilized. Determining the cause of the 
hypothyroidism is necessary to probe for thyroid 
cancer, pituitary problems, or other hypothalamic 
disease. Prompt recognition of the skin manifestations 
and referral to an endocrinologist can be life-saving. 
Once proper thyroid replacement has been achieved, 
the skin and hair findings slowly resolve over time.
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corticosteroid creams, which can cause atrophy. In cases 
of necrobiosis lipoidica, however, the high-potency 
steroid agents do not lead to an increase in the atrophy. 
The steroid agents act to decrease and stop the inflam-
matory infiltrate from occurring and perpetuating 
itself. Intralesional injections of triamcinolone have also 
been successful. Many other agents have been anecdot-
ally reported to be successful in treating this condition, 
although they have not been tried in standardized, 

NECROBIOSIS LIPOIDICA

Necrobiosis lipoidica is a rash that is frequently encoun-
tered in the dermatology clinic. It is most commonly 
seen in association with diabetes and is referred to as 
necrobiosis lipoidica diabeticorum. However, not all 
cases are seen in conjunction with diabetes mellitus, and 
the name necrobiosis lipoidica is a more inclusive designa-
tion. Patients who present with necrobiosis lipoidica 
should all be evaluated for underlying diabetes and 
screened periodically over their lifetime, because 60% 
to 80% will have or develop some form of glucose 
intolerance. Necrobiosis lipoidica has been reported to 
appear any place on the skin, but it is most frequently 
encountered on the anterior lower extremities. It has a 
characteristic clinical appearance, and the diagnosis can 
often be made on clinical grounds alone, without the 
use of a skin biopsy. The histologic findings are diag-
nostic of necrobiosis lipoidica. A punch or excisional 
biopsy is required for diagnosis, because a shave biopsy 
does not allow for proper histological evaluation of this 
condition.

Clinical Findings: There appears to be no sexual or 
racial predilection, and the disease is most commonly 
diagnosed in early adulthood. In most instances, necro-
biosis lipoidica occurs on the anterior lower extremities. 
The rash typically begins as a tiny red papule that 
slowly expands outward and leaves behind a depressed, 
atrophic center with a slightly elevated rim. The 
borders are very distinct. They are slightly elevated  
and have a more inflammatory red appearance. They 
are well demarcated from the surrounding normal-
appearing skin. The lesions have a broad range of sizes, 
from a few millimeters in some cases to affecting the 
entire aspect of the anterior lower legs. The plaques 
have a characteristic orange-brown coloration and sig-
nificant atrophy. The underlying dermis appears to be 
thinned dramatically; the dermal and subcutaneous 
veins can easily be seen and appear to be popping out 
of the skin. When palpated, the center of the lesions 
feel as if there is no dermal tissue present at all. The 
difference between palpation of the normal skin and 
palpation of affected skin is striking.

A small percentage of patients experience ulcerations 
that can be slow and difficult to heal. Rarely, transfor-
mation of chronic ulcerative necrobiosis lipoidica into 
squamous cell carcinoma has been reported. This trans-
formation is more likely to be a result of the chronic 
ulceration and inflammation than the underlying nec-
robiosis lipoidica. There are no other associations with 
necrobiosis lipoidica except for diabetes.

Pathogenesis: The pathomechanism of necrobiosis 
lipoidica is unknown. Theories have been suggested, but 
no good scientific evidence has pinpointed the cause.

Histology: The histology of necrobiosis lipoidica is 
characteristic. A punch or excisional biopsy is needed 
to ensure a full-thickness specimen. There is a “cake 
layering” appearance to the dermis, with necrobiotic 
collagen bundles within palisaded granulomas alternat-
ing with areas of histiocytes and multinucleated giant 
cells of both the foreign body and the Langhans type. 
The differential diagnosis histologically is between 
granuloma annulare and necrobiosis lipoidica. In nec-
robiosis lipoidica, the inflammatory infiltrate contains 
less mucin and more plasma cells. The inflammation in 
necrobiosis lipoidica also tends to extend into the sub-
cutaneous adipose tissue.

Treatment: Treatment is typically initiated with the 
use of high-potency topical steroids. It may seem coun-
terintuitive to treat an atrophic condition with topical 

placebo-controlled studies. Gaining control of the 
underlying diabetes does not seem to play a role in the 
outcome of the skin disease. Ulcerations should be 
treated with aggressive wound care, and compression 
garments should be worn if edema or venous insuffi-
ciency is present. Ulcers may take months to heal. Once 
the inflammation has been stopped, most people have 
residual atrophy that may be permanent or may improve 
slightly with time.

Atrophic patch on the anterior lower leg. Dermal blood vessels
are prominently seen. This rash can be associated with diabetes.

Medium power. A mixed granulomatous infiltrate is
present throughout the dermis, and there is a “cake
layering” effect.

High power. Close-up view of a layer of necrobiotic
collagen between two layers of diffuse granulomatous
inflammation
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unique and characteristic finding, when seen, is that of 
cholesterol-filled, needle-shaped clefts within the gran-
ulomatous infiltrate. Giant cells, both the foreign body 
type and the Touton type, are commonly seen. The 
granulomatous infiltrate surrounds and envelops necro-
biotic collagen tissue. There is usually an underlying, 
predominantly lobular panniculitis without vasculitis.

Treatment: Therapy is difficult. No randomized pro-
spective studies have been performed on this rare 

NECROBIOTIC 
XANTHOGRANULOMA

Necrobiotic xanthogranuloma is a rare skin condition 
that is frequently associated with an underlying mono-
clonal gammopathy. It was first described in the early 
1980s. Since then, many cases have been reported that 
have confirmed this to be a distinct, albeit unusual and 
infrequently encountered, skin condition. The patho-
logical findings of necrobiotic xanthogranuloma are 
distinctive and are required to make the diagnosis. 
Patients with this diagnosis need to be monitored rou-
tinely to watch for the development of a monoclonal 
gammopathy and the possibility of multiple myeloma.

Clinical Findings: So few cases of necrobiotic xan-
thogranuloma have been reported that no firm conclu-
sion can be made on the epidemiology of the disease. 
However, it is a disease of older adulthood, with almost 
all cases occurring after the age of 50 years. The lesions 
have been reported to occur anywhere on the human 
body, but they are found most often on the forehead, 
cheeks, and temporal regions around the eyes. The 
periorbital region is almost always affected. Necrobi-
otic xanthogranulomas are typically yellowish to red 
papules and plaques. There may be intervening atrophy 
between the areas of involvement. The leading edge of 
the plaques may have a red or violaceous hue. Occasion-
ally, nodules form. Secondary ulceration is frequently 
reported, as are telangiectases and dilated dermal 
vessels, which are most prominent in the regions of 
atrophy. The ulcerations take an extended period to 
resolve. Most patients are distraught by the appearance 
of the rash and complain of a mild pruritus, although 
many have no symptoms. The clinical differential  
diagnosis includes forms of planar xanthomas. A skin 
biopsy helps differentiate these conditions. This disease 
progresses over time and typically does not spontane-
ously remit.

Patients almost always complain of dry eyes or have 
objective findings of proptosis. In rare cases, necrobi-
otic xanthogranuloma affects the lacrimal gland and 
retrobulbar fat tissue.

Necrobiotic xanthogranuloma is associated with an 
immunoglobulin G-κ (IgG:κ) monoclonal gammopa-
thy in most cases. The presence of a gammopathy 
should make the clinician seek the advice of a hematolo-
gist to perform a bone marrow biopsy to help evaluate 
for multiple myeloma. A small percentage of patients  
with this gammopathy have or will develop multiple 
myeloma. Other frequently abnormal laboratory tests 
in necrobiotic xanthogranuloma include an elevated 
erythrocyte sedimentation rate (ESR), a decreased level 
of complement C4, and leukopenia. Many other abnor-
malities have been described, providing more evidence 
that this is a systemic disease and not an isolated skin 
disease. Lesions of necrobiotic xanthogranuloma have 
also been described to occur in the upper respiratory 
system and in the heart.

Pathogenesis: The pathogenesis has been theorized 
to be an antibody response to a self-antigen, most likely 
a form of lipid. This is unproven, and the exact etiology 
is unknown.

Histology: The biopsy findings of necrobiotic xan-
thogranuloma are unique and characteristic. A punch 
biopsy or excisional biopsy should be performed to 
allow for adequate evaluation. On first glance, the 
entire dermis is filled with inflammatory cells. The 
inflammation is in the granulomatous category. A 

condition, so only anecdotal therapies have been 
reported. Topical and oral steroids have been somewhat 
successful. Chemotherapeutic agents have been used 
with variable success, including the alkylating agents. 
Results have been varied, with some patients experienc-
ing long-term remission. Patients all need to be 
screened for gammopathy and for the development of 
multiple myeloma. The presence of myeloma portends 
a worse prognosis.

Low power. Diffuse dermal granulomatous infiltrate
with giant cells

Patches and plaques on the face. Necrobiotic xanthogranuloma
is most frequently encountered in a periocular location.

High power. The giant cells can
be best appreciated on higher-
power microscopy. The giant
cells are predominantly the
Touton type.
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eccrine glands. A shave biopsy is usually inadequate. 
There is a striking amount of neutrophilic inflamma-
tion in and around the eccrine apparatus. The eccrine 
glands show varying degrees of necrosis. No vasculitis 
is present.

Treatment: Treatment is supportive. Underlying 
infections need to be treated adequately. The main 
goals are pain control and prevention of secondary 
infection. If the patient’s neutrophilic eccrine 

NEUTROPHILIC ECCRINE 
HIDRADENITIS

Neutrophilic eccrine hidradenitis is also known by 
other names, such as palmoplantar eccrine hidradenitis 
and idiopathic recurrent plantar hidradenitis. These 
names imply that it is seen only on the palms and soles. 
Neutrophilic eccrine hidradenitis is a more accepted 
term, because it includes all cases independent of loca-
tion. This peculiar and uncommon rash can be seen 
anywhere on the body where eccrine glands are present. 
The palms and soles have a higher density of eccrine 
glands than other regions do, and this may be one 
reason why the disease is seen more frequently in this 
location. This condition has been frequently described 
in patients with leukemia who are undergoing chemo-
therapy. It has been reported to occur in other clinical 
settings, including human immunodeficiency virus 
infection, bacterial infections, other malignancies, and 
use of medications other than chemotherapeutics, as 
well as in patients with no other associations.

Clinical Findings: Clinically, neutrophilic eccrine 
hidradenitis manifests in a myriad of ways. It usually 
occurs in association with an underlying predisposing 
condition such as those listed previously. Patients 
develop the sudden onset of tender red papules and 
nodules with minimal to no ulceration. The papules 
blanch when pressed. The palms and soles are the areas 
most frequently involved, but this condition can occur 
anywhere on the body. The lesions may be asymptom-
atic, slightly tender, painful, or pruritic. The differential 
diagnosis includes hot foot syndrome, which is caused 
by pseudomonal bacterial infections. This condition 
typically affects the foot, and it can be associated with 
a folliculitis, such as hot tub folliculitis. Patients usually 
have a benign medical history and have had recent 
exposure to a hot tub or swimming pool.

Pathogenesis: Chemotherapy-induced neutrophilic 
eccrine hidradenitis is believed to occur secondary to 
accumulation of the chemotherapeutic agent within the 
eccrine glands to a level that is toxic to the secretory 
cells of the gland, resulting in cell necrosis. The neu-
trophilic inflammation is poorly understood. Only 
theories exist on the pathogenesis of non–chemotherapy-
induced neutrophilic eccrine hidradenitis; the true 
pathogenesis is unknown.

Histology: The histological evaluation requires a 
punch biopsy or excisional biopsy to evaluate the 

hidradenitis is caused to a chemotherapeutic agent, a 
change in the chemotherapy regimen can be consid-
ered. If the patient’s chemotherapy cannot be changed, 
topical corticosteroids and nonsteroidal antiinflamma-
tory agents may be used. If this is unsuccessful, dapsone 
and colchicine may be considered because of their anti-
neutrophilic effects. Oral steroids have been used with 
variable success. No placebo-controlled studies have 
been performed for this condition.

Low power. A neutrophilic infiltrate surrounds the dermal
eccrine glands.

High power. Neutrophils infiltrating
the eccrine ductal apparatus

Slightly tender, pink-red macules and papules on the palms
and soles caused by inflammation of the eccrine sweat
glands. Palms and soles are the most frequent site of
involvement, likely due to the high density of eccrine glands.
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solution to a sample of urine promptly turns it dark 
black. Benedict’s reagent can also be used to test the 
urine of patients with alkaptonuria; when it is added, 
the supernatant turns dark black, and this finding is 
diagnostic of alkaptonuria.

As the homogentisic acid accumulates in these 
patients, it eventually begins depositing in skin and 
cartilage tissue, for which it has an affinity, becoming 

OCHRONOSIS

Ochronosis is the name given to the later clinical findings 
of alkaptonuria. Alkaptonuria is caused by an inborn 
error of metabolism resulting from a defect or defi-
ciency of the enzyme homogentisic acid oxidase. A 
complete lack of the enzyme in the kidneys and liver is 
responsible for the buildup of the homogentisic acid. 
Alkaptonuria is transmitted in an autosomal recessive 
manner. Homogentisic acid oxidase is responsible for 
the metabolism of homogentisic acid, which is a break-
down product of the amino acids phenylalanine and 
tyrosine. This enzyme metabolizes homogentisic acid 
into maleylaceto-acetic acid, which is eventually con-
verted to fumaric acid and aceto-acetic acid. When, as 
in alkaptonuria, the homogentisic acid oxidase enzyme 
is deficient, homogentisic acid accumulates in the blood 
and is excreted in the urine. The disease has a slow, 
insidious onset, and patients often present initially in 
young adulthood.

Clinical Findings: The first clinical sign is that of 
dark urine found in an affected baby’s diaper, which 
often causes concerned parents to seek medical advice. 
If left to stand for a few minutes, the urine turns dark 
black because of the oxidative effects of the atmosphere. 
The urine can be alkalinized with a strong basic solu-
tion such as sodium hydroxide; addition of the basic 
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METABOLIC PATHWAYS AND CUTANEOUS FINDINGS OF OCHRONOSIS 
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visibly noticeable in the fourth decade of life. The sclera 
is one of the first areas to be noticeably involved. A 
subtle brown discoloration begin to form on the lateral 
aspect of the sclera and continues to darken over the 
lifetime of the patient. The ear cartilage becomes dark 
brown to almost bluish due to the accumulation of the 
homogentisic acid. The cerumen is dark black, and 
evaluation of the ear may also show a darkening of the 
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to the accumulation of homogentisic acid in various 
tissues throughout the body and the subsequent clinical 
manifestations.

Histology: The findings on skin biopsy are pathog-
nomonic for ochronosis. Large ochre bodies are found 
within the dermis. These are obvious on low-power 
microscopy and can be used to confirm the diagnosis.

Treatment: No known cure is available, and there 
is no effective therapy. Physical therapy and joint 

tympanic membrane and the stapes, incus, and malleus 
bones of the inner ear. The patient may suffer from 
tinnitus.

With time, the skin in various regions begins to 
become hyperpigmented. This occurs first and fore-
most in the areas with a high concentration of sweat 
glands. The axillae and the groin are noticeably affected. 
The excessive homogentisic acid is secreted in the 
sweat, and the pigment discolors the surrounding skin. 
The cheeks are also prominently affected.

The most disabling aspect of this disease is the depo-
sition of homogentisic acid in the fibrocartilage and 
hyaline cartilage. This leads to severe degenerative joint 
disease at an early age. The pigment alters the cartilage 
and makes it brittle and friable. The cartilage begins to 
fragment and disintegrate and can get embedded in the 
synovial tissue, causing synovial polyps. The interver-
tebral disks become severely pigmented and begin to 
calcify because of the massive destruction of the carti-
lage. The disks are destroyed, causing a severe reduc-
tion in the patient’s height, as well as chronic pain and 
rigidity of the spine. Eventually, the heart, prostate, 
aorta, and kidneys all show evidence of ochronosis.

Pathogenesis: Ochronosis is the result of an autoÂ�
somal recessive inherited disorder that causes the 
affected patient to be deficient in the enzyme homo-
gentisic acid oxidase. This deficiency, over time, leads 

replacement increase flexibility and range of motion 
and help to decrease morbidity. Some researchers advo-
cate a diet low in phenylalanine and tyrosine, although 
the success of this approach is anecdotal at best. The 
National Institutes of Health is currently studying an 
inhibitor of the enzyme 4-hydroxyphenylpyruvic acid 
dioxygenase, which would decrease the production of 
homogentisic acid and theoretically help to decrease 
joint destruction.

Typical narrowing and calcification of
intervertebral discs without involvement
of sacroiliac joints

Pigmentation,
calcification, and
ossification of 
intervertebral
discs and fusion
of vertebrae

Ochronotic pigmentation
of cartilage on femoral
head; underlying bone
normal

SYSTEMIC FINDINGS OF OCHRONOSIS 

Characteristic posture
in advanced ochronotic
spondylitis: kyphosis,
rigid spine, flexed knees,
wide base

Pigmentation of endocardium

Exposure of knee joint: pigmentation, eburnation,
and ulceration of cartilages; osteochondroma
with pedicle to synovial lining

Patella

Femoral condyle

Eburnation

Osteochondroma

Semilunar cartilage

Ulcer-
ation

OCHRONOSIS (Continued)
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mucosa. The tongue may become slightly enlarged, 
smooth, and hyperemic. Bleeding from the gingival 
mucosa can also be seen. The disease is manifested by 
many other systemic signs and symptoms.

TTP is a rare, life-threatening disease that can 
develop rapidly. It is manifested by the formation of 
microthrombi throughout the small vasculature. This 
causes multisystem organ failure and rapid death if not 
promptly treated. Most cases have been found to be 

ORAL MANIFESTATIONS 
IN BLOOD DYSCRASIAS

Many systemic hematological diseases have cutaneous 
findings as well as oral mucosal findings that are unique 
and can be the presenting clinical sign of the underlying 
disease. Awareness of the oral manifestations of these 
disorders is of paramount importance. Oral manifesta-
tions of blood dyscrasias can be seen in agranulocytosis, 
pernicious anemia, leukemia, polycythemia vera, and 
thrombotic thrombocytopenic purpura (TTP).

Clinical Findings: Agranulocytosis has been shown 
to produce oral ulcerations and erosions. Many differ-
ent causes of agranulocytosis may result in these clinical 
findings. Medication-induced agranulocytosis is the 
most frequent cause of a decreased absolute neutrophil 
count of less than 500/µL. Many medications can cause 
this reaction, including dapsone, methotrexate, and a 
host of chemotherapeutic agents. A rare autosomal 
recessively inherited disease called infantile genetic 
agranulocytosis or Kostmann disease has been described. 
These patients present in the first months of life with 
recurrent oral ulcerations, multiple bacterial infections, 
and severely depressed absolute neutrophil counts. 
Death is the norm by 1 year of age unless the disease is 
correctly diagnosed and treated. Successful therapy is 
achieved with granulocyte colony-stimulating factor 
(G-CSF) or, in more advanced cases, with bone marrow 
transplantation. Even with successful G-CSF treat-
ment, patients still develop oral ulcerations and severe 
periodontal disease. This is caused by the lack of an 
antimicrobial peptide, which allows certain bacteria to 
proliferate unabated. The species most frequently 
found is Actinobacillus actinomycetes comitans.

Pernicious anemia is caused by a deficiency of vitamin 
B12. This deficiency is most commonly seen in individu-
als with an inability to absorb vitamin B12 or in strict 
vegetarians. Pernicious anemia can manifest with a 
macrocytic anemia and neurological complications. 
Hunter’s glossitis is a form of atrophic glossitis that 
affects the tongue, leading to atrophy of the tongue 
filiform and fungiform papillae. The tongue takes on a 
beefy red appearance with a smooth surface. Varying 
amounts of glossodynia and decreased ability to taste 
are also found.

Gingival infiltration with leukemic cells may be the 
presenting sign of an acute leukemia, and gingival 
bleeding is the most frequent oral manifestation of leu-
kemia. Oral ulcerations are commonly associated with 
the gingival leukemic hypertrophy. The gums appear 
red and swollen, with varying degrees of gingivitis. The 
gums may grossly enlarge to cover the majority of the 
teeth. This form of leukemic infiltration is seen almost 
exclusively in acute myelomonocytic leukemia (M4) and 
acute monocytic leukemia (M5). It is estimated to occur 
in two thirds of patients with M5 disease and in 20% 
of those with M4 disease. Other forms of leukemia have 
been implicated in causing gingival enlargement to a 
much lesser degree.

Polycythemia vera (previously termed polycythemia 
rubra vera) is caused by excessive production of red 
blood cells, which results in abnormally high hemoglo-
bin and hematocrit values. The majority of cases are 
complicated by thrombosis. Most of these patients have 
a mutation in the JAK2 gene, which encodes a Janus 
family tyrosine kinase protein. The ability to test for 
these mutations has made diagnosis much easier. Oral 
manifestations are limited to the tongue and gingival 

Thrombocytopenic purpura, diffuse bleeding

Leukemia (chronic), gingival infiltration 

Polycythemia vera, beefy red tongue

Agranulocytosis, multiple oral ulcers

Pernicious anemia, smooth red tongue

caused by a hereditary defect in the ADAMTS13 gene 
or by decreased platelet levels caused by medications or 
autoimmunity. ADAMTS13 is a gene that encodes a 
plasma metalloprotease, which is important in regulat-
ing von Willebrand factor function. Oral manifesta-
tions of the disease include widespread petechiae and 
ecchymosis of the tongue, gingival, labial, and buccal 
mucosa. Petechial hemorrhages of the gums may appear 
later in the course of the disease.
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to interrupt DNA synthesis. The psoralen and ultravio-
let light also can cause hyperpigmentation (tanning).

Histology: The pathological features are dependent 
on the timing of the biopsy. An acutely inflamed lesion 
shows a superficial perivascular lymphocytic infiltrate 
and dermal edema with apoptotic keratinocytes within 
the epidermis. Late lesions show melanophages within 
the dermis.

PHYTOPHOTODERMATITIS

Phytophotodermatitis is a specific form of phototoxic 
or photoirritant contact dermatitis. The offending 
agent is a plant species from one of a few specific fami-
lies. This form of dermatitis has an insidious onset and 
is typically preceded by little to no inflammation. This 
can make the diagnosis difficult for the clinician. Rec-
ognition of the key clinical features and the species of 
plant involved help make the diagnosis.

Clinical Findings: Phytophotodermatitis is caused 
by certain species of plants that come into contact with 
the skin. Lone contact with skin is not enough to cause 
the inflammatory reaction and subsequent postinflam-
matory hyperpigmentation: After exposure to the plant 
material, there is a time frame during which the exposed 
area must be introduced to ultraviolet radiation. It is 
the plant oils and resins in combination with the correct 
ultraviolet source that leads to the characteristic rash.

The most typical clinical scenario encountered is one 
in which the patient comes into contact with a plant 
that contains a psoralen compound. One of the most 
frequently reported causes is the juice of a lime (Citrus 
aurantifolia). This plant is categorized within the Ruta-
ceae family. The Rutaceae family is the most wide-
spread family of plants that have been described to 
cause these types of reactions, with the lime being by 
far the most common offender.

Patients often describe the use of a lime in a mixed 
drink while vacationing on the beach. The lime juice 
contacts the skin, and when the skin is exposed to a 
specific threshold of ultraviolet light, the reaction 
develops. Most often, patients do not complain of any 
acute symptoms. If the reaction is severe, burning 
occurs acutely and the diagnosis is relatively straight-
forward. However, most reactions are subtle and do not 
appear for a few days to weeks. Patients typically return 
home from vacation and notice a subtle hyperpigmen-
tation around the mouth or scattered on the body 
where they have splashed or consciously applied the 
juice from a lime during sun bathing. The hyperpig-
mentation may last for months to years. On rare occa-
sions, a severe acute reaction occurs with red plaque and 
vesicle formation.

The many families of plants capable of initiating  
this type of reaction all contain the chemical psoralen. 
Psoralen is a potent photosensitizer that is used  
clinically. Once purified, it can be given orally in  
the form of psoralen + ultraviolet A light (PUVA) 
therapy or painted on for topical PUVA therapy. It is 
especially helpful for treating refractory hand and foot 
dermatoses.

The areas of involvement are typically asymptomatic 
and do not show any overt inflammatory features. They 
appear as hyperpigmented, irregularly shaped macules 
on the skin. These spontaneously remit over a few 
months. Many plants are capable of producing the 
reaction.

Pathogenesis: Almost all of the plants responsible for 
phytophotodermatitis come from four specific families: 
Umbelliferae, Rutaceae, Moraceae, and Leguminosae. 
These plants all contain potent photosensitizers in 
varying concentrations. The chemicals responsible for 
photosensitization are the furocoumarins; more specifi-
cally, the psoralens are by far the most important of the 
photosensitizer chemicals. On contact, the psoralen 
penetrates the skin. Subsequent exposure to ultraviolet 
A light in the spectrum of 320 to 400â•¯nm causes pyrimi-
dine dimers to form within the DNA strands, which act 

Treatment: Acute areas of involvement can be 
treated with topical corticosteroid creams. The main 
issue in management is dealing with the prolonged 
postinflammatory hyperpigmentation. No therapy has 
been shown to be helpful, but almost all reactions 
resolve slowly over time. Care should be taken not to 
perform a treatment that might lead to a worse cos-
metic outcome.

Lime and parsnip

Families of Plants Known to Cause Phytophotodermatitis and Some Representative Species

Umbelliferae
Dill–Anethum graveolens
Parsley–Petroselinum crispum
Parsnip–Heracleum sphondylium
Giant hogweed–Heracleum mantegazzianium

Moraceae
Fig–Ficus carica

Hyperpigmented macules with or without an inflammatory
stage. This is caused by the phototoxic effect of psoralens
found in various foods such as lime and parsnip.

The lime is the most frequent cause of this
reaction. Bartenders and beach vacationers
who drink beverages with a slice of lime
are commonly afflicted. 

Rutaceae 
Rue–Cneoridium dumosum
Lemon–Citrus limon
Lime–Citrus aurantifolia
Orange–Citrus sinensis

Leguminosae
Scurf pea–Psoralea corylifolia
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from hemosiderin deposition. This is a rare form of 
pigmented purpura that typically starts on the legs and 
spreads slowly over time.

Pathogenesis: The pigmented purpuric dermatoses 
are believed to be caused by capillaritis. The exact etiol-
ogy is unknown.

Histology: The histological findings are similar across 
all variants. Extravasation of red blood cells is promi-
nent. The extravasation is seen in the vicinity of the 

PIGMENTED PURPURA

The pigmented purpuras are a group of idiopathic 
rashes that can occur at any age. They are grouped 
together because of their similar clinical and histologi-
cal presentations. They are believed to be caused not 
by vasculitis but by inflammation of the small cutaneous 
capillaries, which produces a capillaritis. The rash is 
typically of no clinical significance to the patient, but it 
can cause significant cosmetic concern, and the purÂ�
puras need to be differentiated from other conditions 
that can cause similar rashes. The five rashes that  
make up the pigmented purpuric family of rashes are 
Schamberg’s disease, eczematous pigmented purpura  
of Doucas and Kapetanakis, pigmented purpura of 
Gougerot and Blum, lichen aureus, and Majocchi’s 
disease (annular telangiectatic pigmented purpura).

Clinical Findings: These entities are grouped 
together for many reasons. They are believed by some 
to be slightly different manifestations of the same 
disease state, and the histopathology of all the variants 
is strikingly similar. The pigmented purpuric dermato-
ses are benign and are not associated with any underly-
ing abnormality. They can occur at any age. They are 
almost entirely asymptomatic in nature. The true inci-
dence of these conditions is unknown, because they are 
often not reported. They are believed to occur very 
commonly.

Schamberg’s disease is the most frequently encoun-
tered of the pigmented purpuric eruptions. It almost 
universally begins on the lower extremities. It manifests 
as tiny (1-mm) cayenne pepper–like petechial macules 
of the skin. Over time, a brownish-red hyperpigmented 
background forms secondary to the extravasation of red 
blood cells and their subsequent breakdown within the 
skin to release hemosiderin. The lesions are nonblanch-
ing and nonpalpable. The rash may spread proximally 
up the lower extremity but rarely affects other areas of 
the body. Most patients are referred to the dermatolo-
gist to rule out vasculitis, which is easily done by not 
finding any evidence of palpable purpura. The rash is 
almost always entirely asymptomatic, and patients fre-
quently complain only of the appearance. If one sees 
widespread petechia, a platelet count should be per-
formed to look for thrombocytopenia. If the platelet 
count is normal, a skin biopsy of the upper extremity 
or truncal area of involvement should be performed to 
evaluate for the very rare form of pigmented purpuric 
mycosis fungoides.

Eczematoid pigmented purpura of Doucas and 
Kapetanakis is a rare variant that manifests with pete-
chiae and hyperpigmentation but is also associated with 
an overlying eczematous eruption. This form is typi-
cally pruritic and can show secondary excoriations.

Pigmented purpura of Gougerot and Blum is also 
known as lichenoid pigmented purpura. Small, light 
pink to purple papules form on the lower extremities. 
They can be mistaken initially for lichen planus. Biop-
sies of these papules show a lichenoid infiltrate. This 
pigmented purpura can be distinguished from Scham-
berg’s disease in that the skin findings are palpable. 
There is no true palpable purpura.

Lichen aureus can be seen at any age and manifests 
with the presence of multiple tiny, golden-colored 
macules that coalesce into a large macule or patch. 
Lichen aureus can occur anywhere on the body and is 
solitary in nature.

The involved regions in Majocchi’s disease show 
annular patches with petechiae and hyperpigmentation 

Extravasated erythrocytes and a lymphocytic vasculitis are the
key histological features.

Schamberg’s disease. Cayenne
pepper–like petechiae.
This asymptomatic
idiopathic rash is almost
exclusively seen on the
lower legs.

Lichen aureus. Golden-colored macules
and patches are characteristic of lichen
aureus. This is one of the variants of
pigmented purpura.

capillaritis. The infiltrate is predominantly lympho-
cytic. The presence of hemosiderin is more easily seen 
in chronic lesions.

Treatment: There is no agreed-upon standard 
therapy, and withholding therapy is a frequently used 
option. Anecdotally, topical corticosteroids may be 
tried for a few weeks. Oral vitamin C and bioflavonoids 
have been reported to be successful, again mostly in 
anecdotal reports.
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the dermis. Varying amounts of extravasated red blood 
cells are appreciated within the upper dermis. The 
stratum corneum shows varying degrees of acanthosis 
and parakeratosis.

Pathogenesis: Many attempts to isolate a viral or a 
bacterial element in patients with pityriasis rosea have 
been met with frustration. To date, no infectious cause 
has been determined. The true nature and cause of 
pityriasis rosea remain elusive.

PITYRIASIS ROSEA

Pityriasis rosea is a common idiopathic rash with a 
characteristic onset and distribution. It is a self-limited 
rash that spontaneously resolves within a few months. 
A few distinct clinical variants have been described. The 
main goal in treatment is to differentiate pityriasis rosea 
from other rashes that can have a similar clinical picture.

Clinical Findings: Pityriasis rosea is a common rash 
of young adults and children. It has no racial predilec-
tion. It is most often seen during the spring and fall 
months. Clustering of cases has been reported. A small 
but significant subset of patients have had a preceding 
upper respiratory tract infection. This has led some to 
search for a viral cause of the rash, although none have 
been found. The rash of pityriasis rosea can have a 
varying morphology, but it most commonly begins with 
a herald patch. The herald patch, or mother patch, is 
the first noticeable skin lesion. It typically precedes the 
entire outbreak of pityriasis rosea by a few days. The 
herald patch is a 2- to 4-cm, pink-red patch with fine 
adherent scale that commonly occurs on the trunk. 
After a few days, smaller, oval-shaped patches 0.5 to 
1â•¯cm in diameter begin appearing on the trunk and 
extremities. The rash follows the skin tension lines and 
has a peculiar “fir tree” pattern. This pattern mimics 
the down-sloping branches of a fir tree. The rash typi-
cally spares the face and glabrous skin.

Patients may complain of mild to moderate pruritus, 
but most are asymptomatic. The main differential diag-
nosis includes guttate psoriasis and, in cases that affect 
the palms and soles, secondary syphilis. Pityriasis rosea 
is a self-limited, spontaneously resolving rash. It typi-
cally does not last longer than 2 to 3 months. Guttate 
psoriasis usually begins after a streptococcal infection 
and does not exhibit a herald patch. The teardrop-
shaped patches of guttate psoriasis also do not follow 
the skin tension lines, and this fact can be used to dif-
ferentiate the two. Tinea corporis is almost always in 
the differential diagnosis of any rash that has a patch-
type morphology and fine surface scale. Tinea corporis 
can be easily diagnosed with a microscopic evaluation 
of a small scraping of the skin. Widespread tinea is 
almost always associated with onychomycosis, and it  
is more commonly seen in patients who are taking 
chronic immunosuppressive agents or using topical ste-
roids. These traits can be used to help differentiate the 
two conditions. The rash of secondary syphilis is the 
great mimicker. Any patient who has pityriasis rosea 
that affects the palms and or soles should be tested  
for syphilis.

A few unique variants of pityriasis rosea exist. One is 
papular pityriasis rosea. This form more commonly 
affects school-aged children with Fitzpatrick type IV, V, 
or VI skin. This version tends to be a bit more wide-
spread and more pruritic. Instead of small, oval-shaped 
patches, this variant consists of small (0.5â•¯cm) papules 
that have a small amount of surface scale. It runs the 
same benign course, with self-resolution after a few 
weeks to months. On healing, postinflammatory hyper-
pigmentation or hypopigmentation may result and may 
persist for several months.

Histology: A superficial and deep lymphocytic and 
histiocytic infiltrate is seen surrounding the vessels of 

Treatment: No therapy is needed. Most cases are 
asymptomatic and mild. Pruritus can be treated with 
oral antihistamines and adjunctive topical steroids. The 
use of oral erythromycin, twice a day for 2 weeks, was 
shown to decrease the duration of the rash. Ultraviolet 
therapy is very helpful in treating the rash and pruritus. 
If there is any consideration for syphilis in the history 
or the physical examination, a rapid plasma reagin 
(RPR) blood test should be performed.

Generalized thin oval patches
are distributed on the trunk
following the skin tension lines.

The palms and soles are typically unaffected in
pityriasis rosea. If they are affected, an RPR must
be obtained to rule out secondary syphillis.

Secondary syphillis
affecting the sole

The rash of pityriasis rosea follows the skin tension lines (Langer’s lines).
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Histology: The pathognomonic histological finding 
in PRP is the appearance of alternating layers of para-
keratosis and orthokeratosis, both in a vertical and a 
horizontal direction, lending the appearance of a chess 
board. This pattern is not always present, and some-
times it can be seen only with close inspection.

Treatment: Therapy for PRP is difficult. Many 
agents have been used with varying degrees of success. 

PITYRIASIS RUBRA PILARIS

Pityriasis rubra pilaris (PRP) is an idiopathic rash that 
has many cutaneous manifestations. It is an uncommon 
entity that often manifests with near-erythroderma. 
There are several clinical variations of the condition, 
and it has a characteristic histological pattern, although 
this pattern is not always seen on microscopic 
examination.

Clinical Findings: PRP has a unique bimodal age of 
distribution, with an early onset of disease in the first 5 
years of life and adult onset in the sixth decade. There 
is no gender or racial predilection. PRP tends to run a 
chronic course. It starts insidiously with small follicular, 
keratotic, pink to red papules. These papules have been 
described as “nutmeg grater” papules. The papules 
coalesce into larger patches and plaques. Eventually, 
large surface areas are involved, with a near-erythro-
derma. Characteristic islands of sparing occur within 
the erythrodermic background. These islands of  
completely normal skin are usually small, a few centi-
meters in diameter, but they can be much larger. The 
islands typically have an angulated shape, and they are 
rarely perfectly round or oval. The palms and soles 
become thickened and yellowish. This is highly charac-
teristic of PRP and is called “carnauba wax–like” palms 
and soles. Fissuring is very common within the kerato-
derma and can be a source of pain and a site for second-
ary infection.

PRP has historically been separated into five sub-
types: classic adult, classic juvenile, atypical adult, atypi-
cal juvenile, and a circumscribed or localized form. The 
classic adult and classic juvenile forms were described 
earlier. They typically run a chronic clinical course, 
with most cases spontaneously resolving a few years 
after onset. Paraneoplastic variants of PRP have been 
described. Onset of the malignancy precedes the rash 
of PRP, and the patients seem to improve with treat-
ment of the underlying tumor. This is a very rare  
clinical scenario. Patients with human immunodefi-
ciency virus infection seem to be at a higher risk for 
developing PRP.

The differential diagnosis of classic forms of PRP 
includes psoriasis, drug rash, and cutaneous T-cell  
lymphoma. Skin biopsy and clinical pathological cor-
relation help the clinician make a firm diagnosis.

Pathogenesis: The etiology is undetermined. Theo-
ries on the formation of PRP have centered on  
abnormal metabolism of vitamin A or an abnormal 
immune response to a foreign antigen. These theories 
have not been thoroughly studied or proven. The 
report of a familial form of PRP may shed some light 
on the etiology.

Topical corticosteroid wet wraps, oral retinoids, and 
ultraviolet therapy have long been used as first-line 
agents. The retinoids are considered first-line therapy, 
and both isotretinoin and acitretin have been used. 
Other immunosuppressants have been used, including 
methotrexate, azathioprine, and the newer anti–tumor 
necrosis factor inhibitors. No randomized, placebo-
controlled trials have been performed to date.

Carnauba wax–like thickening of the palms
and soles is a common clinical finding in
pityriasis rubra pilaris.

Islands of sparing appear as normal areas of skin
within a sea of redness. Patients with pityriasis
rubra pilaris often have erythroderma with a few
islands of sparing.



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 131

Plate 4-60� Rashes

POLYARTERITIS NODOSA

Polyarteritis nodosa is a rare chronic form of vasculitis 
of the medium to small vessels with significant cutane-
ous and systemic manifestations. It is a rare condition, 
with an estimated incidence of 5 per 1,000,000 persons. 
The symptoms depend on the organ system involved 
and the extent of vasculitis. Uniquely and for unknown 
reasons, the respiratory system is spared. Polyarteritis 
nodosa has been found in some cases to be a chronic, 
non–life-threatening disease that affects only the skin. 
More often, it is a multisystem disease, with the skin 
being affected along with other organ systems. Many 
other organ system may be involved, and the skin fea-
tures may be the presenting sign of the disease. Exci-
sional skin biopsies of cutaneous lesions of polyarteritis 
nodosa show the characteristic necrotizing vasculitis of 
medium vessels within the deep reticular dermis. The 
cutaneous diagnosis of polyarteritis nodosa should alert 
the clinician to the possibility of systemic disease, and 
appropriate testing should be undertaken to evaluate 
for widespread disease. Most cases of polyarteritis 
nodosa are idiopathic, but this condition can be seen in 
association with viral infections, malignancy, or autoim-
mune disease. Coinfection with the hepatitis B virus is 
the most classic and most frequent association with 
polyarteritis nodosa.

Clinical Findings: The primary cutaneous manifesta-
tion of polyarteritis nodosa is palpable purpura. The 
cutaneous findings tend to be spread over wide areas of 
the body and are not found entirely in dependent 
regions, as is the case with leukocytoclastic vasculitis. 
Deeper, tender dermal nodules may form. These 
nodules usually follow the course of an underlying 
artery. The patient may develop livedo reticularis of the 
extremities, and secondary ulcerations may form as the 
vasculitis progresses and causes necrosis of the overlying 
skin. The diagnosis of the type of vasculitis is difficult 
to make from clinical examination alone. Tissue sam-
pling is needed to determine the type of vessel affected 
by the inflammatory vasculitis. Polyarteritis nodosa has 
also been shown to have nonspecific findings, such as 
red macules and papules, that mimic drug eruptions or 
viral infections. If the only organ system involved is the 
integumentary system, the prognosis is good, and the 
disease typically follows a chronic, treatable course.

Once the diagnosis of cutaneous polyarteritis nodosa 
has been made, a systemic evaluation must be under-
taken to pursue potential life-threatening involvement. 
If other organ systems are involved, the patient will 
need to undergo systemic therapy, and a multidisci-
plinary approach is required. The sensory nerves are 
almost always affected by mononeuritis multiplex. This 
leads to a peripheral neuropathy, and it is cited as the 
most common extracutaneous finding in polyarteritis 
nodosa. The kidneys, heart, and gastrointestinal tract 
are also routinely affected, and any of these can lead to 
life-threatening complications. Renal artery aneurysms 
can form along the branches of the renal artery and  
can become thrombosed. This leads to wedge-shaped 
infarcts in the kidney with varying amounts of kidney 
function loss. Gastrointestinal arterial infarcts can  
also cause bowel ischemia and symptoms of an acute 
abdomen. The central nervous system and the muscu-
loskeletal system are also frequently affected.

Pathogenesis: The pathomechanisms that incite 
polyarteritis nodosa are poorly understood. Hepatitis-
induced polyarteritis is believed to be partially caused 
by viral disruption of arterial endothelial cells as a result 
of circulating antigen-antibody complexes.

Sudden occurrence of
foot drop while walking
(peroneal nerve)

Sudden buckling of knee
while going downstairs
(femoral nerve)

Myalgia and/or
arthralgia often
associated with
abdominal
problems,
anorexia, fever,
and weight loss.
Skin may show
    vasculitis
      or livedoid
      appearance.

Coarsely nodular,
irregularly scarred
kidney. Cut section
reveals organizing
infarcts and throm-
bosed aneuysms
in corticomedullary
region.

Hypertension
common

Angiogram showing 
microaneurysm of
small mesenteric
artery

CNS involvement may
cause headache, ocular
disorders, convulsions,
aphasia, hemiplegia,
and cerebellar signs.

Inflammatory cell infiltration and fibrinoid
necrosis of walls of small arteries lead to
infarction in various organs or tissues.

Mononeuritis multiplex with polyarteritis nodosa

Pattern of diverse, asymmetric
nerve involvement (non-
simultaneous in onset)

Unilateral ulnar nerve

Unilateral radial nerve

Unilateral femoral nerve

Unilateral tibial nerve

Bilateral peroneal nerves

(Lower limb more
commonly affected)

Polyarteritis nodosa with characteristic multisystem involvement

Histology: Necrotizing vasculitis of medium and 
small arteries in the deep reticular dermis is the hallmark 
of polyarteritis nodosa. The inflammatory infiltrate is 
predominantly made up of neutrophils with an admix-
ture of other leukocytes. Fibrinoid necrosis is promi-
nent, and intraluminal clotting is often seen. Depending 
on the type of skin lesion biopsied, varying amounts of 
skin necrosis are seen. This is most commonly observed 
in areas of infarcted skin and ulceration.

Treatment: The first-line therapy is with oral corti-
costeroids. The use of steroid-sparing agents early in 
the course of the disease may help decrease steroid-
induced side effects. Cyclophosphamide is the major 
steroid-sparing agent used. Therapy for polyarteritis 
nodosa induced by hepatitis B virus infection is targeted 
at the replicating viral particles.
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PUPPP on
abdomen
within striae 

Herpes gestationis. Also known as bullous 
pemphigoid of pregnancy. Pruritic bullae 
develop on a background of erythematous or 
urticarial-appearing skin.

Herpes gestationis (pemphigoid gestationis)
(H&E stain). Prominent subepidermal bulla
formation is seen along the specimen. Separation
is caused by antibodies against the BP180 protein,
which leads to bulla formation.

Immunofluorescence. Immunofluorescence studies
show linear staining of C3 along the basement
membrane zone in herpes gestationis.

PRURITIC URTICARIAL PAPULES 
AND PLAQUES OF PREGNANCY

Pruritic urticarial papules and plaques of pregnancy 
(PUPPP), also known as polymorphous eruption of 
pregnancy (PEP), is the most common dermatosis asso-
ciated with pregnancy. The name describes the variable 
appearance that the rash can take. Idiopathic in nature, 
it is seen most commonly during an expectant mother’s 
first pregnancy. It has been shown to have no bearing 
on pregnancy outcome or on the fetus or newborn. It 
is diagnosed on clinical grounds and rarely biopsied. 
There are no associated laboratory abnormalities. The 
classic history and variable morphology of the rash are 
characteristic.

Clinical Findings: PUPPP occurs during the late 
third trimester of pregnancy or has its onset soon after 
delivery. The rash almost always begins within the 
striae distensae of the abdomen. Small urticarial papules 
and plaques begin to form within the striae. They are 
extremely pruritic and cause significant discomfort. As 
the name implies, the rash can have a polymorphous 
nature. Papules, plaques, macules, and even small vesi-
cles have been described. The rash may spread from the 
abdomen to other regions of the body. PUPPP has been 
described to occur more commonly during the first 
pregnancy with a male fetus. The reasons for this are 
unknown. The rash spontaneously remits after delivery, 
in most cases within 2 to 4 weeks. Those patients with 
onset after delivery typically have a shorter course, with 
1 week of severe itching followed by remission soon 
afterward. PUPPP typically does not recur in subse-
quent pregnancies. PUPPP also does not flare when 
birth control medications are started, as does herpes 
gestationis.

The main differential diagnosis is between PUPPP 
and prurigo gestationis. Prurigo gestationis has no 
primary lesions and manifests as diffuse itching with 
excoriations. Liver function enzymes may be elevated 
in this condition. Prurigo gestationis is associated with 
an increased risk for prematurity. Scabies infection can 
also be highly pruritic and can be considered in the 
differential diagnosis. Scabies is easily diagnosed with  
a scraping and microscopic evaluation of a burrow. 
Scabies can have its onset at any time during a preg-
nancy, and urticarial papules and plaques within striae 
are not typically seen. If they are seen, they are not as 
numerous or uniform in appearance as the lesions of 
PUPPP. Herpes gestationis, also known as pemphigoid 
gestationis or bullous pemphigoid of pregnancy, is the 
most severe of all the pregnancy-associated rashes. It 
can begin as urticarial red plaques on the abdomen and 
then spread to other regions. Compared with PUPPP, 
it tends to occur earlier in the pregnancy. The biggest 
differentiating point is that the rash of herpes gestatio-
nis will begin to blister: Small vesicles form and quickly 
coalesce into larger bullae. Bullae are never seen in 
PUPPP. Herpes gestationis is caused by maternal anti-
body formation against hemidesmosomal antigens. 
Titer levels can be measured, and the most commonly 
found antibody is against the 180-kd bullous pemphi-
goid antigen (BP180). There is a risk of prematurity 
and low birth weight with this rash. Oral corticosteroids 
are often needed to keep herpes gestationis under 
control. The rash remits after delivery but tends to 
recur during subsequent pregnancies, and it can flare 
when an affected patient starts taking birth control 
medications.

Pathogenesis: The etiology is unknown. PUPPP is 
most commonly seen in first pregnancies and possibly 

is more common in multiple-birth pregnancies. The 
exact roles played by skin distention, hormonal changes, 
and interactions with the immune system in the patho-
genesis of PUPPP are being studied.

Histology: Histological findings of PUPPP biopsy 
specimens are nonspecific; there is a superficial and 
deep perivascular lymphocytic infiltrate. Occasional 
eosinophils are seen, with some dermal edema.

Treatment: The main treatment for PUPPP is 
to give supportive care and to try to suppress the 
itching symptoms. There are no ill effects on the  
fetus, and expectant mothers can be given topical 
medium- or high-potency corticosteroids to help 
decrease the itching. Occasionally, antihistamines such 
as diphenhydramine are also needed to control the 
itching.



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 133

Plate 4-62� Rashes

PSEUDOXANTHOMA ELASTICUM

Pseudoxanthoma elasticum is a rare genetic disorder 
with both cutaneous and systemic findings. It is inher-
ited in an autosomal recessive manner. This disease is 
caused by a defect in an adenosine triphosphate (ATP)-
binding protein that is found in many tissues, including 
the skin, eye, gastrointestinal tract, and cardiovascular 
systems. The cutaneous findings often precede the 
appearance of the systemic findings. Recognition of the 
cutaneous findings can help lessen the risk of systemic 
complications. A multidisciplinary approach to the care 
of these patients is required. The skin findings have no 
bearing on mortality.

Clinical Findings: Pseudoxanthoma elasticum mani-
fests in late childhood or early adulthood. The cutane-
ous findings are almost always the first sign of the 
disease. The skin on the neck is most commonly 
affected early and most severely. There is a “plucked 
chicken” appearance to the skin. Small yellow papules 
are studded within the involved region, and over time 
they coalesce into larger, symmetric plaques. The inter-
vening skin has a dull appearance with a fine pebbly 
texture. The neck is by far the area most noticeably 
affected, but other regions may become involved, 
including the intertriginous regions. A rare generalized 
cutaneous form has been reported. The mucous mem-
branes may also become involved with tiny yellow 
papules. As time progresses, the skin may become loose, 
appearing to hang from the body, and this can be a 
significant cosmetic concern to the patient. The areas 
of cutaneous involvement are essentially asymptomatic. 
On occasion, mild pruritus is reported. A nonspecific 
skin finding that is seen with increased frequency in 
pseudoxanthoma elasticum is elastosis perforans ser-
piginosa. This perforating disorder has been described 
to occur in many different clinical settings, and it is 
caused by the transepidermal elimination of damaged 
elastic tissue. The reason this occurs in pseudoxan-
thoma elasticum is unknown.

It is important to diagnosis this disease at a young 
age so that some of the severe systemic complications 
can be prevented. The globe is affected in pseudoxan-
thoma elasticum. The first sign is a yellowish discolor-
ation of the retina. Later in life, cracks or ruptures in 
Bruch’s membrane can be seen on funduscopic exami-
nation; these are termed angioid streaks. Angioid streaks 
have a later age at onset than the cutaneous findings do. 
Abnormalities of the elastic fibers in Bruch’s membrane 
are responsible for their formation. Angioid streaks can 
be seen in many disorders of connective tissue and are 
not specific for pseudoxanthoma elasticum. Retinal 
hemorrhage and resultant visual field loss is the most 
severe ophthalmological complication.

Cardiovascular and gastrointestinal manifestations 
arise because of the abnormal calcification of elastic 
tissue within blood vessel walls. Gastrointestinal hem-
orrhage may occur and may be life-threatening. Angina 
and hypertension may occur from involvement of the 
coronary and renal arteries, respectively.

Histology: Findings on skin biopsies are very charac-
teristic and show abnormal fractured, calcified elastic 
tissue within the dermis. The findings can be accentu-
ated with special staining methods to highlight the cal-
cified elastic fibers. However, the diagnosis can be made 
easily on routine hematoxylin and eosin staining.

Pathogenesis: Pseudoxanthoma elasticum is inherited 
in an autosomal recessive fashion and is caused by a 
defect in the ABCC6 gene. This gene is responsible for 
encoding the multidrug resistance–associated protein 6 

The neck is often the first area of skin involvement. Often clinically 
noted to have the appearance of “plucked chicken skin” 

Angioid streaks. Rupture of Bruch’s 
membrane, likely due to abnormal 
calcification of the membrane, can 
be seen in pseudoxanthoma 
elasticum on slit-lamp examination. 

Low power (H&E). Fragmented and calcified
elastic fibers appear as basophilic clumps within
the middle to lower dermis. This is highly
characteristic for pseudoxanthoma elasticum.

High power (H&E). Basophilic clumping of calci-
fied elastic fibers that have become fragmented
is well appreciated in this highpower view. The
abnormality in the elastic fibers leads to the
various clinical manifestations of the disease.

(MRP6), which is also known as ATP-binding cassette 
transporter 6 (ABCC6). This protein is found within 
the liver and kidneys and is expressed at low levels in 
the tissues that are affected by this disease. It has been 
proposed that the defect causes a metabolic abnormal-
ity, possibly resulting in a buildup of a metabolite that 
damages to the elastic fibers in the affected tissue.

Treatment: Therapy is directed at preventive 
care. Routine cardiovascular and ophthalmological 

examinations can help keep hypertension and early  
signs of retinal disease in check. Retinal hemorrhages 
need to be treated acutely by an ophthalmologist. Routine 
examinations for blood in the stool and routine gastroin-
testinal examinations are warranted to screen for gastro-
intestinal bleeding, which is the main cause of morbidity 
and mortality in these patients. Patients should be 
encouraged to stay within a healthy weight range and not 
to smoke. Most patients live a normal life span.
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PSORIASIS

Psoriasis is an autoimmune disease that affects 1% to 
2% of the U.S. population. There is a large regional 
variation in the incidence of psoriasis. Scandinavian 
countries have a much higher incidence than the rest of 
the world, and the Native American population has one 
of the lowest rates of psoriasis. Much has been learned 
about the pathogenesis of psoriasis, and dramatic 
advances in therapy have helped many patients. Psoria-
sis is grouped with the other papulosquamous skin dis-
eases. It can cause not only skin disease but also joint 
disease. The total effect that psoriasis has on patients 
cannot be judged solely on the basis of skin involve-
ment, because the disease has been shown to have pro-
found psychological and social effects as well. There is 
no known cure for psoriasis, but research is moving 
forward, and new therapies are being developed.

Clinical Findings: Psoriasis is a papulosquamous 
skin disease that can affect people at any age of life. 
There is no gender predilection. Approximately 40% 
of affected individuals have a family history of psoria-
sis. Most patients with early age at onset tend to have 
a more severe course of disease. Psoriasis often starts 
with silvery, ostraceous, scaly patches and plaques with 
a predilection for the knees, elbows, and scalp. The 
term ostraceous scale refers to the oyster shell–like 
appearance of the hyperkeratotic scale that is oriented 
in a concave manner. The term rupioid scale is used to 
describe the psoriatic plaques that appear to mimic the 
cone shape of limpet shells. A characteristic clinical 
finding is that of Woronoff’s ring, the peripheral rim 
of blanching seen around the early psoriatic plaques. 
Auspitz’s sign is another characteristic clinical sign 
used to differentiate psoriasis from other rashes. It 
refers to the pinpoint bleeding that occurs after the 
upper scale has been removed from a psoriatic plaque. 
Woronoff’s sign is specific to psoriasis and most likely 
is caused by localized vasoconstriction surrounding the 
area of the lesion, which has an increased blood flow. 
There is a striking symmetry to the rash. Psoriasis can 
have various skin morphologies. There are many well-
recognized clinical variants with distinctive clinical 
findings.

Psoriasis vulgaris is the most common form of pso-
riasis encountered. It manifests with symmetrically 
located, silvery, scaly patches and plaques on the  
scalp, knees, elbows, and lower back. Patients can have 
a small amount of body surface area involvement, or 
they can have widespread disease approaching near-
erythroderma. The face is usually spared from patches 
and plaques of psoriasis. Patients with a higher body 
surface area of involvement tend to have a higher risk 
for development of psoriatic arthritis and psoriatic nail 
disease. All patients with psoriasis exhibit the Koebner 
phenomenon. Koebnerization of psoriasis occurs when 
a previously normal area of skin is traumatized and 
psoriatic plaques develop within the traumatized skin.

Typical appearance
of cutaneous lesions
(silvery, scaly plaques)

HISTOPATHOLOGICAL FEATURES AND TYPICAL DISTRIBUTION OF PSORIASIS

Scalp

Sacrum

Intergluteal cleft

Elbow

Hand and nails

Groin and genitalia

Knee

Nail
Typical distribution primarily on extensor surfaces

Surface “silver” scale

Erythematous base

Munro micro-
abscess (sterile)
made of 
neutrophils

Persistence of nuclei in stratum corneum
(parakeratosis)

Increased mitotic activity indicative
of high cell turnover rate

Elongated rete pegs and dermal papillae

Dilation and tortuosity of papillary vessels

Edema and
inflammation
of dermis

Increased number of Langerhans cells

Nail pits

Transverse ridges

Onycholysis

Inverse psoriasis is a well-recognized clinical variant 
that manifests in intertriginous areas of the groin, 
gluteal cleft, axillae, and umbilicus. The patches tend 
not to be as thick as in the other forms, and the scale 
is fine. This is due to their location in occluded areas, 
which have an increased amount of moisture and help 
to keep the scale to a minimum. The patches can be 
bright red and are often misdiagnosed as a cutaneous 

Candida infection. Inverse psoriasis is also symmetric in 
nature and can present therapeutic challenges.

Guttate psoriasis is a variant of psoriasis that can 
occur after an infection, most notably a streptococcal 
bacterial infection. The guttate lesions develop soon 
after or during the infection and appear as tiny teardrop-
shaped patches with fine adherent scale. The word 
guttate means “droplet,” and the lesions of guttate 
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findings. Patients typically present with an asymmetric 
oligoarticular arthritis, a symmetric polyarticular arthÂ�
ritis, distal interphalangeal–predominant disease, spinal 
spondylitis, or arthritis mutilans. Arthritis mutilans is 
the rarest form of psoriatic arthritis, but it is life altering 
and can lead to a devastating loss of function. Psoriatic 
arthritis is considered to be a seronegative form of 
inflammatory arthritis.

psoriasis appear as tiny droplets of psoriatic patches 
found generalized over the skin, as if areas of psoriasis 
had developed within sprinkled water droplets. Chil-
dren with guttate psoriasis may have only one isolated 
episode after a streptococcal infection and no evidence 
of psoriasis thereafter. Adults with guttate psoriasis, on 
the other hand, almost always develop psoriasis vulgaris 
at some later point.

Scalp psoriasis is a unique variant that occurs only on 
the scalp. Patients complain of thick, scaly patches that 
itch and can cause a dramatic amount of seborrhea. 
Most patients who present with localized scalp psoriasis 
eventually develop areas of psoriasis elsewhere on their 
bodies.

Pustular psoriasis is a rare and distinctive form. It can 
occur in patients with a preexisting history of psoriasis, 
or it can be the initial presenting morphology. The 
diagnosis is straightforward in a patient with a long-
standing history of psoriasis who develops a pustular 
flare. The most common reason for this is the rapid 
withdrawal of systemic corticosteroids, for example, 
when a patient with psoriasis is prescribed methylÂ�
prednisolone for some unrelated condition, such as 
allergic contact dermatitis due to poison ivy. The rapid 
decrease in the dose of the corticosteroid can induce a 
pustular flare. The patches of psoriases develop pin-
point (1-2â•¯mm) pustules that can coalesce into superfi-
cial pools of pus. These patients are often ill appearing 
and can have associated hypocalcemia. Patients present-
ing with pustular psoriasis without a preexisting history 
of psoriasis pose a difficult diagnostic problem at first. 
The differential diagnosis is among psoriasis, a pustular 
drug eruption, and Sneddon-Wilkinson disease. A skin 
biopsy and clinical follow-up will eventually make the 
diagnosis clear.

Nail psoriasis is most often associated with severe 
psoriasis vulgaris and psoriatic arthritis. It can occa-
sionally be a solitary finding. Oil spots, onycholysis, 
nail pitting, and variable amounts of nail thickening 
can be present. Nail disease is refractory to most topical 
therapies, and often systemic therapy is required to 
get a good clinical response. Nail psoriasis is a marker 
for psoriatic arthritis, and patients with nail psoriasis 
are at a higher risk for development of psoriatic 
arthritis.

Palmar and plantar psoriasis is another of the less 
commonly seen clinical variants. It can manifest on the 
palms and soles as red, scaly patches and plaques or as 
patches studded with a variable amount of small pus-
tules. This variant of psoriasis is more commonly found 
in females, and smoking has been shown to make the 
clinical course worse.

Psoriatic erythroderma is a rare variant that is seen 
as a sequela of steroid withdrawal or of other, undefined 
triggers. It manifests with near-total redness of the skin. 
The redness is caused by massive vasodilatation of the 
cutaneous vasculature, which can lead to high-output 
cardiac failure. These patients are universally treated in 
the inpatient setting.

Psoriatic arthritis can manifest in association  
with psoriatic skin disease or as arthritis with nail  

Pathogenesis: Psoriasis is an autoimmune disease 
caused by an abnormality within the cells of the immune 
system. There is a genetic susceptibility, and the human 
leukocyte antigen (HLA) Cw6 locus is the most com-
monly found (but not the only) susceptibility factor  
in patients who develop psoriasis. The success of 
therapy with cyclosporine, a medication that dramati-
cally decreases T-cell function, was one of the first  

Typical
appearance

of intertriginous
lesion 

Thick, adherent, silvery, scaly
patches and plaques on scalp

Inframammary, axillae, umbilicus, groin, and gluteal
cleft are regions involved in inverse psoriasis.

Regularly spaced
and shaped
acanthosis of the
epidermis, with
telangiectatic
vessels in the
papillary dermis

INVERSE PSORIASIS AND PSORIASIS IN THE GENITAL AREA 

PSORIASIS (Continued)
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with excellent results. In the long term, these therapies 
increase the patient’s risk of developing skin cancers, 
and lifelong dermatologic follow-up is required.

Oral systemic agents are also used for moderate to 
severe psoriasis. Methotrexate taken on a weekly basis 
has been used for years. Oral cyclosporine has been 
used with great success for erythrodermic and pustular 
psoriasis. Its use is limited to 6 to 12 months because 
of nephrotoxicity. Many biological agents have become 

clues to the pathogenesis of psoriasis. Psoriatic patients 
given this medicine almost always have rapid clinical 
improvement.

T-cell lymphocytes and dermal dendritic cells are the 
most likely precursor cells to be the cause of psoriasis; 
they are both found in increased numbers in psoriatic 
plaques. CD8+ T cells are the predominant lymphocyte 
found within the epidermis; they contain the cutaneous 
lymphocyte antigen (CLA) antigen on their cell surface. 
The CLA antigen is important because it directs these 
cells into the skin. Many subsets of dermal dendritic 
cells have been found within psoriatic plaques. Den-
dritic cells have been shown to be potent stimulators of 
T cells, and they are believed to be required to propa-
gate the inflammatory reaction. These two cell types 
interact with each other and change the local cytokine 
profile into one that is proinflammatory and provides a 
milieu that is required for the development of the clini-
cal findings of psoriasis. What is still unknown is the 
initial stimulus that sets off this cascade of events and 
how it is propagated and perpetuated.

Histology: Histological examination of biopsy 
specimens of psoriasis vulgaris show regular  
psoriasiform hyperplasia of the epidermis. Multiple 
normal-appearing mitotic figures are seen within kera-
tinocytes. Neutrophils are prominent within the 
stratum corneum and within the lumen of the papillary 
dermal blood vessels. Mounds of parakeratosis are seen 
in the stratum corneum and contain many neutrophils. 
The papillary dermis shows a proliferation of ectatic 
capillary vessels with a perivascular infiltrate made up 
of lymphocytes, Langerhans cells, and histiocytes. Col-
lections of neutrophils within the stratum corneum are 
called Munro microabscesses. Kogoj microabscesses are 
similar collections of neutrophils within the stratum 
spinosum. There is a decrease in the thickness of the 
granular cell layer. With time, some of the tips of the 
rete ridges coalesce and form thickened ends.

Pustular psoriasis shows varying amounts of intraepi-
dermal pustules; acanthosis and psoriasiform hyperpla-
sia are not prominent. Again, there are multiple dilated 
capillary blood vessels in the papillary dermis.

Treatment: There is no cure for psoriasis. Treatment 
should be based on the amount and location of the 
psoriatic plaques and consideration of the psychological 
well-being of the affected individual. Small areas in 
discrete locations can be treated with topical corticoste-
roids, anthralin, tar compounds, or vitamin D or A 
analogues or left alone without therapy. Ultraviolet 
therapy with natural sunlight, narrow-band ultraviolet 
B light (UVB), or psoralen + ultraviolet A light (PUVA) 
has been used with great success. Often, combinations 
of therapies are implemented.

As the body surface area of involvement increases or 
the psychological well-being of the individual is affected 
such that systemic therapy is warranted, many agents 
are available to treat the psoriasis. Phototherapy with 
narrow-band UVB or PUVA has been used for decades 

PSORIATIC ARTHRITIS

Pitting, discoloration, and erosion
of fingernails with fusiform swelling
of distal interphalangeal joints

Psoriatic patches on dorsum of hand
with swelling and distortion of many
interphalangeal joints and shortening
of fingers due to loss of bone mass

Radiographic changes in distal inter-
phalangeal joint. Left, In early stages, bone
erosions are seen at joint margins. Right, In
late stages, further loss of bone mass
produces “pencil point in cup” appearance.

Radiograph of sacroiliac joints shows thin
cartilage with irregular surface and
condensation of adjacent bone in
sacrum and ilia.

Toes with sausage-like swelling,
skin lesions, and nail changes

available over the last decade. These medications are 
given by subcutaneous, intramuscular, or intravenous 
injection. They include etanercept, alefacept, adalim-
umab, infliximab, and ustekinumab. All of these agents 
have had excellent response rates. They are all consid-
ered to be immunosuppressive, and patients taking 
these medications need close clinical follow-up, because 
they are at increased risk for infections and possibly for 
systemic cancers, such as lymphoma, after years of use.

PSORIASIS (Continued)
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RADIATION DERMATITIS

With the ever-increasing use of adjunctive radiotherapy 
for a plethora of indications in the treatment of cancer, 
radiation dermatitis has been increasing in incidence. 
There are acute and chronic forms of radiation derma-
titis, and their development is based on the total dose 
of radiation given. The skin is particularly sensitive to 
radiation damage, and it responds to the radiation in 
various ways. In the 1950s, the use of radiation to treat 
common skin conditions such as acne, tinea, and many 
common dermatoses was widespread. It was not until a 
better understanding of the long-term effects of radia-
tion was achieved that this practice was discontinued. 
Localized or widespread radiotherapy is still used for 
some skin conditions, but it is most commonly reserved 
to treat malignancies such as tumor-stage mycosis  
fungoides or as an adjunctive therapy for melanoma, 
squamous cell carcinoma, Merkel cell carcinoma, or, 
uncommonly, unresectable basal cell carcinoma. 
External-beam radiotherapy can cause other complica-
tions depending on the location to which it is applied. 
Irradiation of the head and neck region often produces 
xerostomia and mucositis. Dysphagia is also a possibil-
ity. If care is not taken to protect the globe, vision 
alteration or blindness may occur.

The method by which the radiation dose is given 
(fractionated, hyperfractionated, or accelerated hyper-
fractionated) is less critical in the development of radia-
tion dermatitis than the total dose or the coexisting use 
of chemotherapy. Chemotherapy in combination with 
radiotherapy increases the chance of radiation derma-
titis dramatically.

Clinical Findings: Radiation dermatitis can be 
divided into an acute form and a chronic form. The 
acute form begins within weeks after the radiation 
therapy has started. There is a graded scale of acuity 
from grade I to grade IV. Almost all patients undergo-
ing radiotherapy develop some symptoms of grade I 
radiation dermatitis. Grade I is defined as a slight ery-
thema of the skin overlying the radiation site associated 
with xerosis of the skin. Grade II manifests with more 
inflammatory red patches and edema. Grade III shows 
evidence of bright erythema, edema, and desquamation 
of the epidermis. Grade IV, the most severe form of 
acute radiation dermatitis, manifests as full-thickness 
skin necrosis, erythema, and ulcerations. This is the 
least common form of acute radiation dermatitis but the 
most severe, and it requires immediate management.

Chronic radiation dermatitis is commonly seen many 
months to years after exposure to radiation. Poikiloder-
matous skin changes are most prominent, and there is 
a thickening and hardness to the exposed skin. Poikilo-
derma manifests as telangiectases, atrophy, and hyper-
pigmentation and hypopigmentation. Hair loss is 
common, as is the loss of all appendageal structures 
such as eccrine glands and apocrine glands. The hair 
loss is permanent.

Treatment: Therapy for acute radiation dermatitis is 
grade dependent. There is no acceptable or reliable 
prophylactic method to prevent radiation dermatitis. 
Grade I acute dermatitis is treated with moisturizers, 
and the use of a low-potency cortisone cream can be 
considered. Grade II or III acute dermatitis should be 
treated with moisturizing creams such as zinc oxide 
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Central nervous system effects; CNS shock; loss of
consciousness. Causative dose: ≥1600 R.
Appears in 3 to 4 days or sooner, even immediately
in higher dosage: indicative of lethal dose

Epilation
Causative dose: 400 to 500 R
Appears in 12 to 14 days

Cataracts
Causative dose variable:
about 500 R probably causes
partial opacification

Oral cavity ulceration
Causative dose: ≥500 R
Appears in 10 to 14 days

Lymph node atrophy
Causative dose: 400 to 500 R
Irreversible after doses
of ≥700 to 900 R

Radiation burns
On skin surfaces exposed to fallout
and not quickly decontaminated

Extent depends on amount 
and time allowed to remain

Causative dose: ≥4000 RAD of �rays

Appears in about 10 days (earlier for higher doses)

Bone marrow depression
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blood manifestations appear later,
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Diarrhea, melena
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syndrome, but possibility of psychogenic
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result of thrombocytopenia (hemorrhage) and of
leukopenia (infection of gastrointestinal tract).
Prognosis then parallels bone marrow effects.

Lack of sphincter control indicates CNS damage
(lethal dose)

Gastrointestinal syndrome (mucosal
denudation, hemorrhage, hyperactivity
followed by atony)
Causative dose: ≥900 to 1600 R
Appears almost immediately, death
in 7 to 14 days
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paste. Strict sun protection is required. Medium-
potency corticosteroids may be used, and care should be 
taken to avoid superinfection. If a cutaneous infection is 
suspected, culture and use of appropriate antibiotics is 
required. Grade IV dermatitis requires treatment by a 
team of wound care specialists adept at treating burns.

Chronic radiation dermatitis, in and of itself, does 
not require therapy unless the patient experiences 

severe tightness or hardness of the skin. In anecdotal 
reports, pentoxifylline has been successful in softening 
the areas of chronic radiation dermatitis. Topical mois-
turizers may help with the dryness. The most critical 
aspect is routine inspection of the area of chronic radia-
tion dermatitis for the development of skin cancers, 
most commonly basal cell carcinoma and squamous cell 
carcinoma.
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Pathogenesis: The leading theory is that an infection 
in a susceptible individual sets off this immunological 
reaction. HLA-B27 seems to be a marker that is fre-
quently positive in patients with reactive arthritis, but 
only a small subset of HLA-B27–positive patients 
develop the disease. The exact pathomechanism is 
unknown. Possibly, a bacterial antigen causes epitope 
spreading and initiates the autoimmune reaction.

Histology: The pathological findings are nondiag-
nostic and appear identical to those of psoriasis. Psoria-
siform hyperplasia of the epidermis is prominent, along 

REACTIVE ARTHRITIS 
(REITER’S SYNDROME)

Reactive arthritis (formerly known as Reiter’s syn-
drome) comprises a unique constellation of clinical 
findings. The syndrome is believed to be precipitated 
by an infectious agent, often shigella or chlamydia.

Clinical Findings: Reactive arthritis usually affects 
men in the third to fifth decades of life. The most fre-
quent skin findings are balanitis circinata and kerato-
derma blennorrhagica. Balanitis circinata manifests as 
small psoriasiform, pink-to-red patches on the glans 
penis. It can appear identical to psoriasis. Keratoderma 
blennorrhagicum is less common than balanitis circi-
nata. It occurs on the soles and palms, with the soles pre-
dominating. Small papulosquamous papules, patches, 
and plaques occur on the glabrous skin. Small, juicy 
papules and pustules can be scattered throughout the 
involved skin; the clinical appearance can mimic psoria-
sis. Some scholars think that reactive arthritis and psori-
asis are one in the same, but other clinical findings of 
reactive arthritis make the two worthy of differentiation.

The unique clinical hallmarks that separate reactive 
arthritis from psoriasis are the triad of urethritis, con-
junctivitis, and arthritis. Urethritis typically is the initial 
clinical finding. It often begins a few days to 1 week after 
an infection. The infective agent that most commonly 
precipitates this syndrome is Chlamydia trachomatis. Gas-
trointestinal bacterial infections have also been shown to 
initiate the reaction, including infections with Shigella 
flexneri, Salmonella species, Yersinia enterocolitica, and 
Campylobacter jejuni. Dysuria, urinary frequency, and 
pyuria can be the presenting findings. Women with 
severe urethritis can develop cervicitis, cystitis, and 
pyelonephritis. Men are prone to development of cystitis 
and prostatitis. A few days to weeks later, the affected 
patient develops conjunctivitis and arthritis. The con-
junctiva is red and injected with a weeping exudate. Iritis 
and uveitis are rarely seen manifestations but can occur.

Reactive arthritis is considered to be a seronegative 
form of arthritis. It is typically polyarticular and affects 
the large joints such as the knees and hips. The joints 
become swollen, red, and tender. Movement can be 
restricted because of pain. Most cases spontaneously 
resolve, but a subset of patients develop chronic pro-
gressive destructive arthritis.

Some patients develop nondescript small, discrete 
oral ulcers that can appear the same as aphthous ulcers. 
They can be nontender, and this feature can be helpful 
in differentiating them from other forms of oral ulcers. 
These ulcers spontaneously resolve in most cases.  
Laboratory testing show seronegativity. Testing for 
both the rheumatoid factor and antinuclear antibodies 
(ANA) is negative. The sedimentation rate is often 
extremely elevated. Patients frequently carry the human 
leukocyte antigen (HLA)-B27 marker. This is a marker 
that has been found to occur with a higher than expected 
frequency in patients with ankylosing spondylitis and 
reactive arthritis. However, most patients who test posi-
tive for the HLA-B27 marker never develop either of 
these conditions. There is no blood test that can make 
the diagnosis of reactive arthritis. Radiographs can be 
helpful in assessing joint inflammation and joint 
destruction. The diagnosis of reactive arthritis is made 
on clinical grounds. Most patients do not exhibit all of 
the findings mentioned, and the diagnosis is based  
on the number of clinical findings and the length of 
time the patient has had them. The American College 
of Rheumatology has published complicated criteria to 
help make the diagnosis.

Conjunctivitis is seen frequently
after the onset of urethritis.

Urethritis, balanitis
circinata

Subungual
keratitis

Joint involvement
resembles early stage
of rheumatoid arthritis.

Sacroiliitis

Erosions of soft palate
and/or tongue. Oral ulcers
are typically painless.

Achillobursitis.
Swelling, erythema,
tenderness

Keratoderma and/or
grouped pustules on
plantar surface of foot
(keratoderma
blennorrhagica)

Conjunctivitis

Classic triad

Arthritis.
Usually
asymmetric
involvement
of multiple
joints
(circled )

Urethritis

Loose fibrinoid exudate
with fibrous bands in
joint but no villi or joint
damage

with neutrophils. Increased numbers of blood vessels 
are seen in the dermis.

Treatment: Any underlying infection must be 
sought and appropriately treated with the correct 
antibiotic therapy. Nonsteroidal antiinflammatory 
drugs are used to treat the arthritis. An ophthalmolo-
gist should be consulted to evaluate the globe. Cor-
ticosteroid eye drops are frequently used. Topical 
steroids can be used to treat the skin manifestations. 
Many patients experience a spontaneous remission in 
a few months.
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lymphocytic infiltrate may surround adnexal structures. 
Papular rosacea shows perifollicular abscesses. An inter-
esting finding with unknown relevance is that of multiple 
demodex mites within the hair follicle passage. A granu-
lomatous form of rosacea can be seen histologically.

Treatment: Sun protection and sunscreen use 
are important for all patients with rosacea, especially 
the erthematotelangiectatic form. The use of topical 
and oral antibiotics (e.g., topical metronidazole, 

ROSACEA

Rosacea is an extremely common chronic dermatosis. 
This inflammatory dermatosis is associated with many 
triggers or initiating factors that can cause a flare of  
the inflammatory response. There are various forms, 
including erythematotelangiectatic, papular pustular, 
ocular, and phymatous varieties and rosacea fulminans. 
The erythematotelangiectatic form is the most 
common. Rosacea fulminans is the least common but 
by far the most severe form.

Clinical Findings: Rosacea is most often seen in 
Caucasians, especially those of northern European 
heritage. There is a slight overall female predominance. 
The phymatous form occurs almost exclusively in men. 
The peak age at onset has been estimated to be in the 
third to fourth decades of life. Most patients start with 
a subtle redness to their cheeks and nose. The forehead 
and ears are less commonly affected. Most patients 
notice a trigger or inciting factor that makes their skin 
flush. Triggers include alcohol, hot spicy foods, hot 
liquids (e.g., coffee, tea), and exposure to extremes of 
temperature. Patients can have any, all, or none of the 
typical triggers. On exposure to a trigger, patients often 
experience a warmth to the skin and flushing of the 
areas involved by rosacea.

The diagnosis is typically straightforward and is made 
on clinical grounds; however, the differential diagnosis 
in some cases can include other causes of flushing and 
lupus erythematosus. The butterfly rash of lupus erythe-
matosus can look very similar, and occasionally a skin 
biopsy is required to help differentiate the two. This is 
unusual, because the systemic manifestations of lupus 
are not seen in rosacea. This scenario is most common 
when a patient with known lupus erythematous presents 
with a facial rash and the underlying lupus must be dif-
ferentiated from co-existing rosacea as the cause.

Other common forms of rosacea are the papular  
pustular and ocular forms. Patients with the papular 
pustular form typically start off with the erythematotel-
angiectatic form and progress to this form over time. 
Not every case of erthematotelangiectatic rosacea pro-
gresses, however. Patients begin to develop crops of 
inflammatory papules and pustules, predominantly on 
the nose and cheeks. The forehead and chin can also be 
involved. The appearance can be hard to differentiate 
from acne, but these patients typically have triggers, 
some flushing, and a later age at onset. The back and 
chest are not involved by rosacea. Patients with ocular 
rosacea present with conjunctivitis and blepharitis. 
These are manifested clinically by redness of the con-
junctiva and a feeling of “sand” in one’s eye. It can be 
a solitary finding, but it is more commonly seen in 
conjunction with skin disease.

Phymatous rosacea is caused by massive overgrowth 
of sebaceous glands with edema and enlargement of the 
structures affected. This is most common on the nose 
of men, in which cases it is called rhinophyma. The 
appearance of the nose can become distorted, leading 
to a red, edematous, bulbous deformity with accentu-
ated follicular openings.

Rosacea fulminans is a rare variant that can have an 
acute onset of severe papules, pustules, nodules, and 
cyst formation.

Pathogenesis: The etiology of rosacea is unknown. 
Subtypes are most likely a heterogeneous group of 
similar-appearing disease states.

Histology: The findings on skin biopsy in rosacea 
depend on the form that is biopsied. The erthemaÂ�
totelangiectatic form typically shows a few dilated  
blood vessels and dermatoheliosis. A sparse, superficial 

sulfacetamide, oral tetracyclines) has long been the 
mainstay of therapy. Topical azelaic acid has also been 
helpful. Avoidance of triggers is helpful in some indi-
viduals. Use of the 585-nm pulsed dye laser has led to 
excellent results in treating the underlying redness from 
telangiectatic blood vessels. Isotretinoin has been used 
in severe cases, including rosacea fulminans. Rhino-
phyma is typically treated with a surgical approach to 
debulk the extra tissue and reshape the nose.

Rhinophyma

Erythematotelangiectatic rosacea

Rosacea Fulminans
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erythrocyte sedimentation rate is uniformly elevated. 
For some unknown reason, this syndrome is most com-
monly seen in young Caucasian women. This form of 
sarcoidosis typically resolves spontaneously within 2 to 
3 years.

Lupus pernio is the name given to the clinical find-
ings of specific cutaneous sarcoid involvement of the 

SARCOID

Sarcoid, or sarcoidosis, is a relatively common conÂ�
dition that can affect many organ systems. There is a 
wide spectrum of disease activity, from localized skin 
disease to widespread involvement of the integuÂ�
mentary, pulmonary, cardiac, renal, gastrointestinal,  
ophthalmic, endocrine, neurological, and lymphatic 
systems. However, most cases are mild in nature and 
can be controlled with proper care. Although an infec-
tious etiology has often been theorized, no conclusive 
evidence has been established. This idiopathic condi-
tion can produce multiple skin findings. The skin find-
ings should cause the attending physician to look for 
systemic involvement.

Clinical Findings: Sarcoidosis can occur in any 
ethnic population, but it is seen at a higher rate in 
African Americans. It also has a higher incidence in 
women. The usual age at onset is before 40 years. Up 
to 90% of patients with sarcoid have a benign clinical 
course with no increased mortality. Sarcoidosis has 
been reported to occur in a familial form, which has led 
researchers to look for specific genetic defects that 
could explain the disease. However, sarcoid remains an 
idiopathic multisystem disease. There are many distinct 
clinical expressions of the disease that are common 
enough that they have been named, including Löfgren’s 
syndrome, lupus pernio, Darier-Roussy sarcoid,  
Heerfordt syndrome, and Mikulicz syndrome.

Sarcoid can affect the skin in a multitude of ways. 
There are both specific and nonspecific skin findings. 
The most common nonspecific skin finding is erythema 
nodosum. Erythema nodosum affects the lower ante-
rior extremities. It manifests as tender subcutaneous 
nodules or plaques. Examination of biopsy specimens 
shows a nonspecific form of panniculitis. The etiology 
of erythema nodosum in patients with sarcoid is poorly 
understood.

The lesions of sarcoid that occur within the integu-
mentary system are quite varied. The most common 
specific skin lesion is a slightly brownish to red-brown 
papule, plaque, or nodule with varying amounts of 
hyperpigmentation. Sarcoid is a mimicker of many 
other conditions, especially in its skin lesions. Macular 
lesions, ulcerations, subcutaneous nodules, annular 
plaques, ichthyosiform erythroderma, and alopecia 
have all been described as potential presentations  
of sarcoid.

The extracutaneous organ system most commonly 
involved is the pulmonary system. There is a relatively 
straightforward classification that describes the stages 
of pulmonary sarcoid based on radiographic findings. 
The higher the radiographic stage, the more severe the 
disease. Isolated bilateral hilar adenopathy is the most 
common pulmonary finding, and it is the basis for stage 
I radiographic disease. These patients are most com-
monly asymptomatic, and the adenopathy is found on 
routine radiographic testing. Any findings of pulmonary 
sarcoid should prompt referral of the affected individual 
to a pulmonologist for pulmonary function testing.

Löfgren’s syndrome is defined by the acute onset  
of erythema nodosum, almost exclusively in young 
adult women; it is seen in association with fever,  
bilateral hilar adenopathy, and uveitis. Other, nonÂ�
specific constitutional signs are often present. The 

nose and the rest of the face. This form of sarcoid is 
quite resistant to therapy, runs a more prolonged 
course, and is often difficult to treat. The skin findings 
are typically shiny brown-red plaques, papules, and 
nodules overlying the nose and other regions of the 
face. The involvement can become so severe as to cause 
disfigurement of the nose by shiny red-brown papules 

Skin
lesions

CUTANEOUS MANIFESTATIONS OF SARCOID

Bilateral 
parotid gland 
involvement

Lacrimal 
gland involve-
ment

Paralysis due
to involvement 
of facial 
(VII) nerve

Bone destruction 
of terminal 
phalanges

Positive Kveim test. Intracutaneous injection
of saline suspension of human sarcoidal
spleen or lymph nodes causes appearance
of erythematous nodule in 2 to 6 weeks.

Biopsy of nodule.
Typical sarcoidal
granuloma (dense
infiltration with
macrophages,
epithelioid cells,
and occasional
multinucleated
giant cells [arrow])
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Granuloma with giant cell in heart wall

Perivascular infiltration, chiefly of histiocytes in
cardiac interstitium 

Brain + (15%)
Eyes ++ (20%) 
Nasal and pharyngeal
mucosa, tonsils + (10%)

Salivary glands + (1%)

Lymph nodes ++++
(80%) 

Lungs ++++ (80%) 

Heart ++ (20%) 

Liver ++++ (70%)  

Spleen ++++ (70%) 

Skin ++ (30%)  

Bones ++ (30%) 

Relative frequency of organ
involvement in sarcoidosis

SYSTEMIC MANIFESTATIONS OF SARCOID

Typical epithelioid cell granulomas
with occasional giant cells

Schaumann body (concentrically
laminated, calcified body) in a 
mediastinal lymph node giant cell

Sectioned
lung in
advanced
sarcoidosis.
Fibrosis in
central zone
with bullae
near surface
of upper lobe,
one of which
contains 
an aspergilloma.

and plaques. Lupus pernio has nothing to do with the 
autoimmune disease lupus. Lupus pernio can be very 
difficult to treat, and systemic immune suppression is 
often required.

Subcutaneous sarcoidosis, also called Darier-Roussy 
sarcoid, is an uncommon condition that manifests as 
subcutaneous plaques of varying size. This is a rare 
finding in patients with sarcoid. It manifests as slightly 
tender, dermal nodules with an overlying hyperpigmen-
tation or normal-appearing skin. A biopsy specimen 
taken from one of the subcutaneous nodules shows the 
typical findings of sarcoid.

Heerfordt syndrome is an extremely rare version of 
sarcoidosis that manifests more commonly in young 
adult men than in women. It is manifested by fever, 
parotid gland hypertrophy, and lacrimal gland enlarge-
ment in association with facial nerve palsy and uveitis. 
Neurological involvement with sarcoidosis may cause 
papilledema and cerebrospinal fluid pleocytosis, indicat-
ing an inflammatory reaction pattern. Meningism can 
occur with headache, spinal stiffness, and photophobia.

Mikulicz syndrome is not specific to sarcoid. It is 
manifested by bilateral enlargement of various glands, 
including the parotid, submandibular, and lacrimal 
glands. The tonsillar tissue may also be involved. Fever 
is common, as is the subsequent development of dry 
eyes and mouth due to the widespread, often painless, 
inflammation of the affected glands. It has been seen 
with uveitis and is considered by some as a variant of 
Sjögren’s syndrome.

Diagnostic testing to confirm sarcoid includes, most 
importantly, a tissue biopsy. Tissue sampling is diagnos-
tic and should lead the physician to search for other 
organ systems involved with sarcoidosis. Laboratory 
testing may show elevated levels of serum calcium and 
angiotensin-converting enzyme. Chest radiographs can 
identify a spectrum of disease that is staged by certain 
criteria. Patients uniquely show a decreased ability to 
mount a delayed-type hypersensitivity reaction. This 
may be manifested by an inability to react to intrader-
mally placed antigens such as tuberculin or candida and 
is termed anergy. Sarcoid patients in the past were fre-
quently found to have a positive Kveim test. This test 
is no longer clinically performed because of the danger 
of transmitting a bloodborne pathogen. The test was 
performed by interdermal placement of a small amount 
of a suspension of human spleen and lymph node that 
had been affected by sarcoid, similar to the placement 
of a purified protein derivative (PPD) test for tubercu-
losis. This test was found to be positive in more than 
85% of patients with sarcoid.

Mortality is uncommon but may occur secondary to 
severe cardiac, renal, or pulmonary involvement.

Pathogenesis: The exact etiology of sarcoidosis is 
unknown. For years, scientists have been looking at the 
potential causative link between sarcoid and an infec-
tious agent, usually an atypical mycobacterial agent. 
However, no conclusive evidence has been reported to 
indicate that sarcoid is caused by an infectious disease.

Histology: The classic finding of multiple, noncaseat-
ing epithelioid granulomas with a sparse surrounding 
inflammatory infiltrate is the hallmark of sarcoidosis. 

The granulomatous findings are consistent across all of 
the various tissues affected by sarcoid. Many nonspe-
cific histological findings can also be seen, but not on a 
consistent basis; these include Schaumann bodies and 
asteroid bodies.

Treatment: The treatment for sarcoid has been con-
sistent over time and includes nonspecific immunosup-
pression, most commonly with oral corticosteroids such 

as prednisone. Isolated cutaneous findings may be 
treated with topical corticosteroids or intralesional 
steroid injections. Methotrexate is a steroid-sparing 
agent that is used for difficult-to-control disease and for 
lupus pernio. The anti–tumor necrosis factor medica-
tions, infliximab and adalimumab, have been used with 
some success. The use of hydroxychloroquine has also 
been advocated for treatment of cutaneous sarcoid.

SARCOID (Continued)
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on gross evaluation because of the increased amount 
of dermal collagen. Microscopic evaluation shows an 
increased amount of collagen that replaces everything 
including the adnexal structures and subcutaneous fat. 
The extensive collagen is so vast that it can appear 
as an amorphous eosinophilic mass with nothing 
between the collagen bundles. A sparse inflammatory 
infiltrate is present at the interface of the collagen 
and underlying remaining tissue. Plasma cells may be 
prominent.

SCLERODERMA (PROGRESSIVE 
SYSTEMIC SCLEROSIS)

Scleroderma, or progressive systemic sclerosis, is an 
idiopathic, life-threatening connective tissue disease 
that involves many organ systems. There is often an 
insidious onset of diffuse skin thickening, sclerodactyly, 
Raynaud’s phenomenon, capillary nail fold loops, and 
tightening of the skin around the orifice of the mouth. 
As the name implies, this is a progressive disease with 
significant morbidity and mortality.

Clinical Findings: Progressive systemic sclerosis is 
an unrelenting connective tissue disease that predomi-
nantly affects young adult women. African Americans 
appear to be slightly more affected than Caucasians. It 
occurs across all ethnic backgrounds. Skin findings are 
variable from patient to patient, but all have a persistent 
and relentless sclerosis of the skin. It begins insidiously, 
and slowly the skin begins to thicken and harden, 
causing the underlying dermis to become firm to palpa-
tion. The progressive sclerosis causes digital tip ulcer-
ation as the peripheral distal blood vessels begin to 
thrombose. The hair shafts in the affected skin disap-
pear at a slow and steady, almost unnoticeable rate. This 
is caused by crowding out of the hair follicles by the 
excessive production of dermal collagen.

As the dermal sclerosis progresses, skin tightness is 
noticed, and the patient may become aware of difficulty 
with movement of the fingers. The tightness around the 
mouth is manifested by an increase in the furrowing 
circumventing the oral orifice and inability to open the 
mouth as wide as was once possible. Patients may lose 
the ability to make facial expressions as the skin tightens 
and hardens in place. Patients may be left in an expres-
sionless state.

The skin overlying the sclerosis develops hyperpig-
mentation and hypopigmentation; this has been given 
the name “salt-and-pepper discoloration.” The capil-
lary loops around the nail folds become enlarged and 
engorged and are visible without magnification. These 
dilated capillary loops occur in up to three quarters of 
all patients with progressive systemic sclerosis.

Sclerodactyly is the term given to the progressive 
thickness and associated tightness of the digits. It is 
caused by the overabundance of collagen production 
within the dermis.

Progressive systemic sclerosis is a multisystem dis-
order that not only affects the skin but also causes 
significant, life-threatening damage to internal organs. 
The esophagus is affected early, and patients complain 
of dysphagia and an inability to swallow food easily. 
Aspiration of food and liquids is common and often 
leads to aspiration pneumonia. Pulmonary fibrosis is 
a leading cause of morbidity and mortality. Patients 
complain of shortness of breath and a cough. Pulmo-
nary hypertension is almost universally seen. Conduc-
tion defects can develop in the cardiovascular system, 
and thickening of the myocardial wall may cause a 
constrictive cardiomyopathy. The kidneys are also 
involved, and a subset of patients develop renal failure 
and hypertension.

Pathogenesis: The initiating factor that causes the 
fibroblast to make ever-increasing amounts of collagen 
in an unregulated manner is unknown. Many possible 
targets are being explored as potential causes of  
progressive systemic sclerosis, including fibroblasts, 
endothelial cells, various environmental antigens, and 
internal defects within T cells.

Histology: The histological findings in the skin are 
characteristic. Punch biopsy specimens are very square 

Treatment: Treatment for this skin disease is diffi-
cult. Pruritus can be controlled with antihistamines and 
topical corticosteroids. Ultraviolet phototherapy has 
been used. The deeper-penetrating ultraviolet A (UVA) 
rays work best. This is often administered in the form 
of psoralen + UVA (PUVA) therapy. Systemic cortico-
steroids and nonsteroidal immunosuppressant therapy 
are the main treatment strategies for this disease. Pro-
gressive systemic sclerosis requires a multidisciplinary 
approach to achieve the best therapeutic results.

Grossly sectioned lung. Extensive
fibrosis and multitudinous small
cysts. Visceral pleura thickened
but not adherent to chest wall

Microscopic
section of lung. 
Fibrosis with
formation of
microcysts,
many of which
represent dilated
bronchioles.

Esophagus, kidneys, heart, skin, and other 
organs, as well as joints, may also be affected.

Characteristics. Thickening, tightening, and rigidity 
of facial skin, with small, constricted mouth and 
narrow lips, in atrophic phase of scleroderma

Sclerodactyly. Fingers partially fixed in semiflexed
position; terminal phalanges atrophied; fingertips
pointed and ulcerated

Typical skin
changes in
scleroderma:
extensive
collagen
deposition
and some
epidermal
atrophy
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Treatment: Most cases of infantile seborrheic derma-
titis can be ignored or treated with nothing more than 
daily baths and a bland emollient. More involved cases 
can be treated with more frequent shampooing of the 
scalp and the use of a mild topical corticosteroid. The 
use of ketoconazole cream has also been advocated in 
some cases.

Because of its chronic nature, adult seborrheic der-
matitis is treated with topical ketoconazole as a first-line 

SEBORRHEIC DERMATITIS

Seborrheic dermatitis is a commonly encountered rash 
with a bimodal age distribution. There is an infantile 
and an adult form. The two forms do not resemble each 
other clinically and are distinct in appearance. The 
infantile form has also been named “cradle cap” because 
of its prominent location on the scalp. The adult form 
has been found in association with many underlying 
conditions, although it is most commonly seen as an 
isolated skin finding.

Clinical Findings: The infantile form of seborrheic 
dermatitis manifests in the first weeks of life and lasts a 
few months at most. It affects males and females equally, 
and there is no racial predilection. The most usual loca-
tion of involvement is the scalp. Most cases are mild 
and do not cause the parents to seek the advice of a 
medical professional. These mild cases manifest with a 
fine scale that may be slightly greasy or adherent. The 
child is unaware of the dermatosis, and it resolves spon-
taneously. Rarely, an infant develops greasy yellow, 
scaly patches and even plaques across the entire scalp 
(cradle cap). The dermatitis may become more inflamed, 
and weeping from the patches or plaques may ensue. 
The infant may try to scratch at the areas, indicating 
that pruritus is present. In these severe cases, weeping 
patches and plaques may also be seen in the groin and 
axillary folds. Only in the most exceptional of cases does 
the rash disseminate, but it has the ability to affect any 
region of the body.

The adult version is chronic in nature and affects a 
higher percentage of people than does the infantile form. 
Because of its chronicity, patients often seek medical 
advice. There is also quite a bit of clinical variability in 
adult seborrheic dermatitis. The face is the most com-
monly involved site, with a predilection for the nasola-
bial fold, eyebrows, ears, and scalp. It has a strikingly 
similarity to patches in other locations on the skin. Most 
cases are mild and consist of greasy yellow to slightly red, 
scaly patches. The scalp involvement is similar in appear-
ance. Seborrheic dermatitis has a propensity to affect the 
areas of the skin that have a high density of sebaceous 
glands. On occasion, patients have not only facial 
involvement but signs of involvement on areas of the 
upper chest and back.

Many conditions have been associated with the adult 
form of seborrheic dermatitis, including Parkinson’s 
disease and other chronic neurological disorders. Adult 
onset of severe seborrheic dermatitis has been reported 
to occur with a higher incidence in patients with under-
lying human immunodeficiency virus (HIV) infection. 
HIV-associated seborrheic dermatitis tends to be wide-
spread, with severe facial involvement. Patients who 
present with severe seborrheic dermatitis should be 
assessed for HIV risk factors.

Pathogenesis: The exact pathogenesis is unknown. 
Seborrheic dermatitis is believed to be caused by an 
interaction of various components of the skin, includ-
ing the production of sebum, with the normal skin 
immune system response to the fungus, Malassezia 
furfur. The role that each of these factors plays in the 
formation of seborrheic dermatitis is not completely 
understood.

Histology: Seborrheic dermatitis is almost never 
biopsied to confirm the diagnosis. Classic biopsy speÂ�
cimens show parakeratosis overlying a slightly spongi-
otic epidermis with a mild lymphocytic perivascular 
infiltrate in the dermis. Spores of fungus can be seen 
lying on the surface of the epidermis.

therapy. The other azole antifungal agents are just as 
effective. The addition of a weak topical corticosteroid 
used intermittently can also lead to excellent results. 
The scalp is most commonly treated with a ketoconazole-
based shampoo or a tar- or selenium-based shampoo. 
There is no cure for seborrheic dermatitis, but most 
therapeutic regimens, if adhered to, lead to an excellent 
clinical response.

In infants, seborrheic dermatitis
is is referred to as “cradle cap”
because of the development
of greasy crusted patches on the
scalp.This common finding 
in infancy typically improves
spontaneously over time.

Severe seborrheic dermatitis may be associated
with human immunodeficiency virus (HIV)
infection.

Seborrheic dermatitis in adults frequently 
manifests with greasy yellow, scaly patches
in the scalp, ears, and eyebrows and along 
the nasolabial fold.
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draining papules and nodules. A peculiar variant has 
been described to occur along the inguinal creases. It 
appears as fissures or ulcerations that can penetrate 
deeply into the dermis and even the subcutaneous fat 
tissue. It has been described as slit-like or knife-like 
linear ulcerations. Isolated genital swelling is another 
unusual presentation of metastatic Crohn’s disease. 
Metastatic Crohn’s disease has been described in many 
other cutaneous locations. This form of cutaneous 
disease can be difficult to treat.

SKIN MANIFESTATIONS OF 
INFLAMMATORY BOWEL DISEASE

Crohn’s disease and ulcerative colitis are two common 
autoimmune gastrointestinal disorders with many cuta-
neous findings. Most patients do not have the cutaneous 
findings, but a small proportion of the population with 
inflammatory bowel disease develop one of the cutane-
ous manifestations, which include pyoderma gangreno-
sum, aphthous ulcerations, oral candidiasis, erythema 
nodosum, metastatic Crohn’s disease, iritis, and con-
junctivitis. Arthritis, although not a skin manifestation, 
can produce red, tender swelling around an afflicted 
joint space.

Clinical Findings: Ulcerative colitis and Crohn’s 
disease are more commonly seen in the Caucasian pop-
ulation. Crohn’s disease is slightly more common in 
women, and ulcerative colitis affects men and women 
equally. Up to 20% of individuals with inflammatory 
bowel disease have a family history of the condition. 
Ulcerative colitis affects the large intestine, whereas 
Crohn’s disease has been shown to affect any part of the 
gastrointestinal tract.

Skin manifestations occur in 5% to 10% of those 
affected by inflammatory bowel disease. The most 
common skin finding is erythema nodosum. Erythema 
nodosum manifests as tender dermal nodules predomi-
nantly on the shin region. They typically are symmetric 
in location. There are many associations with erythema 
nodosum in addition to inflammatory bowel disease, 
including pregnancy, use of birth control medications, 
sarcoidosis, deep fungal infections such as coccidiomy-
cosis, and an idiopathic form. The etiology and patho-
genesis are unknown. Erythema nodosum can occur in 
areas other than the pretibial region, but this is 
uncommon.

Pyoderma gangrenosum is one of the most severe 
skin manifestations of inflammatory bowel disease. It 
can manifest as a small, red papule or pustule that can 
rapidly expand to form a large ulceration with a viola-
ceous undermined rim. The ulcer may form in a crib-
riform pattern. The skin involved develops small 
cribriform ulcerations centrally that expand outward 
and coalesce into one large ulcer. These ulcers are 
extremely tender and cause significant morbidity. Pyo-
derma gangrenosum can also be seen as an idiopathic 
finding or in association with an underlying malig-
nancy, typically in the lymphoproliferative group of 
malignancies. It has been estimated that approximately 
1% of patients with inflammatory bowel disease will 
develop pyoderma gangrenosum.

Aphthous ulcers can occur anywhere within the oral 
mucosa. They are shallow ulcerations with a white 
fibrinous base. They are quite tender and can cause 
patients to avoid eating because of the severe discomfort. 
Oral candidiasis is typically an iatrogenic manifestation 
of inflammatory bowel disease. Most patients are  
prescribed systemic steroids to treat their underlying 
disease, and this predisposes them to the development 
of Candida infections, both oral and vaginal.

Arthritis is seen in approximately 10% of patients 
with inflammatory bowel disease and is considered to 
be in the seronegative classification of inflammatory 
arthropathies.

Metastatic Crohn’s disease is unique to Crohn’s. It 
represents the spread of the granulomatous disease onto 
the skin. It most commonly occurs in areas with close 
approximation to the gastrointestinal tract, such as the 
perianal and perioral regions. It manifests as tender, 

Other rare skin findings that have been seen in asso-
ciation with inflammatory bowel disease are skin fistu-
las, vasculitis including polyarteritis nodosa, urticaria, 
Sweet’s syndrome, epidermolysis bullosa acquisita, and 
psoriasis.

Pathogenesis: The pathogenesis of these cutaneous 
manifestations of inflammatory bowel disease is unÂ�
known. They are theorized to be caused by an autoim-
mune mechanism of defective cell-mediated immunity. 
Metastatic Crohn’s disease is believed to be caused 

Aphthous
ulcers
(occur on
buccal mucosa,
tongue, and
palate)

Iritis (may precede intestinal symptoms)

Pyoderma gangrenosum
(occurs in <1% 
of patients with
inflammatory
bowel disease)

Erythema nodosum (occurs
in <5% of patients with
inflammatory bowel disease)

Oral candidiasis (secondary to
chronic illness and use of antibiotics)

Arthritis (occurs in <10% of patients
with inflammatory bowel disease)

MUCOCUTANEOUS MANIFESTATIONS OF INFLAMMATORY BOWEL DISEASE

Sweet’s syndrome
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External fistula (via appendectomy incision)

Erythema nodosum manifesting
as tender dermal nodules

Crohn’s disease

Perianal fistulae and/or abscesses

Older lesion of pyoderma gangrenosum 
with granulation tissue present. The
rolled borders are not as prominent as
in acute lesions.  

Cribiform ulceration with a purple
surrounding border is characteristic
of pyoderma grangrenosum.

CUTANEOUS MANIFESTATIONS OF INFLAMMATORY BOWEL DISEASE

when the inflammatory bowel disease reÂ�cognizes the 
skin as gut tissue and develops the same granulomatous 
process within the cutaneous structures.

Histology: Pyoderma gangrenosum shows nonÂ�
specific ulceration when biopsied. The findings are 
nondiagnostic, and the diagnosis is one of exclusion. 
The presence of multiple neutrophils leads one to look 
for cutaneous infection, and appropriate tissue cultures 
should be performed and found negative before a diag-
nosis of pyoderma gangrenosum is made. The appear-
ance of pyoderma gangrenosum histologically is highly 
dependent on the time and type of lesion biopsied. 
Early lesions show a follicle-centered neutrophilic 
infiltrate with a dermal abscess. As the lesions prog-
ress, ulceration is seen with a predominant neutro-
philic infiltrate. The ulcers are often very deep and 
enter the subcutaneous tissue. Changes of vasculitis 
can often be seen, but they are believed to be caused 
by the overlying ulceration; the vasculitis is not 
thought to be the predominant pathological process.

Biopsy specimens of erythema nodosum shows a 
septal panniculitis. The fibrous septa are inflamed with 
a mixed inflammatory infiltrate with heavy lymphocyte 
predominance. Giant cells are frequently seen within 
the widened septal tissue. A unique finding is that of 
Miescher’s radial granuloma formation, in which mul-
tiple histiocytes are arranged flanking a small area. 
They are organized circumferentially around a central 
slit-like space. The reason for this finding is unknown. 
Erythema nodosum is the most common form of septal 
panniculitis.

Aphthous ulcerations, if biopsied, show small ulcer-
ations or erosions of the mucosa. The predominant cell 
type found within the infiltrate is the neutrophil. These 
findings are nonspecific.

Oral candidiasis should be diagnosed without a skin 
biopsy. A scraping of the white oral plaques shows an 
easily removed, whitish, sticky tissue. A microscopic 
examination shows candidal elements. Examination of 
the biopsy specimen shows the candidal organisms on 
the surface of the mucosa, with an underlying mixed 
inflammatory infiltrate.

Metastatic Crohn’s disease is a unique phenomenon. 
It is histologically described as noncaseating granulo-
mas. These granulomas are identical to the bowel 
granulomas. The skin granulomas are centered in the 
dermis but can be seen around blood vessels and into 
the adipose tissue.

Treatment: Therapy is aimed at controlling the 
underlying bowel disease. If it is well controlled, the 
skin manifestations typically follow in line. Conversely, 
if the bowel disease is poorly controlled, one can expect 
the skin disease to be poorly controlled as well. It is 
useful to use the skin manifestations as a sign of active 
bowel disease. If a patient who has been in a long remis-
sion suddenly develops pyoderma gangrenosum, it is 
highly plausible that the bowel disease has become 
active once more. Ulcerative colitis can be cured by 
colectomy. Crohn’s disease cannot be cured by colec-
tomy because it affects the entire gastrointestinal tract. 
Oral or intravenous immunosuppressive medications 
are used to treat both these conditions. Oral predni-
sone, sulfasalazine, azathioprine, methotrexate, myco-
phenolate mofetil, and intravenous infliximab have 
shown excellent results in patients with these chronic 
diseases. They also have the added benefit of helping 

the skin disease. Cyclosporine and prednisone have 
shown excellent results in treating pyoderma gangreno-
sum. Intralesional triamcinolone can be attempted on 
small, early lesions of pyoderma gangrenosum.

Oral aphthous ulcers can be treated with topically 
applied steroid gels or ointments compounded in dental 
paste formula to increase adherence to the mucosa. 
Topical anesthetics are commonly used.

Erythema nodosum can be treated with compres-
sion stockings, topical potent steroids, and oral ste-
roids in severe cases. Intralesional injection of 
triamcinolone is also effective. Metastatic Crohn’s 
disease is difficult to treat and requires systemic 
immunosuppressive agents such as azathioprine, pred-
nisone, or infliximab. It is best treated by a multi-
disciplinary approach.

SKIN MANIFESTATIONS OF 
INFLAMMATORY BOWEL DISEASE 
(Continued)
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made clinically. Histological examination shows an 
increase in small vessels, extravasation of red blood 
cells, and hemosiderin deposition in the dermis. The 
epidermis shows varying amounts of spongiotic 
dermatitis.

Treatment: The rash can be treated symptomatically 
with topical corticosteroids and emollients. The main 
goal of therapy is to restore the proper venous flow. 

STASIS DERMATITIS

Stasis dermatitis is a common chronic dermatosis that 
is seen almost exclusively on the lower extremities. The 
inflammation can lead to chronic discoloration, ulcer-
ation, and infection. Underlying systemic disease such 
as congestive heart failure and renal failure can predis-
pose to stasis dermatitis. Any condition that can cause 
edema of the lower extremities has the potential to 
cause stasis dermatitis.

Clinical Findings: Stasis dermatitis is a chronic 
inflammatory skin disease that indicates underlying 
insufficiency of the venous return system. It is most 
commonly seen in the older population, and there is no 
gender or racial predilection. Most often, congestive 
heart failure is the associated disease causing the edema. 
Many other conditions of venous insufficiency can also 
be causative, including varicose veins and postsurgical 
complications, such as after a saphenous vein harvest 
for coronary artery bypass surgery or an inguinal lymph 
node dissection.

Stasis dermatitis is a skin manifestation of a wide 
range of underlying venous diseases. The lower 
extremities account for more than 99% of cases of 
stasis dermatitis, and the diagnosis in other areas of the 
body should be questioned. The legs tend to have a 
range of edema, from the very mild amount that accu-
mulates at the end of a long day of standing to severe 
chronic edema that is always present. Red-brown 
patches, some with a light yellow discoloration, typi-
cally begin around the medial malleolus. As the condi-
tion progresses, the patches begin to spread and can 
encompass the entire lower extremity, although much 
more commonly they are found at knee level or just 
below knee level. There can be complete confluence of 
the dermatitis around the affected limb, or it can affect 
only part of the leg.

The rash is almost always symmetric, and it is  
not uncommonly misdiagnosed as bilateral lower 
extremity cellulitis. The rash is typically pruritic, and 
the itching can be so severe as to cause excoriations and 
small ulcerations. Depending on the severity, weeping 
vesicular patches and plaques can form. A rare bulla can 
also be seen in some cases, and one must consider 
bullous pemphigoid in the differential diagnosis. Vari-
cose veins are often present on examination, or there 
may be a history of bypass surgery. If left untreated, 
venous stasis can lead to venous ulcerations, which have 
been described as slightly painful ulcerations on the 
lateral malleolus. The ulcerations can occur anywhere 
on the leg and in some cases are very tender. Peripheral 
pulses are intact, and this physical examination finding 
helps to rule out arterial insufficiency. If the ulcerations 
and edema are not controlled, the ulcerations will con-
tinue to expand and can become secondarily infected; 
if they become deep enough, they can lead to underly-
ing osteomyelitis or cellulitis. These neglected cases 
can end in loss of the affected portion of the limb if 
medical therapies do not successfully clear the infection 
and ulcerations.

Pathogenesis: Increased pressure within the venous 
system of the lower extremity causes extravasation of 
serum and blood into the surrounding dermis and sub-
cutaneous tissue. As the edema in the lower extremity 
worsens, the skin begins to develop signs of chronic 
inflammation mediated by the abnormal location  
of fluid.

Histology: Biopsies are not routinely performed in 
stasis dermatitis, and the diagnosis is almost always 

Depending on the underlying reason for the stasis der-
matitis, this may or may not be possible. If it is not 
possible, the mainstay of therapy is the use of compres-
sion stockings or wraps. However, the compliance rate 
is low because of difficulty putting them on and discom-
fort. Those patients who are able to use the compres-
sion gear and topical corticosteroids usually have a good 
prognosis.

Stasis dermatitis of the lower extremity appearing
as a hyperpigmented brown-red patch

Compression dressings or stockings are one of the best
ways to keep fluid from accumulating in the lower
extremities. Leg elevation is a mainstay of therapy.

Venous stasis ulcerations are one complication
from long-standing or severe stasis dermatitis.

Ulcer
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Many medications have been shown to cause mast 
cell degranulation without an IgE-mediated pathway. 
The most common of these are the opiates and anes-
thetic agents. Chemical transmitters other than hista-
mine also play a role in urticaria; they include the 
leukotrienes, serotonin, and various kinins.

Histology: The histological findings in urticaria are 
bland. The specimen typically shows a superficial peri-
vascular lymphocytic infiltrate with some dermal 
edema. The epidermis is normal.

URTICARIA

Urticaria is a commonly encountered skin condition 
with a multitude of causes. There are primary and sec-
ondary forms of urticaria. Most secondary causes are 
acute in nature and can be explained by an underlying 
disease state, medication, or food. Urticaria can be a 
manifestation of many disease states, such as Muckle-
Wells syndrome. Urticaria can also be a secondary 
sequela of an underlying malignancy, acute or chronic 
infection, genetic disease, and rheumatologic disease. It 
can also be seen as an acute reaction in a patient with 
anaphylaxis.

Primary urticaria can be divided into subsets of 
disease. The most common type is chronic idiopathic 
urticaria. Other forms of primary urticaria include the 
physical urticarias. There are many forms of physical 
urticaria, and the astute clinician can perform provoca-
tive testing to determine the type. There is no known 
cure for urticaria, but most cases of primary urticaria 
spontaneously resolve within 2 to 3 years.

Clinical Findings: Primary idiopathic urticaria is one 
of the most frequently encountered forms of urticaria. 
If no underlying cause is found and the urticaria lasts 
longer than 6 weeks, it is given the designation chronic 
idiopathic urticaria. This form of urticaria comes and 
goes at will with no provocative or remitting factors. 
Lesions appear as evanescent, pink to red, edematous 
plaques or hives. They can occur anywhere on the body 
and can cause much distress to the patient because of 
their appearance and because of the severe pruritus. 
Patients are particularly distressed when the hives affect 
the face and eyelids, causing periorbital and periocular 
swelling. Patients with chronic urticaria usually undergo 
a battery of laboratory and allergy tests. A complete 
blood count, metabolic panel, chest radiograph, and 
measurements of thyroid-stimulating hormone and 
antithyroid should be performed, as well as testing for 
various infectious diseases if the medical history war-
rants. Testing for hepatitis B, hepatitis C, and HIV 
infection can be done in the appropriate clinical setting. 
Patients with a travel history often undergo stool exam-
inations for ova and parasites. A full physical examina-
tion is warranted, together with age-appropriate cancer 
screening. Most patients with chronic urticaria have no 
appreciable cause for their hives and are diagnosed as 
having chronic idiopathic urticaria.

The physical urticarias are a group of conditions that 
cause hives; they represent a unique form of chronic 
idiopathic urticaria in that there is a precipitating factor. 
There are many types of physical urticaria, including 
aquagenic and cholinergic forms and cold-, pressure-, 
solar-, and vibratory-induced urticaria. These forms are 
diagnosed based on the results of provocative testing. 
The clinical history often leads to the diagnosis and the 
appropriate testing regimen. As an example, a patient 
may develop hives only under tight-fitting socks. This 
is typical for pressure-induced urticaria. If the patient 
develops hives on appropriate provocative testing, the 
diagnosis is made.

Pathogenesis: The pathogenesis of urticaria is poorly 
understood. Mast cells play a critical role. A stimulus 
causes mast cells to release histamine, which acts on the 
local vasculature to increase vascular permeability. The 
increased permeability causes localized swelling. Some 
forms of urticaria, such as those seen in anaphylaxis, are 
caused by a type I hypersensitivity reaction. Other 
forms of secondary urticaria may be caused by specific 
immunoglobulin E (IgE) antibodies that interact with 
mast cells.

Treatment: Treatment of chronic idiopathic urticaria 
is based on symptom relief. Antihistamines are the first-
line therapy and can be used in combination. The lack 
of response can be frustrating for both patient and phy-
sician. Physical urticarias are treated in the same 
manner, with emphasis on avoidance. Patients who can 
avoid exposure to the physical stimulus responsible for 
the urticaria have been shown to have a better clinical 
outcome.

Solar Urticaria:  Note the areas affected are 
those only  exposed to the sun in this sleeve-
less shirt wearing man.

Annular and serpiginous 
urticaria: This is a less 
commonly seen variant of 
urticaria.

Cholinergic urticaria: This 
form of urticaria can be 
induced by increasing the body 
temperature through exercise 
or submersion in a warm bath. 

Urticaria: Pink edematous 
plaques with follicular 
accentuation caused by the 
dermal edema.
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immunomodulators such as tacrolimus and pimecroli-
mus have been used. Phototherapy with narrow- 
band ultraviolet B light (UVB) and with psoralen + 
ultraviolet A light (PUVA) has been used successfully. 
The risk of burning is very high in the affected regions, 
and care should be used when starting this treatment. 
Small areas have been treated successfully with surgical 
techniques involving autotransplantation of skin from 
unaffected regions. If the therapy works, melanocyte 
rejuvenation typically occurs in a speckled pattern 

VITILIGO

Vitiligo is a common acquired skin disease with multi-
ple clinical variants. Vitiligo occurs because of loss of 
function or complete loss of melanocytes within the 
epidermis and follicular epithelium. There are many 
theories as to its development, but it is believed to be 
an autoimmune skin disease. Vitiligo may be seen in 
association with other autoimmune conditions. Patients 
afflicted with vitiligo can be psychologically affected by 
the disease.

Clinical Findings: Approximately 1% of the popula-
tion is affected by vitiligo. It has been reported to occur 
at any age, but it is most common in the teenage years 
and the early twenties. There is no sex or racial predilec-
tion. A small percentage of cases are familial in nature. 
The exact inheritance pattern and the reason for this 
configuration are unknown. Many clinical variants of 
vitiligo exist. All forms have varying degrees of involve-
ment of the skin. When melanin is no longer produced, 
patients are left with depigmented macules. These 
macules appear as stark white areas of skin, which can 
be a few millimeters to many centimeters in diameter. 
The areas of involvement have a well-defined border 
region. Hair within the areas of depigmented skin may 
also be depigmented. With time, the loss of pigment in 
the hair becomes more prominent. Hair depigmenta-
tion within the regions of vitiligo is not universal, and 
normal-appearing pigmented hair may grow within 
such an area. Most commonly, no inflammation is seen, 
and the areas are completely asymptomatic in nature.

Patients with Fitzpatrick type I skin are less obviously 
affected than those with Fitzpatrick type VI skin. The 
areas of vitiligo will not tan after sun exposure. Sun 
exposure typically makes the difference between 
affected and nonaffected skin more noticeable, because 
it increases melanin production in the unaffected skin, 
resulting in a darkening or tanning of the skin around 
the vitiliginous region. The areas of vitiligo are prone 
to easy burning and must be protected.

Various clinical variants or classifications of vitiligo 
exist, including localized, generalized, linear, trichrome, 
and blaschkoid variants. The generalized form can 
cause near-universal involvement of the skin, with a 
only few tiny islands of normal-appearing skin remain-
ing within the areas of vitiliginous skin. Linear areas of 
involvement are rare and typically affect a limb. Blasch-
koid vitiligo follows the embryological Blaschko lines.

Histology: There is no inflammation, and hematoxy-
lin and eosin staining of the biopsy specimen may 
appear normal unless compared with a biopsy specimen 
from unaffected skin. When this is done, the lack of 
melanin production and melanocytes is appreciated. 
Special staining to accentuate melanocytes can make 
them much more visible.

Pathogenesis: The exact cause of vitiligo has yet to 
be determined. The leading theory on its development 
is the autoimmune theory. An unknown trigger causes 
the immune system to begin destroying melanocytes. 
The immune system recognizes melanocytes as 
somehow abnormal and causes their destruction. The 
autoimmune theory also may explain why vitiligo is 
seen clustered with diabetes, thyroid disease, and other 
autoimmune conditions.

Treatment: Patients with vitiligo should be screened 
for underlying autoimmune conditions such as diabe-
tes and thyroid disease. The treatment of these conÂ�
ditions has not been shown to help the vitiligo. No 
therapy is needed. For those patients who seek treat-
ment, many therapies are available, mostly on an anec-
dotal basis. Potent topical corticosteroids and topical 

Vitiligo affecting
both skin and hair

Localized burning within the areas
of vitiligo secondary to phototherapy
is a potential side effect

Various clinical presentations of vitiligo

Symmetric
vitiligo

centered on the hair follicles. The hair follicle is 
believed to be a reservoir of melanocytes for repopula-
tion of areas that are devoid of their normal comple-
ment of melanocytes.

Rarely, complete depigmentation is undertaken, for 
those who are so severely affected that only a few islands 
of normal-appearing skin remain, to allow for a uniform 
skin tone. Monobenzylether of hydroquinone is used to 
eliminate any remaining melanocytes and depigment 
the skin.
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composed of the transversing parts of the integrin and 
BP180 proteins. These two molecules attach to the 
laminin class of proteins in the lamina densa. The 
lamina lucida is considered to be the weakest part of the 
BMZ, and it is the blister plane in suction blisters, 
junctional epidermolysis bullosa, and salt-split skin. 
The lamina densa is composed of a latticework of type 
IV collagen. Type IV collagen is found only in the 

BASEMENT MEMBRANE ZONE, 
HEMIDESMOSOME, AND 
DESMOSOME

BASEMENT MEMBRANE ZONE

The basement membrane zone (BMZ) of the epidermis 
is a beautiful and complex structure and a marvel of 
biological engineering. The zone acts to attach the over-
lying epidermis to the underlying stromal tissue, in this 
case the papillary dermis, which is made predominantly 
of collagen bundles. A plethora of unique and special-
ized proteins play critical roles in the proper functioning 
of the BMZ. Any defect or abnormal antibody that can 
cause disruption of the normal architecture can result 
in fracturing of the BMZ and blister formation.

The BMZ can be appreciated on routine hematoxylin 
and eosin (H&E) staining as an eosinophilic band below 
the basilar keratinocytes. The components of the BMZ 
are produced in two locations: the epidermal keratino-
cyte and the dermal fibroblast. These cells act to 
produce the required proteins in the correct ratio to 
maintain a functional basement membrane. The base-
ment membrane’s most important function is to keep 
the epidermis firmly attached to the underlying dermis. 
This is necessary for life. This specialized structure also 
acts to encourage migration of cells and repair of the 
epidermal-dermal barrier after trauma. Many other 
critical processes and physiological roles depend on the 
proper functioning of the BMZ, including permeability 
of water and other chemical substrates, proteins, and 
cellular elements. The BMZ is a highly organized struc-
ture that is consistent from person to person.

The structure of the BMZ can be subdivided into 
individual compartments for study, with the under-
standing that the entire unit functions as one. These are 
the epidermal basilar cell cytoskeleton, hemidesmo-
some, lamina lucida, lamina densa, and sublamina papil-
lary dermis. Each of these components is made up of 
unique proteins that act in harmony to preserve the 
functional role of the BMZ. The basilar keratinocytes 
contain intracellular cytoskeleton components made of 
keratin intermediate filaments, predominantly keratin 5 
and keratin 14. The keratin intermediate filaments are 
interwoven into the hemidesmosomal plaque to firmly 
adhere the basilar cell to the hemidesmosome.

The keratin intermediate filaments interact with 
bullous pemphigoid antigen 1 (BP230) and plectin. 
These two proteins are the main components of the 
hemidesmosomal plaque. Plectin and BP230 are bound 
tightly together. Plectin and bullous pemphigoid anti-
body 1 also bind to the integrin class of proteins and to 
bullous pemphigoid antigen 2 (BP180). Integrins and 
BP180 are transcellular proteins that bind to the intra-
cellular molecules, plectin and BP230; they also extend 
out from the basilar keratinocyte and interact with the 
laminin 5 and collagen IV molecules in the lamina 
lucida and lamina densa.

The lamina lucida is so named because of its trans-
lucent appearance on electron microscopy. In compari-
son, the lamina densa is an electron-dense region that 
lies just below the lamina lucida. The lamina lucida is 
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lamina densa. It is unique in that it retains its globular 
regions on either end. These form attachments to other 
type IV collagen molecules to create the lattice. Col-
lagen type IV binds strongly to a dumbbell-shaped 
protein named nidogen. This nidogen protein is critical 
in attaching to the laminin proteins in the lamina densa. 
Nidogen locks the type IV collagen to the laminins, 
which are bound to the overlying integrin and BP180.
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A desmocollin protein from one keratinocyte interacts 
with a desmoglein protein from the adjacent keratino-
cyte in a one-to-one ratio. There is more than one type 
of desmogleins and desmocollins, but they all interact 
similarly. Some of the subtypes are expressed at slightly 
different rates in various locations such as mucous 
membranes and the different levels of the epidermis. 
Each desmoglein or desmocollin molecule is anchored 
within the keratinocyte to plakoglobin, which in turn is 

The laminin proteins appear as inverted crosses and 
serve to attach the aforementioned proteins to the pap-
illary dermis that underlies the lamina densa by inter-
acting with type VII collagen. Type VII collagen, which 
is made up of three identical alpha chains, is also known 
as the anchoring fibril. These fibrils interweave among 
the type I and type II collagens of the papillary dermis 
and attach either end to the laminin proteins in  
the lamina densa, thus firmly anchoring the entire over-
lying epidermis and BMZ to the papillary dermal 
collagen.

Many blistering diseases are caused by genetic abnor-
malities in the BMZ proteins; these are classified as the 
epidermolysis bullosa group of blistering diseases. Each 
of these diseases is unique due to different protein 
defects that lead to the various phenotypes. Autoim-
mune blistering diseases of the pemphigoid class target 
the BMZ and its components, including the hemides-
mosome. Autoimmune diseases in the pemphigus class 
of diseases target the desmosome.

HEMIDESMOSOME

The hemidesmosome is one of the main components 
of the BMZ. Its purpose is to attach the basilar layer 
keratinocytes to the underlying stroma—that is, the 
papillary dermis. The hemidesmosome is made up of 
many unique and highly integrated groups of protein-
to-protein connections. The main proteins in the 
hemidesmosomal plaque are the bullous pemphigoid 
antigens BP180 and BP230, integrin, plectin, and 
laminin. Their interactions and how they connect the 
keratinocyte cytoskeleton to the underlying collagen 
have already been described. Antibodies directed 
against the components of the hemidesmosome can be 
seen in the pemphigoid group of disease states.

DESMOSOME

The desmosome provides the major connection 
between one keratinocyte and another. It is the most 
complex of the keratinocyte connection points, which 
also include tight junctions, adherens junctions, and gap 
junctions. Desmosomes are present on all keratinocytes 
from the stratum basalis through the stratum granulo-
sum. Once they reach the stratum corneum, the des-
mosomes start to degrade and break apart as the 
corneocytes are desquamated off the surface of the skin. 
The main purpose of desmosomes is to connect the 
actin cytoskeleton of one keratinocyte to that of the 
adjacent keratinocyte. They achieve this goal through 
a series of highly coordinated protein connections. The 
main proteins that allow for the connection between 
adjacent cells and the strength of the connection are the 
cadherin proteins, desmoglein and desmocollin. These 
are calcium-dependent adhesion molecules. Desmo-
glein and desmocollin are transmembrane proteins.  
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bound to a group of proteins named desmoplakins. 
The desmoplakin proteins ultimately connect with the 
intercellular actin cytoskeleton.

The pemphigus group of diseases are autoimmune 
blistering diseases caused by the formation of autoÂ�
antibodies against desmoglein and, in some cases, also 
against desmocollin. These autoantibodies interrupt 
the cell-to-cell adhesion process, resulting in superficial 
blistering of the skin and mucous membranes.

BASEMENT MEMBRANE ZONE, 
HEMIDESMOSOME, AND 
DESMOSOME (Continued)
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complement C3 localize to the basement membrane 
zone and appear as a linear band. The salt-split skin 
technique can also be used to differentiate the two dis-
eases. This is achieved by incubating skin in a 1M NaCl 
solution to split the skin through the lamina lucida. 
When immunofluorescence staining is used on salt-split 
skin, the immunoreactants localize to the blister roof in 
bullous pemphigoid and to the dermal base in EBA.

Treatment: The severity of bullous pemphigoid 
varies. Therapy needs to be tailored to the individual. 

BULLOUS PEMPHIGOID

Bullous pemphigoid is the most frequently encountered 
of all the autoimmune blistering diseases. It has a  
characteristic clinical course and appearance. The 
pathomechanism has been described in detail. The 
cause is the formation of autoantibodies directed against 
two hemidesmosomal proteins, bullous pemphigoid 
antigen 180 (BP180) and bullous pemphigoid antigen 
230 (BP230). These two proteins are critical for stabi-
lization of the hemidesmosomal plaque. If the hemides-
mosomal plaque is interrupted or destroyed, the end 
result is subepidermal blistering of the skin.

Clinical Findings: The hemidesmosomal plaque is 
the main anchoring system of the dermal-epidermal 
junction. It is a complex apparatus with a multitude of 
proteins that interact to bind the epidermis to the 
underlying dermis. If it is interrupted, the pemphigoid 
complex of diseases may occur. These conditions 
include bullous pemphigoid, herpes gestationis, and 
cicatricial pemphigoid. Of these, bullous pemphigoid is 
the disease state most frequently encountered. It most 
commonly occurs in the fifth to seventh decades of life, 
with no race or sex predilection.

Clinically, patients often have a prodrome of intensely 
pruritic patches and plaques on the trunk, particularly 
the abdomen. Soon thereafter, they begin to develop 
large, tense bullae. The bullae can range from 1â•¯cm to 
10â•¯cm in diameter, with an average of 2â•¯cm. The blis-
ters are tense to palpation and are not easily ruptured. 
If they do rupture, a fine, clear to slightly yellow serous 
fluid drains, and the underlying dermis is exposed. 
Reepithelialization is fairly rapid. Patients have con-
tinuous formation of new bullae, followed by healing 
and then repetition of the blistering pattern, until treat-
ment is obtained. Scarring is minimal unless secondary 
infection has occurred. Most patients with pemphigoid 
do not have oral involvement, in direct contrast to those 
with the pemphigus class of diseases.

Bullous pemphigoid can spontaneously remit and 
relapse over time. Most patients seek therapy and are 
treated with a host of agents. Patients typically respond 
well to therapy and overall have an excellent prognosis. 
Secondary infections and side effects from therapy can 
lead to morbidity and mortality. Laboratory testing 
reveals immunoglobulin G (IgG) antibodies against 
BP180 or BP230 or both.

Pathogenesis: Bullous pemphigoid is caused by IgG 
autoantibody production. The two autoantibodies pro-
duced attack the BP180 and BP230 proteins, which are 
integral components of the hemidesmosomal plaque. 
BP180 is a transmembrane protein, and BP230 is an 
intracellular protein that lies within the keratinocyte 
and binds to BP180 and keratin filaments. The reason 
for the development of these antibodies is unknown. 
Once they have formed, they attach to the hemidesmo-
somal proteins. This activates a plethora of pathogenic 
mechanisms that act to induce separation of the epider-
mis from the dermis. Critical in the pathogenesis is 
activation of the complement cascade by the IgG anti-
bodies. Complement activation may lead to further 
recruitment of inflammatory cells, which can be acti-
vated and thereafter release cytokines and enzymes that 
perpetuate the response.

Histology: Routine hematoxylin and eosin staining 
reveals a cell-poor subepidermal blister with scattered 
eosinophils. The histological differential diagnosis can 
be between bullous pemphigoid and epidermolysis 
bullosa acquisita (EBA). Immunofluorescence staining 
can be used to help differentiate the two. IgG and 

Autoantibody-mediated blisters:
location of cleavage plane

PF (Dsg 1)

BP, bullous pemphigoid;
Col VII, type VII collagen;
CP, cicatricial pemphigoid;
Dsg 1, desmoglein 1; Dsg 3,
desmoglein 3; EBA, 
epidermolysis bullosa
acquisita; HG, herpes
gestationalis; PF, pemphigus
foliaceous; PV, pemphigus
vulgaris; LABD, linear
immunoglobulin A
bullous dermatosis

PV (Dsg 3)

BP (BP180, BP230) 
CP, HG, LABD

EBA (Col VII), LABD

A generous shave biopsy,
sending the skin surrounding
the blister for immunofluorscence
staining, makes the diagnosis.

Tense bullae
of bullous
pemphigoid

Bullous pemphigoid. Subepidermal
blister cavity with multiple eosinophils

Many patients are older and have comorbidities that 
must be taken into account. Mild, localized disease can 
be treated with high-potency topical steroids. Severe 
disease is treated initially with oral steroids, and then 
the patient is transitioned to a steroid-sparing agent. 
The medications that have been routinely used include 
mycophenolate mofetil, azathioprine, and the combina-
tion of tetracycline and nicotinamide. Newer agents 
such as intravenous immunoglobulin (IVIG) have been 
used for severe refractory disease.
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immunofluorescent staining is present along the base-
ment membrane zone.

Pathogenesis: Autoantibody formation against pro-
teins of the basement membrane zone has been linked 
to cicatricial pemphigoid. Many different antibodies 
against these proteins exist, including antibodies against 
the laminins, bullous pemphigoid antigens 180 and 230, 
and many other proteins as yet unclassified. The het-
erogeneity in antibody production likely accounts for 
the varying clinical phenotypes that are expressed.

MUCOUS MEMBRANE PEMPHIGOID

Mucous membrane pemphigoid goes by other names, 
including cicatricial pemphigoid, Brunsting-Perry 
pemphigoid, ocular pemphigoid, and benign mucous 
membrane pemphigoid. The last name should not be 
used because this is a chronic progressive, disabling 
disease with severe morbidity and mortality. The term 
cicatricial inherently states that the disease is associated 
with scarring, but this is not always the case. Hence, 
one patient without scarring may be referred to as 
having ocular pemphigoid and another with scarring 
may be said to have cicatricial ocular pemphigoid. 
Almost all patients will have some form of scarring, 
albeit very mild in some cases, if monitored for a long 
enough period. In reality, these are names given to a 
heterogeneous group of autoimmune blistering diseases 
that express a unique phenotype and have been shown 
to have small variances in the basement membrane zone 
autoantibodies they produce.

Clinical Findings: Mucous membrane pemphigoid 
can be seen in any racial group and affects females more 
often than males, in a 2â•›:â•›1 ratio. It is a disease of older 
persons and is most commonly seen in the seventh and 
eighth decades of life. Mucous membrane pemphigoid 
is a severe, chronic autoimmune blistering disease with 
grave consequences. It is a major cause of morbidity and 
mortality, and therapy can be difficult. Up to one quarter 
of these patients have eye involvement, which can lead 
to decreased vision and blindness. Mucous membrane 
disease is typically the initial sign: Patients present with 
painful erosions in the nasal passages, oropharynx, geni-
talia, and pulmonary tree. Patients complain of pain and 
difficulty eating secondary to severe discomfort. Ero-
sions are the most common clinical findings, but vesicles 
and bullae may also be seen. Pulmonary and esophageal 
involvement may lead to strictures that result in diffi-
culty with breathing or eating. Weight loss typically 
ensues, as does malaise and fatigue.

The skin can also be affected, leading to blister for-
mation that heals with scarring and milia. If blisters 
develop on the scalp, they heal with a scarring alopecia. 
This form of the disease has been given the name 
Brunsting-Perry pemphigoid. This term is typically 
reserved for only those cases involving the scalp and 
skin that do not affect the mucous membranes.

Ocular pemphigoid is a chronic symmetric disease. 
The initial symptoms are inflamed conjunctiva, discom-
fort, pain, and increased tear production. Scarring soon 
develops and forms fibrous adhesions between the palpe-
bral and bulbar conjunctivae. This scarring is termed 
symblepharon. The scaring is progressive, and it may 
cause the eyeball to become frozen in place. Entropion is 
common, and as it progresses, the eyelashes turn inward 
(trichiasis) and are forced against the cornea, which 
causes severe pain, irritation, and corneal ulceration. 
Patients cannot entirely close their eyelids because of  
the severe scarring. The damaged cornea undergoes 
keratinization, leading to opacity of the cornea and 
blindness.

Histology: Subepidermal blistering that heals with 
scar formation is the hallmark of this disease. The blis-
tering takes place just below the keratinocyte, within  
in the lamina lucida. Immunohistochemical staining 
with collagen type IV shows that the blister plane is 
above the level of the lamina densa. The immunostain-
ing and routine hematoxylin and eosin staining show  
a picture very similar to that of bullous pemphigoid. 
Linear immunoglobulin G and complement C3 

Dermis

Epidermis

Ocular cicatricial pemphigoid. Scarring can become so severe as to cause vision loss. 
Symblepharon is commonly seen.

Subepidermal cleavage plane in
cicatricial and bullous pemphigoid

Treatment: Prednisone is the drug used to treat 
the disease initially. After the disease is under some 
control, the addition of a steroid-sparring immunoÂ�
suppressant should be attempted. Commonly used 
medications include azathioprine, methotrexate, myco-
phenolate mofetil, and cyclophosphamide. Dapsone 
and sulfapyridine, a similar medication that can be used 
in place of dapsone, have had some success treating this 
disease. Intravenous immunoglobulin (IVIG) has been 
used with success in refractory cases.
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the itching and blistering. This can be rapidly achieved 
with dapsone or sulfapyridine. The response to these 
two medications is remarkably quick, with most 
patients noticing near-resolution of their symptoms 
within 1 day. In cases of suspected dermatitis herpeti-
formis that has not been confirmed histologically, 
dapsone can be used as a therapeutic test: If the patient 
sees a rapid response after the first day of dapsone 
therapy, the diagnosis is most certainly dermatitis her-
petiformis. Dapsone or alternative medications can 

DERMATITIS HERPETIFORMIS

Dermatitis herpetiformis is a unique chronic blistering 
disease that can be seen in isolation or in conjunction 
with celiac sprue. Dermatitis herpetiformis is the cuta-
neous manifestation of underlying gluten sensitivity. 
Patients with a genetic predisposition seem to be at risk 
for development of immunoglobulin A (IgA) autoanti-
bodies that cross-react with gluten proteins and specific 
components of the skin and gastrointestinal tract. Der-
matitis herpetiformis is always associated with small-
bowel disease, and in some cases celiac sprue coexists. 
Patients with dermatitis herpetiformis are at increased 
risk for development of lymphoma of the gastrointesti-
nal tract, potentially caused by the chronic inflamma-
tion and stimulation of the gastrointestinal-associated 
lymphatic tissue. Following a gluten-free diet cures the 
disease in both the skin and gastrointestinal locations.

Clinical Findings: Dermatitis herpetiformis is most 
frequently seen in the fourth and fifth decades of life, 
with a higher prevalence in the female Caucasian popu-
lation. The reason for this preference may be that der-
matitis herpetiformis has associations with the human 
leukocyte antigen (HLA) DQ2 and DQ8 haplotypes. 
Dermatitis herpetiformis manifests as a symmetric 
vesicular eruption, which is often preceded by a burning 
sensation or pruritus. The extensor surfaces of the 
elbows, knees, and lower back, as well as the scalp, may 
be involved. The vesicles are fragile and break easily. 
Erosions and excoriations are frequently seen. Diarrhea 
can be a recurrent complaint, secondary to involvement 
of the small bowel. Patients frequently report a flare of 
the rash and abdominal pain and diarrhea after eating 
certain foods.

Laboratory testing is frequently performed. High 
levels of IgA anti–tissue transglutaminase (anti-tTG) 
antibody and antiendomysial antibodies (EMAs) are 
commonly found and are highly specific for dermatitis 
herpetiformis. In cases of suspected sprue, an upper 
endoscopy can be performed, with a biopsy of the small 
bowel to evaluate for the characteristic villous atrophy.

Pathogenesis: Dermatitis herpetiformis is an autoÂ�
immune blistering disease that is caused by the develop-
ment of specific antibodies, notably anti-tTG and  
EMAs. Tissue transglutaminase (tTG) is very similar to 
epidermal transglutaminase, and it is believed that the 
anti-tTG antibodies attack both proteins. This disrup-
tion of the epidermal transglutaminase is thought to be 
responsible for the blistering skin findings. Once the 
antibodies attach to the epidermal transglutaminase 
protein, the complement cascade and various cytotoxic 
cellular events are activated. The anti-EMA test is the 
most specific of the antibody tests for dermatitis 
herpetiformis.

Histology: Early lesions of dermatitis herpetiformis 
show subepidermal clefting with a neutrophil-rich infil-
trate in the papillary dermis. As the lesions progress, 
subepidermal blistering becomes prominent, and the 
papillary dermis is filled with neutrophils. The histo-
logical findings of dermatitis herpetiformis can be dif-
ficult to differentiate from those of linear IgA bullous 
dermatosis on routine hematoxylin and eosin staining. 
Direct immunofluorescence is required to differentiate 
the two diseases. The direct immunofluorescence stain-
ing pattern in dermatitis herpetiformis is that of a speck-
led arrangement of IgA within the papillary dermis. In 
linear IgA bullous disease, as the name implies, a linear 
pattern along the basement membrane zone is seen.

Treatment: The treatment of dermatitis herpetifor-
mis is twofold. The first aspect of therapy is to control 

Glossitis, aphthous stomatitis
(failure of absorption of
water-soluble B vitamins)

Osteoporosis, osteomalacia,
tendency to fractures
(hypocalcemia, vitamin D
deficiency)

Wasting (failure of absorption
of fats, carbohydrate, proteins)

Tetany (hypocalcemia)

Dermatitis herpetiformis
(fragile vesicles)

Abdominal distention (bulky
stools, potassium depletion)

Dehydration (diarrhea)

Ecchymoses (failure of
absorption of vitamin K)

Steatorrhea, diarrhea (intestinal
stimulation and irritation due
to bulk of unabsorbed fat and
to abnormal intestinal flora)

Edema (hypoproteinemia)

Infantile
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72-hour
stool fat

Tissue transglutaminase
and endomysial antibodies

Atrophy of jejunal mucosa
demonstrated by small
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Physical findings
CELIAC SPRUE AND DERMATITIS HERPETIFORMIS

Diagnostic evaluation

Neutrophilic infiltrate underlying a subepidermal blister

treat the blistering and pruritus, but they do not 
decrease the long-term risk of small-bowel lymphoma. 
The only means of decreasing and removing the risk 
of lymphoma is to have the patient adhere to a strict 
gluten-free diet. This requires nutritional education. If 
patients are able to entirely avoid gluten-containing 
products, not only will the rash resolve, but the gas-
trointestinal abnormalities will resolve, and the risk  
of lymphoma will return to that of the general 
population.
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Treatment: Therapy is difficult. Treatment of any 
underlying autoimmune disease or malignancy may 
help keep the blistering disease under control. Even 
with therapy, EBA tends to run a chronic waxing and 
waning course with frequent flares. Immunosuppressive 
agents have been used in EBA with varying success. 
Azathioprine, methotrexate, prednisone, intravenous 
immunoglobulin (IVIG), rituximab, mycophenolate 
mofetil, and cyclophosphamide have all been used. 

EPIDERMOLYSIS BULLOSA 
ACQUISITA

Epidermolysis bullosa acquisita (EBA) is a rare chronic 
autoimmune blistering disease that is caused by auto-
antibodies against type VII collagen. EBA has many 
features in common with the dominantly inherited 
form of the blistering disease, dystrophic epidermolysis 
bullosa (DEB). DEB is caused by a genetic defect in 
collagen VII that leads to a reduced amount or total 
lack of this type of collagen. Collagen VII serves as the 
anchoring fibrils that attach the epidermis via a series 
of protein connections to the dermis. Any defect in  
the production of collagen VII or abnormal destruction 
of this protein leads to blistering of the skin. EBA has 
been shown to be associated with a number of underly-
ing systemic diseases, including inflammatory bowel 
disease, leukemia, and other autoimmune diseases.

Clinical Findings: EBA is an extremely rare disease 
that affects 1 in 2,000,000 to 3,000,000 people. It is 
almost always seen in the adult population, with the 
peak incidence in the fifth decade of life. A small 
number of cases of children affected by EBA have been 
reported. There is no race or sex predilection. EBA 
manifests with blister formation or with fragile skin and 
erosions from slight trauma. This can have a similar 
clinical appearance to porphyria cutanea tarda (PCT). 
The blistering is most frequently located in regions that 
experience mechanical friction or trauma. The dorsal 
surfaces of the hands are almost always involved, and 
patients complain of skin fragility and blister formation 
after slight trauma. The blisters heal slowly with scar-
ring, and on close inspection, milia are found in the 
region of the healed blister. The mucous membranes 
are frequently involved, and oral disease can lead to 
weight loss. Other clinical variants of EBA have been 
described, and they typically mimic the clinical appear-
ance of other autoimmune blistering diseases. For this 
reason, the only method to correctly diagnosis any blis-
tering disease is by correlation of clinical and pathologi-
cal findings.

Pathogenesis: EBA is caused by the production of 
autoantibodies directed against type VII collagen. The 
noncollagenous portions of type VII collagen are the 
most antigenic sections. Type VII collagen is the main 
component of the anchoring fibrils found within the 
dermis. The antibodies that have been found are in the 
immunoglobulin G subclass. They activate comple-
ment, which results in inflammation and destruction of 
the anchoring fibrils, eventually leading to fractures 
within the dermal-epidermal junction and, ultimately, 
to blistering. The etiology of antibody formation is not 
fully understood.

Histology: Biopsy specimens of EBA show a cell-poor 
subepidermal blister. The amount of inflammation is 
often minimal, but in some subtypes of the disease a 
lymphocytic infiltrate can be appreciated. The histo-
logical differential diagnosis includes bullous pemphi-
goid, and only with immunostaining can one decisively 
make the correct diagnosis. With immunohistochemi-
cal staining for collagen IV, the main component of the 
lamina densa, the blistering can be localized to the 
plane above the lamina densa in bullous pemphigoid or 
below the lamina densa in EBA. The salt-split skin 
method has also been used to split skin through the 
lamina lucida by incubating the skin specimen in 1M 
NaCl. Immunofluorescence staining of the split skin 
shows staining below the split in EBA and above the 
split in bullous pemphigoid.

Dapsone and colchicine have had anecdotal reports of 
success as well.

Supportive care is critical. Protection of the skin 
from trauma can help decrease blister formation. Early 
detection of infection and intervention to treat super-
infection are critical. Even with all the current treat-
ment strategies that have been attempted for EBA, the 
disease tends not to go into remission and remains 
chronic in nature.
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various mechanisms, ultimately leading to disruption of 
the dermal-epidermal junction and blistering.

Treatment: The first line of therapy is dapsone. 
Patients respond quickly to this medication. Low doses 
of dapsone are usually all that is needed. Alternative 
substitutes for dapsone include sulfapyridine and col-
chicine. Oral prednisone can be helpful initially, but 
because of the long-term side effects, patients should 
be transitioned to one of the other medications men-
tioned. Drug-induced variants of this blistering disease 

LINEAR IMMUNOGLOBULIN A 
BULLOUS DERMATOSIS

Linear immunoglobulin A (IgA) bullous dermatosis is 
an infrequently encountered autoimmune blistering 
disease that was originally described in 1979. This 
disease has a characteristic immunofluorescence stain-
ing pattern that is used to differentiate it from other 
blistering diseases such as dermatitis herpetiformis. As 
the name implies, linear IgA is deposited along the 
length of the dermal-epidermal junction. Chronic 
bullous disease of childhood is considered by most to 
be the same disease, although there are a few clinical 
differences in age at onset and associations that can be 
used to justify separating them into two distinct, albeit 
very similar, entities. Most cases of chronic bullous der-
matosis of childhood are idiopathic, whereas most cases 
of linear IgA bullous dermatosis are drug induced and 
occur in an older population.

Clinical Findings: Linear IgA bullous dermatosis is 
rare and is estimated to occur in 1 of every 2,000,000 
people. There is no race or sex predilection. It occurs 
most frequently in the adult population. The blistering 
disease has an insidious onset with small vesicles that 
may mimic dermatitis herpetiformis. The blisters are 
pruritic and do not have the same burning sensation as 
occurs in dermatitis herpetiformis, nor is there any rela-
tionship to dietary intake. The bullae in linear IgA 
bullous dermatosis are characteristically arranged in a 
“string of sausages” configuration. Each bulla is elon-
gated and tapers to an end, with a small area of inter-
vening normal-appearing skin before the tapering 
beginning of a new bulla. This string can be linear or 
annular in orientation. The blisters are tense and even-
tually rupture and heal with minimal scarring. Mucous 
membrane involvement is frequently seen and can 
resemble that of mucous membrane pemphigoid.

Chronic bullous disease of childhood manifests in 
early childhood (4-5 years of age). The blistering is 
similar to that of linear Ig bullous dermatitis, and the 
histological findings are identical. Blistering in chronic 
bullous disease of childhood is more often localized to 
the abdomen and lower extremities but may occur any-
where on the skin; it also commonly affects mucous 
membranes. Chronic bullous disease of childhood is 
most often idiopathic, whereas linear IgA bullous der-
matosis can also be seen in association with underlying 
medications, malignancies, or other autoimmune con-
ditions. Many medications have been implicated in 
causing linear IgA bullous dermatosis, with vancomycin 
being the most common by far.

Histology: The immunofluorescence staining pattern 
is characteristic and shows linear IgA all along the base-
ment membrane zone. This is highly specific and sensi-
tive for the diagnosis of linear IgA bullous dermatosis 
and chronic bullous disease of childhood. Routine hema-
toxylin and eosin staining shows a subepidermal blister 
with an underlying neutrophilic infiltrate. This can be 
impossible to distinguish from dermatitis herpetiformis 
or bullous lupus, so immunostaining is required.

Pathogenesis: The exact target antigen in linear IgA 
bullous dermatosis is unknown. It is speculated that the 
IgA antibodies are directed against a small region of 
bullous pemphigoid antigen 180 (BP180). Other pos-
sible antigens exist and have been localized to the 
lamina lucida and lamina densa regions of the basement 
membrane. The reason for formation of these antiÂ�
bodies and how certain medications induce them are 
unknown. Once present, the antibodies target the  
basement membrane zone and cause inflammation by 

Characteristic bullae of linear
IgA disease, or chronic bullous
disease of childhood. They are
configured in an annular manner
with small areas of intervening
normal skin.

Linear deposition of IgA along the basement membrane zone

are best treated by recognizing the common culprits 
and removing them immediately. Over a period of a few 
weeks, most patients who have discontinued the offend-
ing medication return to a normal state. If the disease 
is found to be associated with an underlying malignancy 
or other autoimmune condition, therapy with dapsone 
is warranted. Treatment of the underlying condition 
should also be undertaken. If the malignancy or the 
associated disease is put into remission, there is a good 
possibility that the blistering disease will remit as well.
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family of proteins, which include envoplakin and peri-
plakin. Many other autoantibodies have also been 
found. It is theorized that the underlying neoplasm 
stimulates the cellular and humoral immune systems to 
form these autoantibodies. The exact mechanism by 
which the tumor causes this to occur is unclear.

Histology: Acantholysis is the main histological 
feature on routine staining. Varying amounts of kera-
tinocyte necrosis are also appreciated. The blister forms 
within the intraepidermal space. Routine staining 
cannot differentiate among the various members of the 
pemphigus family of diseases. Direct immunofluores-
cence staining in these diseases shows a fishnet staining 
pattern caused by intercellular hemidesmosomal kera-
tinocyte staining. Paraneoplastic pemphigus is much 
more likely than any of the other pemphigus diseases 
to have a positive indirect immunofluorescence staining 
pattern when rat bladder epithelium is used, whereas 
the pattern when monkey esophagus epithelium is used 

PARANEOPLASTIC PEMPHIGUS

Paraneoplastic pemphigus was not described until the 
early 1990s. It is a rare subset of the pemphigus family 
of diseases that is associated with the synchronous 
occurrence of a systemic neoplastic process. The neo-
plastic disease may precede the diagnosis of paraneo-
plastic pemphigus. This disease has been differentiated 
from other forms of pemphigus by its unique antibody 
profile and staining patterns. Most cases have occurred 
secondary to hematological malignancy, but solid 
tumors have also been with paraneoplastic pemphigus.

Clinical Findings: Paraneoplastic pemphigus is most 
likely to occur in the older population, usually during 
the seventh or eighth decade of life. It has also been 
reported to occur in young children with neoplastic 
disease. There is no sex or race predilection. Most 
patients develop paraneoplastic pemphigus after the 
diagnosis of an internal malignancy or at the same time 
as their diagnosis.

The oral mucosa is almost always the first mucocu-
taneous surface to be affected. Severe erosions and 
ulcerations occur throughout the oropharynx. This 
leads to significant pain and difficulty eating. Patients 
avoid eating because of the severe, unremitting pain. 
Weight loss and blistering, in combination with the 
underlying malignancy, result in a severe, life-
threatening illness. The hallmark of this disease is the 
severe oral mucous membrane involvement. In fact, if 
the patient does not have oral involvement, the diagno-
sis of paraneoplastic pemphigus should be reevaluated, 
and the patient most likely has another form of pem-
phigus. Soon after the onset of oral disease, the patient’s 
skin begins to break out in vesicles and flaccid bullae. 
These blisters are identical to those seen in pemphigus 
vulgaris. Histologically, there are some subtle differ-
ences in immunofluorescence.

The bullae can spread, and large surface areas of skin 
may become involved. Other clinical morphologies of 
skin disease have been described, including an erythema 
multiforme–like eruption, a pemphigoid-like eruption, 
and a lichenoid eruption that can mimic both graft-
versus-host disease and lichen planus. These variants 
are infrequently seen. The combination of paraneoÂ�
plastic pemphigus and an underlying malignancy has 
led to poor outcomes; this condition is refractory and 
very difficult to treat. The diagnosis is made by consis-
tent clinical features in a patient with an underlying 
malignancy who also has serum autoantibodies against 
certain proteins, most frequently the plakin family of 
proteins.

Pathogenesis: Paraneoplastic pemphigus is caused by 
circulating autoantibodies directed against various 
intercellular keratinocyte proteins. The most com-
monly found antibodies are directed against the plakin 

is routinely negative. The opposite pattern is seen with 
most other types of pemphigus. The unique histological 
and immunofluorescence staining patterns seen in para-
neoplastic pemphigus can lead one to the diagnosis. 
Immunoblotting may also be done.

Treatment: Therapy needs to be directed at the 
underlying neoplastic process. The overall outcome is 
extremely poor. The 2-year survival rate has been esti-
mated at 10%. Supportive care to prevent superinfec-
tion of the skin is imperative. Immunosuppressants are 
used to help decrease the blistering, but they may have 
deleterious effects on the underlying neoplasm. If the 
underlying neoplasm can be cured, there is a better 
chance that this disease will go into remission, although 
this does not always happen. Corticosteroids, azathio-
prine, intravenous immunoglobulin (IVIG), rituximab, 
plasmapheresis, bone marrow transplantation, and a 
host of other therapies have been attempted with 
limited success.

Antibodies Found in Paraneoplastic Pemphigus

Bullous pemphigoid antigen II 
Bullous pemphigoid antigen I 
Desmoglein 1
Desmoglein 3
Desmoplakin 1
Desmoplakin 2
Envoplakin
Periplakin
Plectin

Associations with Paraneoplastic Pemphigus
Hematologic malignancies (85% of cases)

Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma
Chronic lymphocytic leukemia

Lymph node hyperplasia
Castleman’s disease

Solid tumors  (15% of cases)
Thymoma
Sarcomas—predominantly
                  retroperitoneal location
Adenocarcinoma

Breast
Pancreas
Lung
Prostate
Colon

Squamous cell carcinoma
Oral cavity

Melanoma

Severe involvement of the oral mucosa 
is the hallmark of paraneoplastic pemphigus.

Diffuse erosions on the tongue
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PEMPHIGUS FOLIACEUS

Pemphigus foliaceus is a chronic autoimmune blistering 
disease. Pemphigus foliaceus can be seen in an isolated 
form or as an endemic form called fogo selvagem. These 
diseases are caused by autoantibody production against 
desmosomal proteins. The endemic form of the disease 
is seen in small regions in the jungles of South America, 
predominantly in Brazil. Pemphigus foliaceus is closely 
related to pemphigus vulgaris, and in some cases the 
clinical picture and antibody profile can shift from one 
disease to the other, leading to difficulty in classification.

Clinical Findings: Pemphigus foliaceus is a rare 
disease that most frequently affects patients who are 
about 50 years of age. There is no sex or race predilec-
tion. Blistering of the skin is prominent and can affect 
large body surface areas. The blisters tend to be more 
superficial than those of pemphigus vulgaris. The blis-
ters are rarely found intact because of their superficial 
and fragile nature. Mucous membranes are rarely 
affected, because the mucocutaneous surfaces do not 
contain high concentrations of the desmoglein 1 
protein. Patients exhibit a positive Nikolsky’s sign. This 
sign is positive when exertion of pressure (rubbing) 
induces a blister or erosion on nonaffected skin.

Fogo selvagem (Portuguese for “wild fire”) affects a 
younger population, occurring in patients approxi-
mately 25 years of age. It is believed to be transmitted 
by the bite of the black fly or the mosquito in patients 
who are susceptible to the disease. It has been postulated 
that the bite begins a cascade of immune system anti-
body production, resulting in formation of the patho-
genic antibodies against desmoglein 1. The infectious 
agent transmitted by the flies has not been discovered. 
A fair percentage of patients have a family member who 
is also affected, and this provides some clinical evidence 
for a genetic predisposition to the disease. The disease 
exhibits photosensitivity in the ultraviolet B range.

Indirect immunofluorescence testing of the patient’s 
serum shows autoantibodies against desmoglein 1.

Histology: The histological findings of pemphigus 
foliaceus and its endemic form, fogo selvagem, are  
identical. Intraepidermal blistering is caused by acan-
tholysis. The acantholysis is most prominent in the 
upper epidermis, usually starting in the granular cell 
layer and above. Typically, a mixed inflammatory infil-
trate is seen within the dermis. Varying amounts of 
crust and superficial bacteria are seen in areas of chronic 
erosion. Immunofluorescence staining shows a fishnet 
pattern of intercellular staining with immunoglobulin 
G and complement.

Pathogenesis: Abnormal antibody production is 
directed against the desmoglein 1 protein, which is a 
critical component of the desmosomal attachment 
between adjacent keratinocytes. Desmogleins are 
calcium-dependent adhesion proteins known as cadher-
ins. As the autoantibodies attach to the desmoglein 
protein and are deposited within the epidermis, they 
activate complement. Complement activation, along 
with the cytotoxic effects of lymphocytes, leads to acan-
tholysis of keratinocytes and the eventual blistering of 
the epidermis. The hemidesmosome is unaffected, and 
the basilar layer of keratinocytes stays attached to the 
basement membrane zone.

Treatment: Because mucous membrane involvement 
is almost nonexistent and the blistering is more super-
ficial, the course of pemphigus foliaceus is typically less 
severe than that of pemphigus vulgaris; however, this is 
not always the case. Therapy is directed toward decreas-
ing the antibody formation. Immunosuppressants are 

the mainstay of therapy, and combinations are occa-
sionally required to get the disease under control. Oral 
corticosteroids are typically the first medications used, 
along with a steroid-sparing agent. Azathioprine, myco-
phenolate mofetil, cyclophosphamide, and rituximab 
have all been used with varying success. Intravenous 
immunoglobulin (IVIG) has also been used. Use of  
the non-immunosuppressive agents, tetracycline and  
nicotinamide, has shown variable success. The same can 
be said of hydroxychloroquine. The treatment of 

pemphigus foliaceus requires chronic therapy, because 
this is a chronically relapsing and remitting disease. 
Supportive care is required to avoid excessive trauma 
and friction to the skin, which can induce blistering. 
Bacterial superinfection needs to be treated promptly.

Therapy for fogo selvagem is similar in many 
respects. The use of mosquito and fly control measures 
may be of help in the endemic regions, because these 
insects are believed to be the vectors of transmission to 
susceptible humans.

Minor areas
Major areas

Direct immuno-
fluorescence showing
uniform staining
between keratinocytes
in the dermis. The
antibody is directed
against the desmo-
glein 1 protein.

Endemic locations

Argentina

Chile

Paraguay

Uruguay

Brazil

Bolivia

Ecuador

Peru

French Guiana

Guyana
Surinam

Puerto Rico

Cuba

Jamaica Haiti

Dominican Republic

Costa Rica

Nicaragua
Panama

Belize

El Salavador
Guatemala

Honduras
Mexico

Colombia

Venezuela

Widespread super-
ficial erosions 
characteristic of the
pemphigus group 
of diseases. Rarely
intact bullae or
vesicles are found.



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 159

Blister formation via acantholysis is the hallmark
histological finding in pemphigus vulgaris.   

Pemphigus vulgaris. Severe acantholysis with 
“tombstoning” along the basement membrane
zone (BMZ). This is caused by uninvolved
hemidesmosomes, which adhere the basilar
keratinocytes to the BMZ.

Tombstoning

Pemphigus Variants

Pemphigus vulgaris

Pemphigus foliaceus

Endemic pemphigus

Pemphigus erythematosus

Paraneoplastic pemphigus

Pemphigus vegetans

IgA pemphigus

Oral erosions can be the first mucocutaneous 
sign of the disease pemphigus vulgaris.

Plate 5-10� Autoimmune Blistering Diseases

plaque is composed of various proteins that act to 
connect the intracellular actin cytoskeleton of one  
keratinocyte to that of another; these include various 
desmoglein, desmocollin, desmoplakin, plakophilin, 
and plakoglobin proteins. The central portion of the 
desmosome contains the proteins desmoglein and des-
mocollin. They are responsible for the tight binding of 
adjacent keratinocytes. There are many members in 
each of the desmoglein and desmocollin families.

Autoantibodies to the desmoglein family of proteins, 
specifically desmoglein 3, are responsible for the forma-
tion of pemphigus vulgaris. Antibodies against desmo-
glein 1 have also been found in patients with pemphigus 
vulgaris and pemphigus foliaceous.

Histology: Skin biopsies of pemphigus vulgaris shows 
intraepidermal blister formation. The blisters are 
formed by acantholysis, and keratinocytes appear to be 
free floating within the blister cavity. “Tombstoning” 
may be present. This is the designation given to the 

PEMPHIGUS VULGARIS

Pemphigus vulgaris is the prototypical acantholytic 
autoimmune blistering disease. It is one of the most 
serious of all blistering diseases. Blister formation in 
this subset of skin diseases occurs secondary to intraepi-
dermal acantholysis. The desmosomal plaque is the 
target of the autoantibodies found in this disease.

Clinical Findings: The mean age at onset is approx-
imately 55 years. Patients present with rapid onset of 
vesicles and bullae that rupture easily. The flaccid 
bullae are rarely found intact. The disease often begins 
within the oral cavity, and the oral lesions can either 
precede the skin disease or occur independently of skin 
manifestations. Vesicles and bullae are almost never 
seen in the oral cavity, because the blisters in pemphi-
gus are superficial and rupture almost immediately 
after they are formed. The oral erosions are excruciat-
ingly painful and are frequently misdiagnosed as a 
herpes simplex infection. Often, it is not until the ero-
sions become chronic that the diagnosis of pemphigus 
is entertained. Patients eventually avoid eating because 
of the pain, and they often complain of weight loss, 
fatigue, and malaise.

If skin lesions are also present, the diagnosis can be 
made with more confidence based on the clinical find-
ings. However, one must perform a biopsy to rule out 
the other pemphigus variants. Paraneoplastic pemphi-
gus always starts in the mouth and tends to be much 
more severe and refractory to therapy than pemphigus 
vulgaris. This diagnosis should be considered in a 
patient who has a coexisting malignancy and treatment-
refractory disease. Immunoblotting is a specific test to 
look for the exact autoantibody present in paraneoplas-
tic pemphigus; it can be performed in highly specialized 
laboratories. In pemphigus vulgaris, indirect immuno-
fluorescence almost always shows a high titer against 
desmoglein 3. The antibody titer correlates with the 
disease activity, and titers have been monitored to assess 
the treatment of the disease. Pruritus is uncommon in 
patients with pemphigus; the overwhelming complaint 
is skin pain. If left untreated, the disease is progressive 
and carries a mortality rate of 60% to 65%.

The skin blisters of pemphigus vulgaris rupture  
early in the course of their formation. The remaining 
erosions can become quite large, however. Weeping  
of serous fluid is present, and bleeding from the ero-
sions can also be seen. Secondary superinfection is 
common and may cause an increase in autoantibody 
production.

Pathogenesis: Pemphigus vulgaris is a chronic auto-
immune blistering disease in which autoantibodies  
are directed against the desmosomal plaque. The des-
mosomal plaque is the most crucial element that holds 
adjacent keratinocytes in place and juxtaposed to one 
another. There are other intercellular connections 
between keratinocytes, including gap junctions, adher-
ens junctions, and tight junctions. The desmosomal 

basilar keratinocytes that stay attached to the basement 
membrane zone by their unaffected hemidesmosomes. 
The basilar keratinocytes appear to be standing up in  
a row, mimicking tombstones. Immunofluorescence 
show immunoglobulin G staining in a fishnet pattern 
throughout the epidermis. Each intercellular connec-
tion between keratinocytes is highlighted.

Treatment: Appropriate therapy needs to be insti-
tuted as soon as the diagnosis is made. High-dose oral 
or intravenous corticosteroids have been the mainstay 
of therapy. However, patients need to be transitioned 
to a steroid-sparing agent. Many immunosuppressive 
medications have been used to treat pemphigus vul-
garis. The more common ones are azathioprine, myco-
phenolate mofetil, cyclophosphamide, and the newer 
agents, intravenous immunoglobulin (IVIG) and ritux-
imab. Morbidity and mortality have been dramatically 
reduced since the introduction of steroids and steroid-
sparing agents.
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A. meyeri, A. naeslundii, A. radingae, A. europaeus, A. 
viscosus, A. neuii, or A. odontolyticus. A. israelii is the 
organism most frequently observed to cause disease. 
These are anaerobic, acid-fast bacteria that have a fila-
mentous morphology with varying amounts of branch-
ing. The definitive diagnosis is made by culture of the 
organism.

ACTINOMYCOSIS

Many species of the bacterial genus Actinomyces are able 
to cause disease in humans. The infection tends to run 
a chronic course that leads to suppurative granuloma-
tous abscesses in the skin. The diagnosis may be sus-
pected if there is clinical evidence of painful draining 
of suppurative material and histological evidence of 
granuloma formation. The exact diagnosis is based on 
tissue culture or culture of the suppurative material. 
The disease is progressive if appropriate therapy is not 
instituted. The organisms responsible for these infec-
tions are normally found within the oral cavity and are 
commensal organisms. They can also be found through-
out the gastrointestinal tract.

Clinical Findings: Males are much more likely to 
develop this infection than females, with an estimated 
ratio of 3â•›:â•›1. Most patients are between 30 and 50 years 
of age. Predisposing factors include poor dental hygiene. 
The infection is believed to be endogenous in origin. It 
is a rare infection in the United States. There are several 
clinical pictures of actinomycosis. The most common 
form seen is the cervicofacial subtype, which accounts 
for more than 50% of cases. It is related to oral trauma, 
such as recent dental work. The area that has been 
traumatized provides a portal of entry for the bacteria, 
and there is a progressive induration of the underlying 
tissue. With time, the firm swelling begins to break 
through the skin and to drain through multiple cutane-
ous fistulas. Pain can be intense and is relieved as the 
fistulas spontaneously drain. The designation “lumpy 
jaw” signifies the induration and fistula formation seen 
in patients with actinomycosis cervicofacial disease.

The next most prevalent form of the disease is the 
pulmonary form. This is believed to be caused by aspi-
ration of the causative bacteria. Patients often complain 
of hemoptysis and low-grade fever. Chest radiographs 
can show features similar to those of tuberculosis infec-
tions. Any lobe of the lung may be involved, but the 
right lower lobe is most frequently affected because the 
infection is caused by aspiration. If the disease goes 
unrecognized, sinus tracts eventually form through the 
lung lining, muscle, and skin to the thoracic cutaneous 
wall. Skin abscess and a draining sinus in this location 
should lead one to look for pulmonary involvement, 
including the development of empyema. Abdominal 
forms of the disease are believed to occur after trauma 
to the bowel. This has been reported most frequently 
after appendectomy, and for unknown reasons the bac-
teria localize to that area. The last form of the disease 
is the disseminated form, which is rare and can occur 
after any form of the disease that is not appropriately 
treated. Any organ system may be involved.

Histology: Biopsy specimens show a suppurative 
granulomatous reaction pattern. Neutrophils, histio-
cytes, and lymphocytes make up the majority of the 
inflammatory infiltrate. Basophilic granules (sulfur 
granules) are surrounded by a predominantly neutro-
philic infiltrate.

Anaerobic culture of the purulent material or a 
portion of the tissue is critical for proper identification 
of the responsible organism and ultimately for choosing 
the appropriate therapy. Material should be sent anaero-
bically immediately to the laboratory. Yellow to white 
sulfur granules form as the culture material grows. Eval-
uation of the sulfur granules with the use of an oil 
immersion microscope shows the filamentous bacteria.

Pathogenesis: Actinomycosis is caused by one of the 
gram-positive filamentous bacteria of the Actinomyces 
genus: A. israelii, A. turicensis, A. lingnae, A. gravenitzii, 

Cervicofacial subtype
of actinomycosis
(”lumpy jaw”)

Abscess of chest wall
and draining sinuses
due to actinomycosis.
The fungus spreads 
to the skin by direct
extension from the
involved lung.

The “ray fungus” as it appears in H&E-stained
tissue section with surrounding neutrophilic
infiltrate

Pus in a Petri dish showing two
sulfur granules (small lumps
indicated by arrows)

Treatment: The drug of choice to treat this bacterial 
infection is penicillin. Therapy needs to be maintained 
for months to be certain of complete cure. If the infec-
tion is treated promptly, almost all patients have a full 
and complete recovery. Patients who are allergic to 
penicillin can be treated with any of the tetracycline-
based antibiotics.
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granulomas in the lung, but the yeast form of the fungus 
is much more resistant to killing by natural host 
responses. If the host is immunocompromised, the 
fungus may disseminate to other organs, particularly 
the cutaneous surface. Dissemination occurs via vascu-
lar spread of the yeast organisms.

Treatment: Prompt treatment with amphotericin B 
is the therapy of choice for those with disseminated or 

BLASTOMYCOSIS

Blastomycosis is a fungal infection that is found pre-
dominantly in North America. This disease is also 
known as North American blastomycosis or Gilchrist’s 
disease. However, because it has also been reported  
in Central and South America, the preferred name of 
this disease is blastomycosis. It is endemic in the areas 
of the United States and Canada that border the Great 
Lakes, the Saint Lawrence Riverway, and the Missis-
sippi River Valley. Most cases have been reported from 
Wisconsin and Ontario. The infection is common in 
other mammals such as dogs. Most cases are isolated 
and sporadic in nature; however, outbreaks of the  
infection have occurred in which many people who 
came into contact with the same environmental source 
were infected.

Clinical Findings: The organism is first inhaled into 
the lungs, where it quickly reverts to its yeast state. 
Most infections are controlled by the local immune 
response, and minimal to no symptoms occur. The 
disease most frequently stays localized within the pul-
monary system. It can, however, spread to any other 
organ system in an immunosuppressed host. After the 
conidia (spores) are inhaled, the most frequent symp-
toms are coughing, fever, pleurisy, weight loss, malaise, 
arthralgias, and hemoptysis. The symptoms may ini-
tially mimic those of an influenza infection. Approxi-
mately half of the patients with symptomatic disease 
have only pulmonary findings; the other half have both 
pulmonary and other organ system findings.

Cutaneous findings are nonspecific and have been 
classified as verrucous or ulcerative. The verrucous 
lesions can range from small papules and plaques to 
large nodules with sinus tract formation. The central 
face and nose are common locations of involvement. 
Ulcerated lesions can occur anywhere and are associ-
ated with underlying abscess formation and drainage. 
The skin lesions can mimic those of skin cancers, and 
biopsy is required to make the appropriate diagnosis.

Histology: Biopsies of blastomycosis show pseudo-
epitheliomatous hyperplasia of the epidermis. Within 
the dermis is a granulomatous infiltrate of predomi-
nantly noncaseating granulomas. Neutrophils are proÂ�
minent. The yeast can be appreciated on routine 
hematoxylin and eosin staining. They appear as oval 
cells with a thick, refractory wall. Often, broad-based 
budding is noted. This form of solitary broad-based 
budding is specific for Blastomyces dermatitidis. Other 
special stains can be used to better highlight the fungus, 
including the periodic acid–Schiff and silver stains.

The best means of diagnosing this fungal infection is 
by culture on Sabouraud’s media. The mold begins to 
grow quickly and forms white to gray, waxy colonies. 
Special DNA probes can be used to quickly identify the 
fungus growing in the medium.

Pathogenesis: Blastomycosis is directly caused by 
infection with the dimorphic fungus, B. dermatitidis. 
This organism inhabits soil and vegetation in its mold 
or mycelial form. When the environment that contains 
the fungus is disrupted, the spores of this fungus may 
gain entry into a human (or other mammal) by direct 
inoculation or by inhalation. Once the fungus has 
entered the human body, the increase in temperature 
causes it to convert to its yeast form. The yeast form  
is not contagious, and the human acts as a host for 
reproduction but is unable to transmit the disease to 
any other human. The normal host is able to contain 
the inhaled spores within alveolar macrophages and 

Organism in culture: free-living or infectious 
phase of Blastomyces dermatitidis. Sabouraud’s
dextrose agar medium

Verrucous ulcerated plaques and nodules

Granulomatous reaction 
with many giant cells 
containing organisms;
high-power view (inset)
of giant cell with
organisms Organism with thick,

refractory cell wall

Very high-
power view
of a budding
and a
nonbudding 
organism

Broad-based
budding is
characteristic
of blasto-
mycosis.

severe disease or any evidence of immunosuppression. 
Milder cases can be treated with prolonged courses of 
the azole antifungal agents; amphotericin B is used if 
the disease fails to respond to this treatment. Flucon-
azole and itraconazole are the two antifungal agents 
most frequently used, although other options are avail-
able. Before antifungal therapy was available, more than 
80% of cases were fatal.
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observed in skin biopsy specimens. Culturing of  
the bacteria is the best means to firmly make the 
diagnosis.

Treatment: Treatment can be accomplished with 
azithromycin, erythromycin, or ceftriaxone. The clini-
cian should also consider treating empirically for other 
sexually transmitted diseases, because they tend to con-
gregate together. This is especially true of gonorrhea, 
which is often a coinfection with H. ducreyi. For some 

CHANCROID

Chancroid is a sexually transmitted disease caused by 
Haemophilus ducreyi. Infection with this bacterium is one 
of the most common causes of acute genital ulcerations 
in the world. Although it is most frequently encoun-
tered in Africa and Asia, it can be seen worldwide. 
Infection with this agent is frequently associated with 
other sexually transmitted diseases. H. ducreyi infection 
has been shown to increase the likelihood of contract-
ing the human immunodeficiency virus (HIV) after 
exposure. Although specialized serology testing is being 
developed, the diagnosis is based on the clinical sce-
nario and culture results.

Clinical Findings: H. ducreyi is transmitted via sexual 
contact, and the first sign of the disease is the formation 
of a papule at the site of inoculation. The papule occurs, 
on average, 3 to 5 days after exposure. The papule, 
which is often surrounded by a red halo, quickly turns 
into a vesiculopustule and then a painful ulceration. 
The ulcer is nonindurated and has undermined edges 
with a well-demarcated boundary. If left untreated, the 
ulcerations can become enormous and serpentine in 
appearance. The base of the ulcer has a gray appearance 
with granulation tissue present. The infection is associ-
ated with massive inguinal adenitis, termed buboes, 
in about 50% of cases. The disease is transmitted by 
unprotected sexual intercourse with an infected indi-
vidual. Women may develop subclinical undetected 
disease, in which case they can act as carriers for trans-
mission. This is likely the reason that sexual intercourse 
with female prostitutes increases one’s chance of devel-
oping disease. Active disease is much more frequently 
encountered in males, in a 4â•›:â•›1 ratio.

Pathogenesis: H. ducreyi is a gram-negative coccoba-
cillus. The organism is transmitted from one human 
host to another by intimate physical contact. The bac-
terium requires a break in the integrity of the epidermis 
to gain entrance to the body. It then multiples locally 
and forms the initial papule, which soon becomes a 
pustule teeming with bacteria. Once the papulopustule 
ulcerates, the bacterial load is high and allows for 
further transmission. It has been shown that the bacte-
ria can be shed from nonulcerated lesions. The forma-
tion of ulcerations on epidermis that opposes the 
original ulcer has been termed a “kissing ulcer” and is 
caused by direct autoinoculation of the bacteria. The 
bacteria cannot live long outside its human host, and 
this characteristic can make it difficult to properly 
culture. Many virulence factors have been detected, 
including the cell surface lipooligosaccharide protein. 
The bacteria grow on chocolate agar culture medium.

Histology: A skin biopsy from the edge of the ulcer 
may be helpful in diagnosis. There are three zones  
of inflammation from superficial to deep. Zone 1 is the 
necrotic superficial tissue. The second zone is the 
largest and consists of a proliferation of freshly made 
blood vessels. The last zone is a deep layer consisting 
of an inflammatory infiltrate with many plasma cells. 
Detection of the bacteria is difficult on tissue biopsies 
unless the bacterial load is tremendous. If a high burden 
of bacteria is present, they may be seen on microscopy 
lined up in a “school of fish” pattern. This is rarely 

Chancroid under
foreskin with
marked adenitis

Soft chancre 
of chancroid
with surrounding
redness

Haemophilus 
ducreyi in a 
“school of
fish” pattern
with
surrounding
neutrophils

Swollen
lymph nodes
(buboes) can
spontaneously
drain to the
skin surface.

Chancroid ulcerations show a well-demarcated
border and a gray discolored base.

reason, the disease is more difficult to treat in patients 
who have a coexisting HIV infection. This may be 
because HIV-positive patients have a lowered cell-
mediated immunity, and an intact cell-mediated 
immune system is needed to treat H. ducreyi infection. 
Surgical incision and drainage of fluctuant nodules 
should be considered as an adjunct to oral antibiotics. 
Drainage decreases the bacterial load and potentially 
makes antibiotic therapy more effective.
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Pathogenesis: Coccidioidomycosis is caused by the 
soil-dwelling fungus, C. immitis. Endemic to the south-
western United States, Central America, and parts of 
South America, this fungus is found in the environment 
in its mycelial or mold phase. It produces white, light, 
and fluffy arthrospores. These arthrospores are highly 
infectious. Once inhaled, this dimorphic fungus turns 
into its yeast form. The yeast form is made of thick-
walled spherules with multiple, centrally located endo-
spores that can be released from the host by coughing 
or by drainage of an abscess. The resulting endospore 

COCCIDIOIDOMYCOSIS

Coccidioidomycosis, or valley fever, is endemic in the 
southwestern United States. Patients who breathe in 
spores (arthroconidia) from the fungus Coccidioides 
immitis may become infected. Most patients do not 
develop active disease; instead, their exposure is  
confirmed by the presence of a positive delayed hyper-
sensitivity test to the fungus. Primary cutaneous coc-
cidioidomycosis is a rare entity caused by inoculation 
of the fungus directly into the skin. By far the most 
common form of cutaneous coccidioidomycosis is 
caused by dissemination to the skin from a primary 
pulmonary infection.

Clinical Findings: This infection has a slightly 
increased incidence in African Americans. The Filipino 
population appears to be at greatest risk for developing 
severe disease. Males and females are equally affected. 
Most individuals who inhale the spores do not develop 
active disease. Rather, the fungus lies dormant or 
trapped within pulmonary granulomas. About one third 
of patients who are exposed to the fungus develop an 
acute pneumonitis. Fever, cough, malaise, and pleurisy 
are the main symptoms. The pneumonitis may be 
severe enough to bring the patient to the clinic to seek 
therapy, but many cases are mild and patients routinely 
dismiss them as the common cold. Reactivation later in 
life may occur secondary to acquired immunosuppres-
sion, pregnancy, or older age.

Cutaneous findings in coccidioidomycosis have a 
variable morphology. Papules, plaques, and nodules are 
the most frequent forms of disseminated coccidioido-
mycosis. These skin lesions have a predilection to affect 
the face, and in particular the nasolabial skin fold. Mul-
tiple draining cutaneous abscesses with fistula and sinus 
formation can occur in late untreated disease. Chronic 
ulcerations have also been reported to be a manifesta-
tion of cutaneous disease.

Nonspecific skin findings attributed to fungal infec-
tion with C. immitis are well recognized. The best 
reported and most clearly associated finding is erythema 
nodosum. Erythema nodosum is a reaction that occurs 
in many internal and cutaneous disease states. Almost 
any deep fungal infection can induce erythema nodosum. 
Patients who have a history of travel to an endemic area 
should be screened for this fungal disease. Rarely, ery-
thema multiforme and Sweet’s syndrome have been 
reported in association with coccidioidomycosis.

Pulmonary disease is almost always present and 
should be thoroughly searched for in patients present-
ing with cutaneous coccidioidomycosis. Chest radio-
graphs may show many findings, including cavitary 
lesions, hilar adenopathy, pneumonitis, pleural effu-
sions, and lobar disease.

The only method to make a diagnosis is with an 
appropriate tissue culture that shows growth of the 
causative fungus. The clinical examination and history 
are not as sensitive or specific as culture of the fungus. 
If one has a high index of suspicion for this disease, 
treatment should be instituted and then adjusted after 
the culture results become available.

Histology: Punch biopsy or excisional biopsy speci-
mens show a diffuse granulomatous inflammatory infil-
trate. Pseudocarcinomatous epithelial hyperplasia often 
overlies the granulomatous infiltrate. Within the gran-
ulomatous portion of the dermal infiltrate are the  
characteristic spherules that contain endospores. The 
spherules are thick walled and can readily be seen on 
specimens routinely stained with hematoxylin and eosin 
stain. The spherule can be highlighted with the use of 
a silver stain.

Sputum or
discharged pus

Mycelia

Septate hyphae

Arthrospores

Inhalation or skin penetration

Spherule with
endospores (seen
in sputum or pus)

Endospores 
discharged

Characteristic granuloma
of nasolabial fold

Saprophytic phase Parasitic phase

Multiple draining sinuses
and ulcerated plaques

Occasionally to bones,
liver, or spleen

Mycelial phase of C. immitis in culture
on Sabouraud’s medium; highly
infectious

Meningitis with hydrocephalus;
uncommon but often fatal

readily converts back to its mycelial phase and can 
infect another host.

Treatment: The azole antifungals fluconazole and 
itraconazole are first-line therapies for coccidioidomy-
cosis. Treatment typically lasts 6 to 12 months; pro-
longed therapy may be required in some cases. Severe, 
life-threatening cases and those refractory to azole anti-
fungal medications are usually treated with amphoteri-
cin B. Adjunctive surgical treatment can be used to 
debride abscesses and remove isolated pulmonary 
disease.
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study and differentiate this organism from other fungi 
and from other cryptococcal species.

Treatment: Patients with a diagnosis of cutaneous 
cryptococcosis need to be evaluated for CNS involve-
ment, because the therapy is very different. If a spinal 
fluid analysis shows evidence of fungal involvement, the 
treatment of choice is amphotericin B with or without 
flucytosine. If no nervous system involvement is present, 
long-term use of itraconazole or fluconazole can be 
prescribed. Cutaneous abscesses should be incised and 
drained to decrease the fungal load. Treatment consid-
erations should also include the immune status of the 
patient and appropriate screening and testing for HIV 
infection.

Plate 6-5� Integumentary System

CRYPTOCOCCOSIS

Cryptococcosis is an opportunistic fungal infection 
caused by Cryptococcus neoformans or, less frequently, by 
Cryptococcus gattii. It is seen primarily in immunosup-
pressed patients such as patients taking chronic immu-
nosuppressive medications and those with the acquired 
immunodeficiency syndrome (AIDS). A diagnosis of 
cryptococcosis in a patient with human immunodefi-
ciency virus (HIV) infection is considered to be an 
AIDS-defining illness.

It is primarily a lung disease, but dissemination to the 
skin and to the central nervous system (CNS) are well 
described. Cryptococcosis has a higher tendency to 
affect the CNS than the other opportunistic fungi do. 
Primary cutaneous cryptococcosis is a rarely seen con-
dition that is caused by direct inoculation of the yeast 
into the skin.

Clinical Findings: A variety of infectious outcomes 
can occur after exposure to this encapsulated yeast. 
Immunocompetent hosts typically do not show any 
signs or symptoms. On occasion, the fungus can be 
found colonizing the oropharynx and upper airway; this 
has been shown to be transient and appears to cause no 
harm. Most of the population in North America show 
serological evidence of exposure. If a colonized patient 
subsequently becomes immunosuppressed, the dormant 
fungus may cause disease. Cryptococcosis is ubiquitous 
in North America, and patients routinely come in 
contact with the fungus. Immunosuppressed patients 
who contact the fungus during routine outdoor envi-
ronmental exposure may become infected. The fungus 
can be found in soil and is frequently found in bird 
droppings, especially those of pigeons. The fungus 
gains entry via inhalation. Once in the lung tissue, it is 
able to grow and reproduce. The host may develop 
signs of lung inflammation including cough, hemopty-
sis, pain, pleurisy, and pneumonia. The fungus eventu-
ally disseminates through the bloodstream to infect 
various tissues.

The skin is affected in up to 25% of patients with 
disseminated disease, especially those patients with 
AIDS. The lesions can appear as small white papules 
with a central dell that mimic molluscum contagio-
sum. The most commonly described morphology of 
cutaneous cryptococcosis is that of a red macule that 
can be large and can imitate cellulitis. Many other 
cutaneous morphologies have been described in the 
literature. Cutaneous nodules with underlying abscess 
formation and overlying ulcerations are not uncom-
mon. Clinical suspicion should lead the physician to 
perform an incisional or punch biopsy for histological 
evaluation and microbiological culture to ascertain the 
diagnosis.

Pathogenesis: C. neoformans and C. gattii are oppor-
tunistic yeasts that are encapsulated. The capsule is 
critical in that it helps the fungus avoid host defenses. 
Various serotypes of the species exist. The host inhales 
the organism or accidentally becomes inoculated 
through a penetrating skin wound. The yeast can over-
come the host’s cell-mediated immunity if the immune 
system is compromised. This can lead to fungal abscess 
and hematogenous spread of the fungus. Cryptococcus is 
a unique fungus that has a neurotrophic behavior and 
often causes CNS disease.

Histology: The histological features are somewhat 
dependent on the immune status of the patient. In 
severely immunosuppressed patients, the biopsy speci-
men often shows a gelatinous appearance with numer-
ous yeast cells and a mixed inflammatory infiltrate. 

India ink preparation
showing C. neoformans.
No hyphae are seen.

A. Budding organism
with thick capsule

B. Nonbudding organisms

C. Unencapsulated
form (budding)

Skin lesions on foot and ankle.
Above, Molluscum-like lesion.
Right, Diffuse lesion involving
lateral aspect of limb mimicking
cellulitis.

Infection is by respiratory route.
Pigeon dung and air conditioners
may be factors in dissemination. 

Accumulation of encapsulated
cryptococci in subarachnoid space
(PAS or methenamine-silver stain)  

India ink preparation
showing budding and
capsule  

A

B

B

C

Immunocompetent patients are more likely to have a 
granulomatous infiltrate with few yeast organisms and 
a vigorous host granulomatous response. The yeast 
capsule can be stained with Alcian blue, India ink, or 
mucicarmine. Periodic acid–Schiff stain can be used to 
demarcate the central portion of the yeast.

Cultures of the fungus reveal fast-growing, off-white, 
mucoid colonies. The fungus is unique in that it can 
grow at varying temperatures, including the routine 
culture temperature of 24°C to 25°C and body tem-
perature of 37°C. Microscopic examination reveals 
round, budding, encapsulated yeasts without hyphae.  
C. neoformans has unique biochemical features, such as 
its inability to ferment sugars, that allow mycologists to 
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the most frequently used medications. Oral ivermectin 
is well tolerated and works equally as well as the others. 
Ivermectin binds to glutamate-gated chloride channels 
in the parasites, allowing free passage of chloride and 
eventually death of the cell. Thiabendazole and alben-
dazole work by inhibiting microtubule polymerization 
in the parasite, ultimately leading to its death. Thiaben-
dazole and albendazole can cause severe gastrointestinal 
side effects, and they are best used topically. A 

CUTANEOUS LARVA MIGRANS

Cutaneous larva migrans is a tropically acquired skin 
disease caused by the aimless wandering of a nematode 
larva. This disease has also been termed “creeping erup-
tion” because of the slow, methodical movement under-
neath the skin, which subsequently manifests with the 
classic cutaneous findings. The most frequent cause of 
cutaneous larva migrans is the larva of Ancylostoma bra-
ziliense or Ancylostoma caninum. The cutaneous findings 
are similar among the various species that can cause 
disease. Treatments are effective for this condition, 
which causes more psychological than physical harm. 
Establishment of the specific larva responsible for the 
disease is not routinely attempted, nor is it practical or 
cost effective.

Clinical Findings: The larvae gain entrance into 
the epidermis through tiny abrasions, cuts, or any dis-
ruption of the normal epidermal layer. The larvae are 
frequently obtained during a barefoot walk on a con-
taminated beach or from a similar environment. Trav-
elers to Central and South America often acquire the 
larvae on the beach while lying on or playing in the 
sand. The initial entry of the larvae goes entirely 
unnoticed. It is not until days to weeks later that  
the human host begins to develop cutaneous signs of 
the disease. The first evidence is a pink to red, edema-
tous eruption that begins to take on a serpiginous 
course. The involved skin appears as red, squiggly 
lines. If only one larva is present, only one serpiginous 
line will be present. The line meanders and slowly 
elongates over days to weeks until the patient  
seeks medical advice. Patients who are infected with 
multiple parasites have multiple serpiginous areas of 
involvement, with some in a criss-crossing pattern. 
Pruritus is universal, but pain is infrequent. The 
lesions are typically elevated but can become vesicular 
in nature.

Pathogenesis: Cutaneous larva migrans is caused by 
penetration of the epidermis by one of the various larvae 
known to cause disease. The larvae are derived from 
eggs that are laid in the intestines of an infected animal, 
such as a dog, and then released in the stool. When the 
animal defecates, the eggs are readily passed into the 
soil, where they hatch into larvae. The human is an 
incidental or dead-end host, because the larva is unable 
to replicate or complete its life cycle in humans. This 
is very much different than infections with the gastro-
intestinal parasites Ancylostoma duodenale and Necator 
americanus, which require the human host to replicate. 
The larvae wander around the epidermis, unable to 
penetrate the basement membrane zone and therefore 
unable to enter the dermis. If the condition is left 
untreated, the larvae die in the skin within a few months. 
The larvae have been shown to secrete enzymes that 
help them travel throughout the epidermis, but they 
lack an enzyme to penetrate the dermal-epidermal 
junction.

Histology: The histopathology is nonspecific unless 
the actual larva is biopsied. This is highly unlikely, 
because the larva is typically an estimated 2 to 3â•¯cm 
ahead of the leading edge of the serpiginous rash, and 
most biopsies are taken from the serpiginous region. 
The biopsy specimen shows a lymphocytic dermal infil-
trate with eosinophils. Occasionally, a space is seen 
within the spongiotic epidermis, which indicates the 
area through which the larva passed.

Treatment: The mainstays of treatment are the 
anthelmintic agents. Albendazole and ivermectin are 

pharmacist can compound these agents into a topical 
solution to apply to the affected area. Other therapies 
that have been attempted include cold therapy with 
topical liquid nitrogen, which is no longer advocated. 
The larvae have been shown to survive at subfreezing 
temperatures, and because one cannot predict with high 
certainty the location of the larva, a large area of skin 
must be treated with liquid nitrogen for the treatment 
to be effective.

Parasitic Diseases
Necatoriasis and Ancylostomiasis

Secondary
anemia

Necator
americanus
(adult worms)

Mature worms
develop in 
duodenum
and jejunum,
bite into mucosa,
and suck blood
causing variable
degrees of anemia.

Ancylostoma
duodenale

Fertilized
ova
discharged
in feces

Rhabditiform
larvae
develop
in ova in
24 hours

Rhabditiform
larvae escape
from eggLarvae molt twice developing

into filariform larvae

Final larval forms pene-
trate human skin causing
“ground itch”

Larvae enter blood
stream and are
carried to heart

Larvae reach lung via
pulmonary artery, then
penetrate alveoli
and enter bronchi

Larvae ascend trachea
to pharynx and
are swallowed
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Reported causes of
Cutaneous Larva Migrans

Ancylostoma braziliense*
Ancylostoma caninum*
Uncinaria stenocephala
Ancylostoma ceylanicum
Ancylostoma tubaeforme
Ancylostoma duodenale
Necator americanus
Bunostomum phlebotomum
Gnathostoma spinigerum
Strongyloides myopotami
Strongyloides westeri
Strongyloides procyonis
Strongyloides papillosus
Dirofilaria repens

*Account for the vast majority
of cases 

Cutaneous Larva Migran
is frequently encountered
on the feet. It is acquired
by barefoot walking 
in infested areas.
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along with other Trichophyton species. The infection 
may form boggy, crusted plaques identical to a kerion 
of the scalp. If the lesions are plaque-like and affect the 
hair follicles, systemic therapy is needed.

Tinea cruris (jock itch) is one of the most easily 
recognized and prevalent forms of superficial fungal 
infections. The fungus prefers to live in dark, moist 
regions of the skin that stay at body temperature. The 

DERMATOPHYTOSES

Dermatophytes are classified in many ways by mycolo-
gists and physicians. One of the simplest classification 
systems is based on the natural living conditions of the 
studied fungi. Fungi can be classified as zoophilic 
(affecting mammals only), anthropophilic (affecting 
predominantly humans with little transference to other 
mammals), or geophilic (predominantly soil fungi that 
are capable of affecting mammals under the correct 
living conditions). This classification is widely used by 
physicians, because more complicated categorizations 
have minimal impact on the overall therapy and prog-
nosis. Most of these infections are treated with topical 
antifungal agents that can be purchased over the counter, 
which have very high success rates. Fungal infections of 
the hair shaft and nails require systemic therapy for the 
highest efficacy of treatment. Topical antifungal agents 
do not penetrate the deeper layers of the stratum 
corneum, the nail plate, or the hair shaft, and in these 
cases systemic antifungals are required for therapy.

Clinical Findings: Superficial fungal infections have 
been around for millennia and have been reported in 
the literature under various names and descriptions. 
Most of the terms used for these infections are based 
on the location of the disease. An individual may be 
affected by more than one of these types concurrently. 
Immunocompetent individuals are less likely than those 
who are immunosuppressed to develop widespread 
disease.

Tinea corporis (ringworm) is a superficial dermato-
phyte infection of the skin of the trunk or extremities. 
It begins as a small red macule or papule and, over time, 
spreads out in an annular or polycyclic nature. The 
primary morphology of tinea infections is the scaly 
patch with a leading trail of scale. On close examina-
tion, one can observe a random amount of hair loss 
within the affected area. Most cases are mild and affect 
only one or two areas, but some can be widespread and 
can be associated with other forms of tinea such as tinea 
unguium. If tinea corporis is left untreated, the fungus 
will continue to spread out from the center of each 
lesion; lesions can merge into very large patches that 
may envelop almost the entire trunk or extremity.

Tinea faciei, as the name implies, occurs on the face. 
It appears as annular patches with a leading edge of 
scale. The scale is easily scraped off. In adult men, the 
term tinea faciei is used to describe disease in regions of 
the face other than terminal hair–bearing skin, such as 
the beard and scalp. The lesions may converge into 
polycyclic patches and are typically pruritic. This form 
of superficial fungal infection is commonly seen in chil-
dren. Sleeping in the same bed as pets may increase the 
risk of exposure to the causative fungus and the chance 
of acquiring any of the superficial fungal infections. 
Trichophyton tonsurans is the most likely etiological agent 
in North America.

Tinea barbae is a fungal infection in the beard region 
of postpubertal men. This infection often affects the 
skin as well as the hair follicles, and it can appear as  
red patches with follicle-based pustules. Many fungal 
species have been shown to cause this condition, with 
the zoophilic agents being more commonly responsible. 
Trichophyton verrucosum has been frequently reported, 

Tinea faciei. Annular patches occur in a
diffuse pattern. Extensive disease may
be caused by topical corticosteroid use.

Tinea corporis. Annular scaly patches
with a leading edge of scale       

TINEA FACIEI AND TINEA CORPORIS

groin a perfect location for fungal infections. The 
disease is often very pruritic, and this is what gives it 
the vernacular name, “jock itch.” It is seen frequently 
in athletes but is by no means limited to them. Tricho-
phyton rubrum and Epidermophyton floccosum are the most 
commonly reported etiological agents.

Tinea pedis (athlete’s foot) is probably the superficial 
fungal infection that is best known to members of the 
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class. The kerion often appears as a large, inflamed, 
boggy-feeling plaque with alopecia. Serous drainage 
and crusting are also present. These plaques are very 
tender to palpation, and children complain of pain  
even when the lesions are not manipulated. Alopecia 
overlies the plaque, and if it is severe, a kerion can  
lead to permanent scarring alopecia. Posterior occipital 
and cervical adenopathy is present and tender to palpa-
tion. The kerion often become impetiginized with 

general public, because of personal involvement or that 
of someone they know. This fungal infection is seen in 
two predominant types, the interdigital type and the 
moccasin type. The interdigital subtype forms macer-
ated, red patches in the toe web spaces. The areas  
can become pruritic and can lead to onychomycosis. 
Moccasin-type tinea pedis involves the entire foot and 
is the less common of the two types. T. rubrum is the 
most frequent isolate in these cases.

Tinea manuum, also most frequently caused by T. 
rubrum, predominantly affects one hand only. It is com-
monly seen in association with bilateral tinea pedis and 
therefore has been called “one hand two feet disease.” 
The reason that it affects only one hand is unknown. 
The most frequent complaint is itching and the appear-
ance of the red annular patches.

Majocchi’s granuloma is a form of fungal folliculitis 
caused by one of the dermatophyte species. It is univer-
sally seen in patients who have been treated with corti-
costeroids for a presumed form of dermatitis. As the 
patient continues to apply the steroid cream to the 
patch of fungal infection, the redness spreads, and pus-
tules may form within the affected region. The pustules 
are based on a hair follicle, and the hair may be absent 
or easily pulled from the region with minimal or no 
discomfort. Removal of the hair and use of a potassium 
hydroxide (KOH) preparation allows the fungus to be 
seen. This form of folliculitis must be treated with a 
systemic agent, because the topical antifungals do not 
penetrate deep enough into the depths of the hair fol-
licle or into the hair shaft, as would be required to treat 
an endothrix fungus. Fungal species are designated as 
endothrix or ectothrix species based on their ability to 
penetrate the hair shaft epithelium.

Tinea capitis is seen almost exclusively in children 
and is most commonly caused by T. tonsurans. This 
infection begins as a small, pruritic patch in the scalp 
that slowly expands outward. Hair loss is prominent 
because the fungus invades the hair shaft and can cause 
the hair to break. A frequent clinical sign is “black dot” 
tinea. This is the clinical finding of tiny, broken-off 
hairs that appear as black dots just at the level of the 
scalp. Posterior occipital adenopathy is always seen in 
cases of tinea capitis, and its absence should make one 
reconsider the diagnosis. If a child presents with a scaly 
patch in the scalp and associated hair loss, it should be 
treated as tinea capitis until proven otherwise. A KOH 
examination of the hair or of a scalp scraping often, but 
not always, shows evidence of a dermatophyte. A fungal 
culture can be used in these cases to confirm the diag-
nosis if the KOH examination is negative. The culture 
sample is easily obtained by rubbing the scaly patch 
with a toothbrush and collecting the scale that is 
removed in a sterile container. The cultures are grown 
in the laboratory on dermatophyte test medium (DTM), 
and growth is often seen in 2 to 4 weeks. Tinea capitis 
requires at least 6 weeks of systemic oral therapy to 
clear, and all the patients’ pets, especially cats, should 
be evaluated by a veterinarian for evidence of disease.

A kerion is a boggy plaque found on occasion in tinea 
capitis that results from a massive immune inflamma-
tory response to the causative fungal agent. The fungi 
most likely to cause this reaction are in the zoophilic 

Tinea cruris (female)
Tinea cruris (male), “jock itch,”
a very common infecton in males

TINEA CRURIS AND TINEA CAPITIS

Tinea capitis. Scaly patches with associated alopecia

bacteria, especially Staphylococcus species. Treatment is 
based on the use of systemic oral antifungals in associa-
tion with an oral corticosteroid to decrease the massive 
inflammatory response. Any bacterial coinfections  
must be treated at the same time. Scarring alopecia  
may be permanent and may lead to morbidity for the 
child.

Tinea unguium, or onychomycosis, is clinically rec-
ognized by thick, dystrophic, crumbling nails. One or 

DERMATOPHYTOSES (Continued)
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topical azoles are used equally as often and also show 
excellent therapeutic results. Twice-daily treatment for 
2 to 4 weeks usually is an effective treatment course. 
The importance of cleaning and drying the involved 
skin thoroughly cannot be understated. The fungi  
do not like to live in dry environments, and these  
simple steps can help treat and prevent the disease. 
Immunosuppressed individuals with widespread disease 
are candidates for oral antifungal agents.

all the nails on a foot or hand may be involved. Toenail 
infection is much more common than infection of the 
fingernails. Most patients start with tinea pedis, after 
which the fungus spreads to infect the nail plate. This 
results in thickening and yellowing of the nail. Over 
time, the nail becomes thickened with subungual debris 
that is easily removed with a blunt instrument such as 
a curette. The nail may become onycholytic and fall off 
the nail bed. Patients are most frequently asymptom-
atic, but some complain of discomfort and difficulty 
clipping their nails. Diabetic patients and those with 
peripheral vascular disease are at risk for bacterial cel-
lulitis. The dystrophic nails serve as a nidus for infec-
tion with various bacteria. Nail disease requires the use 
of systemic oral medications to get the best therapeutic 
response. Topical agents have shown some benefit, but 
only for very mild nail involvement. A deep green dis-
coloration under the nail is an indication of Pseudomonas 
nail colonization. The bacteria make a bright green 
pigment that is easily visible. Soaks in acetic acid 
(vinegar) diluted 1â•›:â•›4 in water are effective in clearing 
up the secondary Pseudomonas.

Dermatophytid reactions can occur with any derma-
tophyte infection. They are infrequently seen. They 
manifest as monomorphic, pink-red, scattered papules. 
They are typically pruritic and are most commonly seen 
in patients with a tinea capitis or kerion infection. 
Another manifestation of dermatophytid reactions is a 
deep vesicular reaction on the palms or soles. This can 
closely mimic dyshidrotic dermatitis. Treatment of the 
underlying fungal infection clears the dermatophytid 
reaction. Topical or oral corticosteroids may be used for 
relief until the fungal infection is cured.

The easiest, most sensitive, and most specific means 
of diagnosing the infection is by KOH examination. A 
scraping of the leading edge of the rash is taken and 
placed on a slide; KOH is added, and the preparation is 
heated for a few seconds. It is then viewed under a micro-
scope for the characteristic branching and septated fungi 
of a dermatophyte. This method does not allow specia-
tion of the fungus, which requires growth of cultures on 
fungal growth media. Each fungus has characteristic 
growth requirements and appears slightly different on 
microscopic evaluation of the cultured colonies.

Histology: Tinea corporis infections are rarely biop-
sied. When they are, one sees on close inspection fungal 
hyphae within the stratus corneum. Hyphae can be 
demonstrated with various staining methods. Neutro-
phils are the predominant cell type seen in the stratum 
corneum.

Pathogenesis: Dermatophyte infections are preÂ�
dominantly caused by three fungal genera: Trichophyton, 
Microsporum, and Epidermophyton. Multiple species 
within each of the first two genera have cutaneous 
effects; Epidermophyton floccosum is the only known 
species in the last genus to cause skin disease.  
Other genera have been implicated, but 99% of derma-
tophyte infections are caused by these three genera  
of fungi.

Treatment: Topical antifungal agents are the main-
stay of treatment for tinea corporis, pedis, manuum, 
and cruris. Terbinafine is a topical fungicidal agent that 
has excellent efficacy against dermatophytes. The 

Area typically affected
by interdigital tinea pedis

The two most common forms of tinea pedis are interdigital and moccasin.

Moccasin form
of tinea pedis

Area typically affected
by the moccasin form
of tinea pedis

Distal and lateral subungual onychomycosis (DLSO)
The most common form of onychomycosis. The fungus
invades under the free edge of the nail and migrates
proximally to involve the nail bed.

Onychomycosis. Classification by portals of entry

PSO secondary
to paronychia
Fungus from the
lateral and/or
proximal nail folds
reaches the nail
plate through the
injured cuticle.

Proximal subungual
onychomycosis (PSO)
Proximal white subungual
onychomycosis (PWSO)
Fungus infection reaches
the nail plate via the cuticle,
eponychium, or ventral
face of the proximal
nail fold.

Tinea unguium

Tinea pedis
TINEA PEDIS AND TINEA UNGUIUM

Superficial
white ony-
chomycosis
(SWO)
The fungus
infects
the dorsal
surface of
the nail.

Onycholysis
(detachment
of the nail
from its bed)

Subungual
hyperkeratosis

Yellow
longitudinal
spikes

Crumbling Splitting

Oncholysis, subungual hyperkeratosis,
splitting, crumbling and yellow long-
itudinal spikes are clinical features
of distal and lateral subungual
onychomycosis.

Tinea capitis, tinea barbae, Majocchi’s granuloma, 
and onychomycosis all require oral systemic treatment. 
Topical antifungals are ineffective in these cases because 
they do not penetrate deeply into the hair shaft or into 
the nail plate. Topical antifungals may be used in con-
junction with the oral agents. The two most commonly 
prescribed oral antifungals are terbinafine and griseo-
fulvin. The azole antifungal agents have also been used 
with excellent efficacy rates.

DERMATOPHYTOSES (Continued)
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Herpes infection of the genital region is spread by 
sexual contact and is one of the most common of all 
sexually transmitted diseases. Initial episodes of genital 
herpes infection manifest with fever, adenopathy, and 
painful ulcerations and blistering of the affected region. 
The primary episode is always more severe than subse-
quent reactivations of the virus. The ulcerations are 

HERPES SIMPLEX VIRUS

Herpes simplex virus type 1 (HSV1) and type 2 
(HSV2) are the two viruses that are responsible for  
the proÂ�duction of both mucocutaneous and systemic 
disease. Mucocutaneous disease is overwhelmingly 
more common than systemic disease such as HSV 
encephalitis. HSV infections are ubiquitous in humans, 
and almost all adults develop antibodies against one  
of these viruses. Most infections are subclinical or so 
mild that they are never recognized by the patient. 
HSV infections are predominantly oral or genital. The 
virus becomes latent in local nerves and can be reacti-
vated to produce future outbreaks. Currently, there  
are eight known herpesviruses that infect humans, 
including HSV1 and HSV2. HSV infections can  
cause severe, life-threatening central nervous system 
(CNS) disease in immunocompromised patients  
and in neonates. Many unique cutaneous forms of 
HSV have been described with their own clinical 
characteristics.

Clinical Findings: HSV can be spread from infected 
to uninfected individuals by close contact (e.g., kissing, 
sexual contact). The virus is shed from the infected host 
both when active lesions are present and when no clinical 
evidence of disease can be seen. It is believed that sub-
clinical shedding of the virus is responsible for a great 
deal of transmission. HSV can cause oral labial disease 
(gingivostomatitis or herpes labialis) or genital disease, 
the main mucocutaneous forms of the disease. Most 
cases of oral labial disease are caused by HSV1, and 
genital disease is caused predominantly by HSV2. This 
is not always the case, and one can no longer assume the 
viral type from the clinical location of disease. HSV 
infections in other areas are becoming more common, 
and recurrent bouts of disease on the buttocks is one of 
the most frequently seen presentations.

The initial HSV infection can be subclinical, mild, 
or severe. Subsequent reactivation of the virus typically 
never approaches the severity seen in the initial primary 
infection. The exception occurs with immunosup-
pressed patients, in whom a widespread or chronic 
localized version of the infection may occur. Primary 
infection manifests with severe, painful mucocutaneous 
blistering and erosions. Primary oral labial herpes can 
lead to weight loss, fever, gingivitis, and pain. This is 
most commonly seen in children and is associated with 
tender cervical adenopathy. The infection spontane-
ously resolves within 2 to 3 weeks. If treated, the disease 
may be slightly decreased in length and severity, but this 
is highly dependent on the timing of diagnosis and 
initiation of therapy.

Herpes labialis is the term given to recurrent episodes 
of oral labial herpes. The episodes are milder than the 
primary infection and often start with a prodrome. 
Most patients complain of a tingling or painful sensa-
tion hours to a day before the appearance of herpes 
labialis. Patients can use this knowledge to their advan-
tage and begin antiviral therapy at the first indication 
of recurrence to decrease the severity of the episode or 
abort it all together. Herpes labialis, also known as a 
cold sore, appears as a vesicle or bulla that quickly 
breaks down and forms an erosion and crusted papule 
or plaque. The lesions last for a few days to 1 week and 
can cause significant psychological issues.

grouped vesciulopustules on an erythematous base. 
They are extremely tender and easily rupture to form 
shallow ulcerations that appear “punched out” with an 
overlying serous crust. The cervix is often involved, and 
scarring can occur. Genital herpes infection almost  
universally causes dysuria and inguinal adenopathy that 
is tender.

LESIONS OF HERPES SIMPLEX

Regional tender
lymphadenopathy
is commonly seen
in genital herpes.

Marked edema and vesicle
formation in primary herpes

Grouped vesiculopustules
on a tender red base

Primary HSV disease is almost
always more severe than
reactivation of HSV.

Autoinoculation lesions
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Rapid immunostaining is available and can be used 
with high sensitivity and specificity to diagnose and 
differentiate the various herpesvirus types. This form 
of direct fluorescent antibody (DFA) testing is similar 
to the Tzanck preparation. As in the Tzanck prepara-
tion, scrapings of the blister base are placed on a glass 
microscope slide. The slide is stained with antibodies 
corresponding to the various herpesviruses. The sample 
is viewed under fluorescent microscopy, and a positive 

Recurrent episodes of genital herpes produce a 
milder version of the primary infection. The systemic 
constitutional symptoms are often absent, but the 
grouped vesicles and ulcers can cause excruciating pain 
and social stigma. The frequency and severity of recur-
rent episodes in an individual patient are variable and 
impossible to predict. A generalization can be made that 
those who have more severe primary infections tend to 
have more relentless recurrences.

Herpetic whitlow is the name given to a specific form 
of infection that is most commonly seen in medical 
laboratory workers and health care providers. It occurs 
from accidental inoculation of the herpesvirus into the 
skin. The finger is the area most commonly involved, 
because of accidental needle sticks. A painful primary 
viral infection may occur at the site of inoculation.

Eczema herpeticum, Kaposi’s varicelliform eruption, 
is often encountered in a young child with severe atopic 
dermatitis who is exposed to the herpesvirus. Because 
of the widespread skin disease, the virus is able to infect 
a large surface area of the body. This results in extensive 
skin involvement with multiple vesicles and punched-
out ulcerations.

The transmission of HSV from mother to child 
during the birthing process is of significant concern, 
and mothers with active HSV disease at the time of 
delivery most likely should undergo cesarean section to 
help decrease the risk of transmission. Neonatal HSV 
infection is a life-threatening disease. The neonate may 
have widespread multiorgan disease, with CNS involve-
ment being the major cause of morbidity and mortality. 
Temporal lobe involvement can lead to seizures, 
encephalitis, and death. The skin is always infected, and 
this is a clue for the clinician to search for other organ 
system involvement, especially involvement of the CNS 
and the eye. Ocular infection can lead to severe corneal 
scarring and blindness.

HSV encephalitis is a life-threatening disease that 
causes a necrotizing encephalitis. Patients complain of 
an acute onset of fever and headache, with rapidly 
evolving seizures and focal neurological deficits. 
Without treatment, coma and death occur in three 
quarters of affected patients. The temporal lobes and 
insula are almost always affected. Prompt recognition 
and therapy have decreased the mortality rate to 1 in 4.

A Tzanck preparation is a long-used bedside proce-
dure that takes only a few minutes to perform and is 
positive in cases of HSV1, HSV2, or varicella-zoster 
virus (VZV) infection. The procedure does not differ-
entiate among the three viruses. However, HSV infec-
tion can be distinguished from varicella clinically. The 
procedure is done by unroofing a vesicle and scraping 
its base with a no. 15 blade scalpel. The scrapings are 
placed on a glass slide and allowed to air dry for 1 to 2 
minutes. A blue stain such as Giemsa or toluidine blue 
is applied for 60 seconds and then gently rinsed off. The 
slide is dried, mineral oil is applied, and the preparation 
is covered with a microscope cover slip. It is then ready 
to be viewed. Multinucleated giant cells are readily seen 
throughout the sample, confirming the viral etiology of 
the blister.

sample fluoresces with one of the specific viral stains. 
This test takes 1 to 2 hours to perform.

Viral tissue cultures can also be performed to dif-
ferentiate the HSV types, but the results can take days 
to 1 week to obtain. This is the most sensitive and 
specific test for the infection.

Histology: Examination of a biopsy specimen of a 
blister shows ballooning degeneration of the epidermal 
keratinocytes. This degeneration forms the blister 

LESIONS OF HERPES SIMPLEX (CONTINUED)

Ulcerative lesions of genitalia
seen in chronic HSV and during
healing of vesicular stage

Herpes progenitalis

Vesicles

Tender grouped vesicles on a red base

Ruptured vesicle
causing a thin
erosion

Herpes genitalis. Regional adenoopathy is often appreciated.

HERPES SIMPLEX VIRUS 
(Continued)
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related medications include acyclovir, famciclovir, vala-
cyclovir, and topical penciclovir. Recurrent episodes of 
the disease can be treated at the time of outbreak or 
with a chronic daily suppressive regimen. Widespread 
eczema herpeticum, CNS infection, or infection in an 
immunosuppressed patient is probably best treated with 
intravenous antiviral medication. The acyclovir family 
of medications are converted to their active form by 
viral-specific thymidine kinase. After conversion, this 

cavity. There is a mixed inflammatory infiltrate around 
the superficial and deep dermal vascular plexus. Multi-
nucleated giant cells are found at the base of the blister 
pocket. The skin biopsy findings are unable to differ-
entiate HSV1 from HSV2 or from VZV infection.

Pathogenesis: HSV1 and HSV2 are double-stranded 
DNA viruses encased within a lipid envelope. Along 
with VZV, they are classified in the subfamily Alpha-
herpesvirinae. The five other human herpesviruses are 
classified slightly differently. The virus attaches to the 
host cells via specialized glycoproteins expressed on its 
lipid envelope. The lipid envelope then fuses with the 
host cell, allowing the virus to gain entry into the cyto-
plasm. Many glycoproteins are responsible for this 
attachment and fixation and the entrance into the host 
cell. The HSV capsid, which is an icosahedron-shaped 
structure, migrates from the cytoplasm to the nucleus 
of the cell. The viral capsid attaches to the nuclear 
membrane through the interaction of various mem-
brane proteins and is capable of transferring its DNA 
into the cell nucleus.

Once the HSV DNA has gained entrance into the 
nucleus, it can become latent and quiescent or can 
actively replicate new virus particles. When they are 
actively replicating, the HSV particles often have a 
cytotoxic effect on the affected cell after viral replica-
tion has occurred; this ensures the production of viral 
progeny and their release from the host cell. HSV is 
capable of hijacking the host cell’s replication protein 
apparatus. HSV uses the host cell DNA polymerase to 
replicate its DNA and uses the cellular machinery to 
produce proteins required for viral replication. The 
virus carries various DNA genes that can be expressed 
early during the course of infection or later when the 
virus is ready to produce progeny. The early gene prod-
ucts are important for replication and regulation of the 
viral DNA genes. The late gene products encode the 
viral capsid. Once the viral elements have been pro-
duced in sufficient quantity and in the proper ratio, the 
viral particles spontaneously converge to produce a 
capsid, which encapsulates the viral DNA. This occurs 
within the host cell nucleus. The virus then passes 
through the nuclear membrane and the cytoplasmic 
membrane, acquiring its lipid bilayer. At this point, the 
virus is free to infect another host.

Alternatively, after it enters the cell’s nucleus, the 
virus may become latent. This is particularly the case 
in neural tissue. The viral DNA inserts itself into the 
host DNA, where it lies dormant and hidden from 
expression until reactivation occurs at some later time. 
It accomplishes this by specialized folding of the DNA 
and histone complex so as not to allow for viral gene 
expression. When the virus is reactivated and ready to 
produce viral particles, this mechanism of latency is 
somehow deactivated, allowing for viral reproduction.

Treatment: Therapy and its efficacy are highly 
dependent on the timing of administration. Antiviral 
medications work by inhibiting viral synthesis, and they 
work best when used early in the course of disease. 
Primary infections should all be treated with one of the 
antiviral agents in the acyclovir family. These closely 

metabolite is a potent inhibitor of viral DNA polymer-
ization. These medications are highly specific for the 
viral enzymes and have an excellent side effect profile. 
Acyclovir-resistant HSV has become well recognized 
and is best treated with foscarnet. Foscarnet does not 
require modulation by thymidine kinase to become an 
active inhibitor of HSV replication, thereby bypassing 
the HSV resistance mechanism. No medication to date 
has shown activity against latent viral infection.

HERPES SIMPLEX VIRUS ENCEPHALITIS

Possible route of transmission in HSV encephalitis

Ophthalmic
branch

Maxillary branch

Mandibular
branch

Meningeal
branches

Trigeminal
ganglion

CN V Temporal lobe

Primary infection Latent phase Reactivation (lytic phase)

Virus enters via cutaneous or
mucosal surfaces to infect sensory
or autonomic nerve endings with
transport to cell bodies in ganglia.

Virus replicates
in ganglia before
establishing latent
phase.

Reactivation of HSV in trigeminal
ganglion can result in spread to brain
(temporal lobe) via meningeal branches
of cranial nerve V.

Clinical features of HSV encephalitis

Typical features of acute onset include
fever, headache, and mental status and
behavior changes with or without
focal signs localizing to temporal
lobe (dysphasia and bizarre
behavior may localize).

Seizure activity is common,
often within 1 week of
initial symptoms.

Elevated opening
pressureLumbar puncture for

analysis of CSF viral
DNA, cytology, and
chemistries

MRI demonstrating
temporal lobe
involvement is a
diagnostic cornerstone.

PCR amplification of
HSV DNA from cerebro-
spinal fluid provides
major diagnostic infor-
mation and is very
sensitive.

HSV encephalitis CSF
cytology and chemical
studies typically show
WBC:  moderate
RBC:  +/– 
Protein:  moderate
Glucose:  normal

HSVHERPES SIMPLEX VIRUS 
(Continued)
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preexposed or newly exposed patient becomes immu-
nosuppressed, the patient is at risk for disease reactiva-
tion and serious sequelae.

Treatment: Most cases of primary pulmonary disease 
go undiagnosed, and the patient’s immune system con-
tains the fungus. In those patients with mild pulmonary 
symptoms who are not immunocompromised, therapies 
can be withheld, because most cases resolve sponÂ�
taneously. Patients who have more severe disease or are 

HISTOPLASMOSIS

Histoplasmosis is endemic in the Ohio River Valley but 
exists throughout North America and is also seen in 
Central and South America. It is a primary pulmonary 
disease, with the skin being secondarily involved in dis-
seminated disease; however, isolated cutaneous disease 
can result from direct inoculation. The disease is typi-
cally seen in immunocompromised patients. Patients 
typically breathe in the infective spores, which lodge in 
the pulmonary tree. Most infections are subclinical.

Clinical Findings: The disease is seen primarily in 
immunocompromised patients. Other risk factors 
include occupations that increase the patient’s contact 
with bat or bird droppings in an endemic region.  
The fungus is not found within bird droppings, but  
the droppings provide the perfect environment for the 
fungus to grow and reproduce. Patients inhale the 
spores into the lungs. Most have no symptoms. Some 
have mild flu-like symptoms that go undiagnosed or 
misdiagnosed as an upper respiratory infection. The 
primary infection heals, and the lungs may have visible 
findings on chest radiography. Variable radiographic 
findings are seen. Small, symmetrically located areas of 
hilar miliary calcification are the most common finding. 
Other lung findings can mimic those of tuberculosis, 
lung cancer, or metastatic cancer. Bilateral hilar ade-
nopathy may be seen, as may lobar pneumonia.

Dissemination of the disease to other organs can 
occur in the immunocompromised host. The skin is 
commonly affected in disseminated disease. The skin 
findings often appear as papules, plaques, or nodules 
with varying degrees of ulceration. Subcutaneous 
abscess formation may occur, and fistulas and sinus tract 
formation may be prominent. Surrounding redness may 
give the appearance of cellulitis. Adenopathy in the 
draining lymph nodes is commonly appreciated. The 
diagnosis is dependent on the histological findings and 
the culture results.

Histology: Skin biopsy specimens show pseudocarci-
nomatous hyperplasia of the epidermis with an underly-
ing granulomatous infiltrate. Ulceration and abscess 
formation are not uncommon with widespread necrosis. 
The yeast-like organisms can be appreciated in the 
cytoplasm of histiocytes. This is one of the few infec-
tions in which one sees phagocytized histiocytes. The 
yeast structures are round to oval, and there may be a 
clear region surrounding the yeast cell. Yeast organisms 
are also appreciated within the dermis, between and 
within the inflammatory infiltrate. They can be high-
lighted by use of special histology stains such as the 
periodic acid–Schiff stain or the Grocott silver stain.

The fungus is best cultured on Sabouraud’s media. 
The fungus in its mycelial phase grows slowly. It appears 
as a brown, fluffy fungus on culture.

Pathogenesis: Histoplasma capsulatum is a dimorphic 
fungus that is responsible for a wide range of infections 
including pulmonary, pericardial, and cutaneous dis-
eases. The fungus is ubiquitous in nature and is found 
in soil, where it lives as a saprophyte. Spores from the 
mycelial phase of the fungus are inhaled or inoculated 
directly into the skin. Once they have entered the body, 
the change in temperature causes transformation of the 
spores into the yeast form of H. capsulatum. Most infec-
tions go unnoticed, and most of the others induce a 
subclinical scenario or a mild, flu-like illness. Most 
cases are self-contained, and the only evidence of 
disease is the formation of granulomas within the lungs 
and a positive skin delayed-hypersensitivity test. If a 

immunocompromised should be started on therapy 
with one of the three most efficacious and best-studied 
medications: fluconazole, itraconazole, or amphotericin 
B. Treatment may be prolonged. Patients who are 
found to have the acquired immunodeficiency syn-
drome benefit from directed therapy against the human 
immunodeficiency virus. Patients taking chronic immu-
nosuppressants should have their medications discon-
tinued or decreased, if possible.

Ulcerating plaque of tongue
due to histoplasmosis. Lesion
may be identical in appearance
to carcinoma of tongue.

Mycelial or free-living phase of H. capsulatum as it
exists in nature or in culture

Spores of mycelial phase of
H. capsulatum. Inhalation of these
is the source of infection.

Dimorphic fungus. H. capsulatum in tissue H. capsulatum in a macrophage, termed
a phagocytized histiocyte. In this yeast or
tissue phase, the organism is not
transmissible from person to person.
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dermal infiltrate is made up of plasma cells, lympho-
cytes, and foamy histiocytes. The histiocytes, when 
observed under oil immersion, show numerous bacteria. 
Bacteria are also seen scattered throughout the dermis.

Treatment: Guidelines for the treatment of leprosy 
have been established by the World Health OrganiÂ�
zation (WHO), and one should always refer to the  
most recent information when treating this disease. 

LEPROSY (HANSEN’S DISEASE)

Leprosy is a chronic multisystem disease with cutane-
ous findings that is caused by the bacteria, Mycobacte-
rium leprae. It also goes by the name Hansen’s disease. 
Gerhard Hansen was the Norwegian physician who 
first described M. leprae as the cause of leprosy in 1873. 
Leprosy is most prevalent in regions of Africa, South-
east Asia, and South America, and it can be seen in 
isolated regions of North America.

Clinical Findings: Cutaneous findings often begin as 
a solitary hypopigmented macule. The area of involve-
ment often has a loss of sensation and temperature 
discrimination. This initial phase has been termed inde-
terminate leprosy. At this point, it is unknown what type 
of overall immune response the host will mount. After 
a period of time, if the host’s cell-mediated immune 
response is able to keep the bacteria in check, the 
patient develops tuberculoid leprosy or paucibacillary 
leprosy. Tuberculoid leprosy manifests with one to 
three patches or plaques. The border tends to be raised, 
with a central depression. Adnexal structures, such as 
hair, are lost, and the lesions are often hypopigmented. 
This form of leprosy tends to affect the peripheral 
nerves (e.g., median nerve, ulnar nerve). Palpation of 
the involved nerve demonstrates enlargement and 
irregularly spaced nodules. Nerve involvement leads to 
impairment of the innervated skin and muscle.

Those patients who do not mount a strong cell-
mediated immune reaction develop lepromatous 
leprosy or multibacillary leprosy. Up to hundreds of 
hypopigmented patches and plaques may be present. 
Hair loss may occur in the affected skin and along the 
eyelashes and eyebrows. This form of leprosy can affect 
many nerves in a widespread region, leading to neu-
ropathy. There are varying degrees of cell-mediated 
immune response, and the disease is classified by the 
Ridley-Jopling system.

Pathogenesis: M. leprae is an acid-fast mycobacterium 
that is found in environments where the temperature 
averages approximately 29°C. Most likely, the bacte-
rium is inhaled and subsequently invades the skin and 
other tissues by hematogenous spread. This bacterium 
is classified as an obligate intracellular organism. It sur-
vives within histiocytes, in which it is protected from 
host defense systems. Infected individuals with a poor 
immune response develop lepromatous leprosy, whereas 
those with an excellent response develop tuberculoid 
leprosy. Several genes are being evaluated as potential 
susceptibility markers, because it appears that the 
organism is not highly contagious. It is estimated that 
only 5% of those exposed eventually develop disease. 
This bacterium is highly unusual in that it can infect 
peripheral nerves. The bacterium expresses a protein, 
phenolic glycolipid 1 (PGL-1), that has the ability to 
bind to peripheral nerve cells. This allows initial entry 
into the host and provides the bacteria with a place to 
replicate. Many other tissue types can be infected.

Histology: The skin biopsy can be extremely helpful 
in confirming or making the diagnosis of leprosy. The 
biopsy findings are highly dependent on the type of 
leprosy the patient develops. Biopsies of paucibacillary 
leprosy show a granulomatous infiltrate with few bac-
teria present. The bacteria can be sparsely located, and 
the tissue must be stained with a modified acid-fast stain 
(Fite method) to appreciate the small, red, rod-shaped 
bacteria. These can be seen only with an oil-immersion 
objective.

In multibacillary leprosy, the infiltrate is a mixed 
dermal infiltrate with an overlying Grenz zone. The 

Treatment is based on the bacillary load. Paucibacillary 
disease can be treated with a regimen of rifampin, 
minocycline, ofloxacin, and dapsone. The treatment 
schedule varies during the course of therapy, which is 6 
months long, and following the protocol is extremely 
important. Multibacillary disease requires longer 
therapy and uses a combination of dapsone, clofazi-
mine, and rifampin.

Based on Leprosy prevalence, beginning of 2009. WHO.

Typical early pattern of sensory
loss in leprosy (Hansen disease)
tends to affect cooler skin areas
not following either segmental or
nerve distribution; area kept warm
by watchband is not affected.

Biopsy specimen of nerve reveals abundant 
acid-fast bacilli (M. leprae).

Multiple patches seen in 
lepromatous leprosy; central
healed areas tend to be
hypesthetic or anesthetic
(dimorphous leprosy).

Late-stage finger
contractures with
ulcerations due to
sensory loss

Patches and plaques
on face and ears

Prevalence rates
(per 10,000 population)

No data
2 and above
1.5–2.0
1.0–1.5
Less than 1
0 (no cases reported)
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eyelashes and eyebrows. This is important to look for 
clinically, to appropriately treat all affected regions.

Pediculosis corporis (body lice infestation) is com-
monly seen in homeless individuals and in those with 
poor hygiene. Historically, body lice have been associ-
ated with epidemics during times of war, because close 
contact for extended periods leads to easy transfer from 
one host to another. The body louse, Pediculus humanus 
corporis, is indistinguishable from the head louse on 

LICE

Lice are nonflying insects that live off the blood meal 
from a human host. They have been human pathogens 
for thousands of years and continue to cause millions 
of cases of disease annually. Three variants of the louse 
exist: the head louse, the body louse, and the pubic 
louse. For the most part, lice cause localized skin disease 
from the biting they do to secure their blood meal. 
However, some lice have been known to transmit other 
diseases to humans. The most important infectious 
agents transmitted by body lice are the bacteria that 
cause epidemic typhus, relapsing fever, and trench 
fever. These infections are uncommon in the United 
States and North America but are still seen, and one 
should be aware of their causes and vectors.

Clinical Findings: Lice are capable of infesting any 
human, independent of age, sex, or race. Body lice are 
seen more frequently in patients of low socioeconomic 
status and especially in homeless individuals. Underly-
ing mental health issues in this subset may also predis-
pose one to conditions that are opportune for infestation. 
Pubic lice, or “crabs,” is a sexually transmitted disease 
that is seen in younger adults more frequently than in 
other age groups; however, it has been reported to 
occur in people all ages.

Pediculosis capitis (head lice infestation) is probably 
the most common louse infestation in North America 
and Europe. The louse, Pediculus humanus capitis, pref-
erentially locates to the scalp and lives between the hair 
shafts. These lice are transmitted by close contact and 
from fomites such as combs, pillows, and head rests. 
Patients complain of severe itching on the scalp and 
neck. On inspection, small (1-2â•¯mm), red, excoriated 
papules are seen. Evidence of scratching becomes 
prominent as time goes on without a diagnosis. The 
diagnosis is confirmed by finding a louse, which is typi-
cally 2 to 4â•¯mm long and light brown in color. On 
occasion, the abdomen of the louse can appear red, 
which is the case directly after a blood meal. These 
insects are not particularly fast moving, nor can they  
fly or jump; as a result, they are easy to capture and 
identify. Egg sacks (nits) are firmly adhered to the hair. 
This is in contrast to the common hair cast, which can 
easily be moved up and down the hair shaft with 
minimal effort. The nits are laid in close proximity to 
the scalp, usually within 0.5â•¯mm. The nits hatch within 
2 weeks. Therefore, nits found more than 2â•¯cm from 
the scalp are often nonviable, and the larva has already 
emerged from the nit. Persistent infections can lead to 
bacterial superinfection and pyoderma with cervical 
adenopathy.

Pediculosis pubis (pubic lice infestation) is a com-
monly acquired sexually transmitted disease. The pubic 
louse, Phthirus pubis, is structurally different from the 
body or head louse and can easily be distinguished. 
Patients complain of itching and often note pinpoint 
drops of blood in their undergarments. This is caused 
by small amounts of bleeding after the pubic lice feed. 
These lice have specialized arms that allow them to 
climb around the entire human body, and they may be 
seen at any location. They have a tendency to affect the 

inspection with the naked eye. Entomologists trained 
in differentiating the species are capable of discerning 
the two. Body lice live on the clothing and leave it to 
feast on human blood. Patients present with multiple 
pruritic, red to pink, excoriated papules anywhere on 
the body. On inspection of the skin, one typically will 
not find lice. It is only with close inspection of the 
clothing or bedding material that the infestation 
becomes apparent. Hundreds to thousands of lice may 

Pediculosis
pubis (exposure
of pediculi on hair)

Maculae ceruleae. Faint, light
blue macules on lower abdomen
and upper thighs

Phthirus pubis
“crab louse”

CLINICAL MANIFESTATIONS OF PUBIC LICE
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Intense itching in pubic area
(often nocturnal) is a hallmark
of parasitic infection, and
excoriations are common.

Clinical findings
CLINICAL FINDINGS AND MANAGEMENT OF LICE

Management

Bluish skin discolorations
(maculae ceruleae) are often
seen with Phthirus pubis infestations.

Secondary infection of
excoriations or bites may
yield impetiginized lesions.

Examination of pubic area and pubic
hair may reveal ova and parasites.

Phthirus pubis Phthirus pubis egg case (nit) on pubic
hair. The egg case is firmly attached.

Insecticide

Increased general hygiene and treatment of
household members and all sexual partners
with insecticide shampoos and creams

General house cleaning
with emphasis on disinfection and
laundering of underclothing and bedding

with
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be present on the clothing, particularly in small hiding 
spaces such as the seams. Along with the lice, many eggs 
and larvae may be seen.

The body louse has been shown to be a carrier of the 
bacterial agents that cause relapsing fever, trench fever, 
and epidemic typhus: Borrelia recurrentis, Bartonella 
quintana, and Rickettsia prowazekii, respectively. The 
louse carries the bacteria within its gut.

B. recurrentis is responsible for causing the disease 
relapsing fever. It is transmitted from one human to 
another when the fecal material of a human body louse 
gains entry into the bloodstream. This bacterium is 
unique in that it can rearrange its surface proteins. This 
is believed to be the reason for the relapsing and recur-
rent fevers: The host immune system reacts in a peri-
odic manner to the changing surface of the bacteria.

B. quintana is a bacterium that is transmitted through 
the feces of the louse. After a louse defecates on a 
patient’s skin and the patient scratches, the stool and 
the bacteria are implanted into the skin, which causes 
infection. Also, the louse often bites after defecating 
and causes skin trauma that transfers the bacteria into 
the skin. B. quintana is the etiologic agent of trench 
fever, bacillary angiomatosis, and peliosis and has also 
been shown to cause endocarditis. B. quintana infections 
are most commonly seen in patients who are infected 
with the human immunodeficiency virus and in home-
less individuals.

R. prowazekii is an obligate intracellular parasite that 
is transmitted to humans through the feces of the 
human body louse. The natural environmental reser-
voir for this bacterium is the flying squirrel (Glaucomys 
volans). The infected louse feeds on the human, and the 
fecal material that contains the R. prowazekii bacteria is 
deposited into the fresh wound, allowing for infectious 
transfer. This infection is most frequently seen during 
times of war, when individuals are in close contact with 
one another for significant periods. Signs and symp-
toms of epidemic typhus include fever, rash, pain, delir-
ium, and other constitutional symptoms.

Pathogenesis: P. humanus capitis affects humans and 
has a high propensity to infest the scalp. These lice live 
on the host and periodically take a blood meal from the 
scalp or neck area. In patients with very long hair, the 
blood meal may be taken from the back or any area of 
skin that is in contact with the hair. The lice are able 
to reproduce rapidly. The females, which are a bit larger 
than the males, lay eggs that hatch and develop into 
adults capable of reproducing within 4 weeks.

Histology: The histological findings on skin biopsy 
are similar among all forms of louse bites. Histological 
evaluation cannot differentiate a louse bite from any 
other insect bite with certainty. Skin biopsies are rarely 
performed in these cases, because the diagnosis is made 
clinically. Biopsy specimens show a nonspecific, mixed 
superficial and deep inflammatory infiltrate with eosin-
ophils. This may suggest a bite reaction. Unlike tick 
bites or scabies, in which occasionally tick parts or 
scabies mites are seen in a biopsy specimen, a biopsy 
from a patient with a lice infestation will never show 
mouth parts or other elements of the louse.

Treatment: Therapeutic agents to treat lice are 
similar among all species of human lice. The most 
commonly used therapies are based on permethrin; 
when used appropriately, they show good cure rates. 
These treatments should be used in conjunction with 
an agent that helps remove the nits from the hair 
shafts, and physical removal with a lice hair comb is a 
must. Therapy should be repeated on a weekly basis. 
Bedding and clothing need to be disinfected. The use 

of lindane has decreased because of its potential neuro-
toxicity. Malathion and oral ivermectin show excellent 
efficacy. Oral ivermectin needs to be repeated in 1 
week, because it does not kill the developing larvae 
within the nits.

Therapy for body lice also requires complete disin-
fection of the household or living areas. Overtly infested 
clothing should be thrown away. Professional fumiga-
tion should be considered.

LICE (Continued)
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Treatment: Treatment of erythema migrans consists 
of a 3-week course of doxycycline. The therapy is 
highly effective and has an excellent safety profile. 
Amoxicillin can be used for patients who cannot take 
doxycycline and for young children. Central nervous 
system involvement requires intravenous therapy with 
ceftriaxone or penicillin. Prevention is critically impor-
tant. Permethrin-based insect repellants are effective  
at repelling deer ticks. Clothing impregnated with 

LYME DISEASE

Lyme disease is a tickborne infection caused by the 
spirochete bacteria, Borrelia burgdorferi. The deer tick, 
Ixodes scapularis, is the main tick responsible for trans-
mitting the disease to humans. Discovered in 1975 in 
the Connecticut town of Lyme, this disease has become 
the most common tickborne disease in the United 
States. Most cases are reported in the spring, summer, 
and early fall, correlating with tick activity. The disease 
not only affects humans but has been reported to affect 
dogs, horses, and cattle.

Clinical Findings: Erythema migrans is the charac-
teristic cutaneous rash of Lyme disease. Erythema 
migrans typically manifests as a solitary “bull’s-eye” 
macule at the site of the tick bite. There is a central red 
macule surrounded by nonaffected skin, which is then 
entirely surrounded by an expanding erythema that 
blends in with the normal skin. The rash of erythema 
migrans is larger than 2â•¯cm in diameter. The rash mani-
fests soon after the tick has transmitted the bacteria  
into the skin. Occasionally, the central portion of the 
lesion forms a vesicle or bulla. Solitary skin lesions  
are the most frequent skin manifestation, but one  
can also encounter early disseminated Lyme disease. 
This results in multiple areas of skin involvement. The 
numerous skin lesions are smaller than the original 
lesion, lighter in color, and not as fully developed as 
bull’s-eye lesions. This early dissemination of B. burg-
dorferi occurs in one quarter of infected individuals. 
Most patients also exhibit constitutional symptoms at 
the time of diagnosis, including headache, fever, and 
malaise.

Erythema migrans occurs in approximately 75% of 
those infected with the spirochete. Individuals who do 
not exhibit the rash and those who go without treat-
ment are likely to develop chronic disease, which mani-
fests in many ways. Lyme arthritis is one of the most 
frequent manifestations of chronic Lyme disease; it is 
typically oligoarticular in presentation. Another of the 
more frequently seen manifestations is Bell’s palsy, 
which is caused by involvement of the central nervous 
system. The cardiovascular, nervous, musculoskeletal, 
and hematological systems may all be involved in 
chronic Lyme disease.

Histology: Skin biopsies of erythema migrans show a 
lymphocytic superficial and deep dermal infiltrate. 
Numerous plasma cells may be seen in conjunction with 
eosinophils. Spirochetes are seen in fewer than half of 
specimens. The pathological findings of erythema 
migrans are used to help confirm the clinical findings. 
However, one should not wait for the pathology report 
to treat a patient with clinical evidence of Lyme disease.

Pathogenesis: B. burgdorferi is a spirochete that is 
transmitted to humans via the bite of the deer tick  
(I. scapularis). The white-tailed deer and the white-
footed mouse are the two reservoirs for B. burgdorferi. 
These two animals are typically unaffected by the bac-
teria. The larval, nymph, or adult form of the I. scapu-
laris tick takes a blood meal from one of these reservoirs 
and acquires the bacteria. The spirochete causes the 
tick no harm and can survive in the gut of the tick for 
prolonged periods. The tick can then transmit the bac-
teria to an incidental host such as a human. TransÂ�
mission of the bacteria is increased the longer the tick 
is attached to the host. It is generally believed that  
a tick must be attached for 24 hours to transmit  
the bacteria.

permethrin can be purchased for those who spend time 
outdoors in endemic areas.

After being in a wooded region, people should check 
their skin for the presence of ticks and remove them 
immediately, because the transmission of the spirochete 
requires approximately 24 hours of attachment. This 
inspection method works for adult ticks, but the larvae 
and nymphs are too small to see routinely and are 
almost always overlooked.

Lyme disease
is spread by a
bite from an
Ixodes scapularis
tick that is
infected with
Borrelia
burgdorferi.

This may be an early or initial
symptom of a peripheral VII
nerve palsy: patient holds
phone away from ear because
of painful sensitivity to sound.
Loss of taste also may occur
on affected side.

Hyperacusis Left peripheral VII facial weakness

Bell’s Palsy: Common Manifestation of Chronic Lyme Disease

Left central VII facial weakness

Patient has an incomplete smile
with very subtle flattening of
affected nasolabial fold and
relative preservation of brow
and forehead movement.

Patient is unable to wrinkle
forehead; eyelid droops
very slightly; cannot show
teeth at all on affected side
in attempt to smile; and
lower lip droops slightly.

Attempt to close eye results in the
eyeball rolling superiorly, exposing
sclera (Bell’s phenomenon), but no
closure of the lid per se.

Early disseminated Lyme disease with
multiple bull’s-eye lesions of erythema
migrans. This is seen in up to 25%
of patients who develop Lyme disease.
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(elementary bodies), which are then released from the 
cell to infect other cells or hosts.

Histology: A skin biopsy of a primary ulcer of LGV 
shows epithelial necrosis with a mixed, nonspecific 
inflammatory infiltrate. There are no pathognomonic 
histological findings in LGV. A tissue culture (McCoy 
cell culture) is the only reliable means of diagnosis. The 
finding of iodine-staining, glycogen-containing inclu-
sion bodies is sensitive and specific for the presence of 

LYMPHOGRANULOMA VENEREUM

Lymphogranuloma venereum (LGV) is a sexually 
transmitted disease (STD) that is produced by infection 
with Chlamydia trachomatis serotypes L1, L2, and L3. 
The disease progresses through three distinct phases of 
transmission. This bacterial disease was once limited to 
tropical regions, but with the ease of worldwide travel, 
it can now be seen globally. The skin manifestations are 
found predominantly in the groin and genital region. 
This disease is often seen in conjunction with other 
STDs, and screening for other STDs should be done 
routinely in patients diagnosed with LGV.

C. trachomatis has also been shown to be responsible 
for many infectious complications, including pneumo-
nia, urogenital infections, conjunctivitis, and trachoma. 
Trachoma, which often starts as conjunctivitis, results in 
chronic intense inflammation of the bulbar and eyelid 
conjunctiva that causes scarring and eventually blindness 
if left untreated. Trachoma and conjunctival disease are 
caused by the A, B and C serotypes of C. trachomatis.

Clinical Findings: LGV is a rare disease in the 
United States and Europe but should be considered in 
the differential diagnosis of all anogenital ulcerations. 
The disease is seen more frequently in patients with a 
low socioeconomic status and in those with multiple 
sexual partners. LGV is passed from one individual to 
another via sexual intercourse. After a short incubation 
period (a few days to a few weeks), a painless papule 
forms and ultimately ulcerates. The ulcer is small 
(≤1â•¯cm in diameter) and without induration. This 
ulceration is often described as painless, but it causes 
the patient irritation and discomfort with pressure and 
manipulation. This primary stage of the disease spon-
taneously resolves without therapy. The ulcer heals, 
leaving only a slight scar.

The secondary stage of disease begins with inguinal 
adenopathy. The inguinal lymph nodes become 
enlarged and painful. Initial involvement occurs within 
2 to 3 weeks after healing of the ulcer and typically 
results in discrete, painful lymph nodes on each side of 
the inguinal crease. The lymph nodes coalesce over 
time and mat together into a large mass of tissue called 
buboes. If both sides of Poupart’s ligament are involved, 
this can lead to a characteristic clinical finding named 
the groove sign. This name denotes the massive adenop-
athy on each side of Poupart’s ligament; the groove is 
the area overlying the ligament with no adenopathy. 
The massive adenopathy may become necrotic, and 
suppurative lymph nodes are frequently seen. Sinus 
tracts from the adenopathy to the surface of the skin 
form and drain. This second stage is associated with 
fever and constitutional symptoms.

The third stage or late stage of LGV is less frequently 
seen and consists of scarring and fibrosis as well as 
elephantiasis of the genitals. If the primary and second-
ary diseases have affected the rectum, rectal fissures and 
strictures may be present, leading to chronic pain. 
Rectal disease is most frequently encountered in the 
male homosexual population.

Pathogenesis: C. trachomatis is a gram-negative obli-
gate intracellular bacterium. It is unique in that it has 
no ability, or only limited ability, to produce its own 
adenosine triphosphate (ATP) energy source. This 
inability to create a steady source of energy forces the 
bacterium to reside within a host cell. The infectious 
form of the bacterium, called the elementary body, 
gains entry into a host cell. Within the cell, it forms a 
larger, actively reproducing reticulate body. The reticu-
late body undergoes binary fission to produce progeny 

C. trachomatis. Various serological tests are available, 
but they cannot reliably differentiate between past and 
present disease.

Treatment: The routine application of erythromycin 
to the eyes of newborns has dramatically decreased the 
risk of trachoma. LGV is treated with oral antibiotics 
in the tetracycline or erythromycin class. All sexual 
partners should also be treated, even if they do not 
exhibit overt signs of disease.

Sacrum

Rectum

Vagina

Lateral sacral
lymph node

Lymph vessels
in sacrogenital
(uterosacral)
ligament

Pathway of spread of lymphogranuloma
(lymphopathia) venereum from upper vagina
and/or cervix uteri to rectum via lymph vessels 

Stricture of rectum with multiple blind
sinuses; strictures cause chronic pain 
and are a significant source of morbidity Long tubular stricture of rectum

Lymphogranuloma venereum causing chronic
lymphedema (left) and inguinal adenopathy (right)

Groove sign seen in a male
patient wih lymphogranuloma
venereum caused by massive
adenopathy on either side 
of Poupart ligament
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syndrome is seen in fewer than 5% of patients with  
N. meningitidis septicemia, but it occurs in more than 
50% of the fatal cases. Patients present with skin find-
ings of widespread purpura and cyanosis. They have 
signs and symptoms of hemodynamic collapse, hypo-
tension, acute renal failure, and a biphasic fever. The 
skin findings are caused by small-vessel embolization or 
endothelial destruction from the septicemia. Blood 

MENINGOCOCCEMIA

Meningococcemia can cause a wide range of clinical 
diseases, of which neisserial meningitis is the most 
severe and life-threatening. The bacteria, Neisseria men-
ingitidis, is capable of causing septicemia, pneumonia, 
and meningitis. These are all relentless diseases that  
are universally fatal if not promptly treated. The bac-
teria has been known to cause severe disseminated 
intravascular coagulation (DIC) and the Waterhouse-
Friderichsen syndrome. The latter syndrome, also 
known as acute adrenocortical insufficiency, is directly 
caused by hemorrhagic destruction of both adrenal 
glands. This syndrome can result from a wide range of 
conditions, including infections, and N. meningitidis is 
one of the more frequent infectious causes.

Clinical Findings: Children younger than 1 year 
of age are those most likely to develop disease from  
N. meningitidis infection. Boys are more apt to develop 
this infection than girls, and there is no race predilec-
tion. One risk factor appears to be the presence of a 
smoker in the household. It is theorized that the sec-
ondhand smoke damages the child’s respiratory epithe-
lium just enough to allow the bacteria to penetrate the 
mucous membranes and enter the bloodstream. Other 
risk factors include a deficiency of the complement 
components C5, C6, C7, and C8. Asplenia also increases 
one’s risk, because the spleen is extremely important in 
removing encapsulated bacteria from the bloodstream. 
Chronic immunosuppression increases the risk, as  
does living in crowded conditions. This is why military 
barracks and college dormitories are often sources  
of outbreaks.

Patients who develop meningitis have fever, head-
ache, vomiting, stiff neck, and meningeal physical signs, 
including Kernig’s sign and Brudzinski’s sign. Kernig’s 
sign is positive when placing a patient’s hips and knees 
in 90-degree flexion and extending the knee joint elicits 
pain. Brudzinski’s sign is more sensitive for meningitis 
and is positive when flexing of the patient’s neck causes 
flexion of the hips and knees. These signs have long 
been used to help diagnosis meningitis clinically. As the 
disease progresses, seizures or coma may occur.

Cutaneous findings include palpable purpura, ecchy-
mosis, widespread macular purpura, and necrosis of the 
skin with secondary vesiculopustules. The purpura can 
be angulated with an irregular border. Centrally within 
the purpuric region, there is often a dusky gray discol-
oration of the skin. Patients often complain of skin pain. 
Necrosis may progress to cause gangrene of the digits 
or distal extremities. In severe cases, entire limbs can 
become gangrenous. If DIC sets in, the clinical skin 
findings of DIC may be seen on top of the initial  
skin findings. The presence of DIC is a poor prognostic 
indicator.

Fulminant meningococcal septicemia may lead to 
hemorrhagic necrosis of the adrenal glands; this is 
termed the Waterhouse-Friderichsen syndrome. It 
leads ultimately to acute adrenal dysfunction. This  

Meningococci from
blood, spinal fluid,
and/or throat

Circulatory collapse,
marked hypotension

Extensive purpura, shock,
prostration, cyanosis
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ACUTE ADRENAL INSUFFICIENCY (WATERHOUSE-FRIDERICHSEN SYNDROME)
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Characteristic fever chart
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extravasates through the damaged endothelial walls  
and produces massive purpura. The more extensive  
the cutaneous purpura in meningococcal septicemia, 
the higher the incidence of Waterhouse-Friderichsen 
syndrome.

Laboratory testing can be used to diagnosis the 
disease, but one should not wait for the results to  
begin therapy if there is a high clinical suspicion of  
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ceftriaxone, followed by penicillin or by chloramÂ�
phenicol in penicillin-allergic patients. Patients with 
Waterhouse-Friderichsen syndrome need adrenal gland 
replacement therapy.

Contacts should be treated with ciprofloxacin, 
rifampin, or ceftriaxone. This prophylactic therapy,  
as well as intravenous therapy, should be started imme-
diately if clinical suspicion is high enough; delaying 
therapy for even a few hours to wait for laboratory 

N. meningitidis infection. Culture of N. meningitidis 
from blood, cerebral spinal fluid (CSF), or tissue is 
diagnostic. The gram-negative diplococcal bacteria 
grows on the chocolate agar plate and appears as small, 
round, moist, gray colonies. Gram staining of CSF 
shows intracellular gram-negative diplococcal bacteria. 
This bacteria also grows well on the Thayer-Martin 
agar plate. The bacteria is oxidase positive and is able 
to acidify certain sugars. These laboratory data can be 
used to help differentiate N. meningitidis from other 
bacteria. CSF samples can be used for polymerase chain 
reaction (PCR) testing for the bacteria, but this is not 
routinely done in these cases. All cases of N. meningitidis 
infection should be reported to state and national health 
organizations.

Pathogenesis: Meningococcal infections, including 
septicemia and meningitis, are caused by the gram-
negative bacteria, N. meningitidis. This is a diplococcal 
bacterium that requires an iron source for survival. 
Because of this unique metabolic requirement, humans 
are the only known host. The meningococcus bacteria 
can be found as a transient colonizer in the oropharynx 
of up to 10% of sampled individuals. These carriers 
express no sequelae but serve as a potential reservoir for 
meningococcal disease. The organisms are spread by 
close contact and sharing of saliva. If the bacteria is able 
to reproduce to such an extent as to cause bacteremia, 
it then becomes a potential pathogen. Bacteremia can 
quickly lead to septicemia (meningococcemia). This is 
a severe, life-threatening disease that can kill quickly. 
Meningeal involvement leads to neisserial meningitis. 
The bacteria exhibit a neurotrophic behavior and attack 
the lining of the central nervous system.

At least 13 serotypes of N. meningitidis are known, 
9 of which have been conclusively shown to cause 
human disease. Currently, a vaccine is available that 
protects against the serotypes that most frequently 
cause disease: serotypes A, C, Y, and W-135. The 
remaining five serotypes can affect any individual 
regardless of vaccination status. The bacteria expresses 
a toxin (lipooligosaccharide) on its surface that causes 
many of the systemic symptoms of disease. N. menin-
gitidis is an encapsulated bacteria, and this helps protect 
it from the host’s immune system.

Histology: Most skin biopsy specimens show evi-
dence of vasculitis with neutrophils, fibrinoid necrosis, 
and extravasated red blood cells. Organisms can be 
appreciated on tissue Gram stains. Embolism of capil-
laries and small venules is often seen, and necrosis and 
ulceration can be secondary findings.

Treatment: Treatment requires prompt recognition 
of symptoms and immediate intravenous antibiotic 
therapy. Any close contacts of the patient should  
be screened for evidence of disease and given prophy-
lactic oral therapy to decrease the potential of an epi-
demic. The main intravenous antibiotic of choice is 

confirmation can be the difference between life  
and death.

Immunization is helping to keep the disease inci-
dence low, and guidelines have been established for 
which high-risk groups should get the vaccine and 
when. Although the vaccine protects against only 4  
of the 13 serotypes of N. meningitidis, it has the poten-
tial to decrease the incidence of this disease and save 
many lives.

Sources of infection

BACTERIAL MENINGITIS

Basal skull fracture

Otitis media

Mastoiditis

Dermal sinuses

Skin (furuncles)

Cribriform plate defect

Sinusitis (ethmoiditis)

Nasopharyngitis

Nasal furuncles

Pneumonia

Infection of leptomeninges is usually
hematogenous but may be direct
from paranasal sinuses, middle
ear, mastoid cells, or CSF leak due to
cribriform plate defect or via
dermal sinuses.

Inflammation and suppurative
process on surface of leptomeninges
of brain and spinal cord

Thrombophlebitis of superior
sagittal sinus and suppurative
ependymitis, with beginning
hydrocephalus

MENINGOCOCCEMIA (Continued)
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cytoplasmic bodies in the stratum basalis into larger 
basophilic bodies in the outer epidermis. As they 
enlarge, they often compress the nucleus of the infected 
cell. These intracytoplasmic inclusion bodies have been 
termed Henderson-Patterson bodies.

Treatment: Often in children, a watch-and-wait 
approach is the best therapy, because most cases resolve 
spontaneously. Many destructive methods are available. 
Liquid nitrogen cryotherapy is highly effective, but 
most children have difficulty tolerating the pain it can 

MOLLUSCUM CONTAGIOSUM

As its name implies, molluscum contagiosum is a highly 
contagious viral infection that has little morbidity. This 
infection is most commonly encountered in children. 
The diagnosis is made on clinical grounds after inspec-
tion of the characteristic skin findings. When seen in 
the genital region of adults, molluscum contagiosum is 
considered to be a sexually transmitted disease. This 
infection rarely occurs in immunocompetent adults 
outside sexual transmission. In adults with no clear evi-
dence of transmission, an evaluation for an immunosup-
pressed state should be undertaken. Patients taking 
chronic immunosuppressive medications and those with 
the acquired immunodeficiency syndrome are more 
prone to infection with molluscum contagiosum.

Clinical Findings: Young children are often affected 
by this common viral infection. Children pass the virus 
from one to another through close contact. The incuba-
tion period is 2 to 4 weeks. The characteristic finding is 
of small (3-5â•¯mm), dome-shaped papules with a central 
dell. The coloration can be pink to slightly whitish. 
Solitary lesions may be appreciated, but clusters of 
lesions are often encountered. They may appear on any 
part of the body. Slight pruritus may accompany the 
lesions, but otherwise there are no symptoms. Mollus-
cum lesions have a tendency to become inflamed. When 
this occurs, they can become tender. Inflamed lesions are 
bright red and can bleed if the child scratches or trau-
matizes them. The more inflamed a lesion becomes, the 
more likely it is to leave scarring. Scarring can also occur 
if the lesion becomes secondarily infected. Most nonin-
flamed lesions spontaneously resolve within 6 months.

Young and older adults who present with molluscum 
contagiosum in the genital region are believed to have 
acquired the infection through sexual contact. The 
number of lesions in these cases tends to be increased, 
and the lesions tend to be localized to the groin. These 
also spontaneously resolve over time with no therapy. 
Immunosuppressed individuals, especially those with 
human immunodeficiency virus (HIV) infection, have a 
high incidence of molluscum contagiosum viral infec-
tions. These infections tend to be widespread and can be 
larger than the typical version acquired in childhood.

Pathogenesis: Molluscum contagiosum is caused by 
an enveloped, large, double-stranded DNA poxvirus, of 
which there are four unique types. Humans are the only 
known species to be infected by this virus. The virus 
has been designated molluscum contagiosum virus 
(MCV), and the four types MCV1 through MCV4. 
The virus is spread by close physical contact, and trans-
mission on fomites has also been established. The virus 
attaches to the glycosaminoglycans on the surface of the 
targeted cell. The viral DNA gains entry into the cell 
cytoplasm, where it replicates itself. The virus carries 
with it a viral RNA polymerase, which acts to transcribe 
the viral genes, as well as a viral DNA polymerase for 
replication of its DNA. Early and late proteins are pro-
duced. The early proteins are generally for viral replica-
tion, and the late proteins are for production of the 
structural shell of the virus. These processes all occur 
within the cytoplasm of the infected cell. Once the virus 
has replicated, the infected cell typically dies, and the 
brick-shaped viral particles are released.

Histology: Skin biopsies of molluscum contagiosum 
are very characteristic, and the infection is easily diag-
nosed histologically. However, biopsies usually are  
not obtained because the disease is diagnosed clinically. 
The virally infected cells have molluscum bodies. The 
molluscum bodies change from small, eosinophilic 

Magnified view showing typical
umbilicated lesion

Keratin
plug

Scattered distribution of molluscum lesions over
perineum, buttocks, and thighs. Lesions spread by
physical contact and autoinoculation. The disease
can be sexually transmitted in adults. 

Histological section of molluscum
lesions showing poxvirus inclusion
bodies and central core of keratin

Molluscum contagiosum
is commonly encountered
in children.

Inclusion
bodies

Application of
liquid nitrogen
to lesion using
cotton swab

Local eradication of lesions can be obtained
with desiccation, cryotherapy, laser ablation,
chemical cautery, or curettage.

with
E. Hatton

cause. Many other therapies have been used, including 
tretinoin cream, salicylic acid, curette, cantharidin, and 
imiquimod. Patients who are immunosuppressed can be 
treated with any of these modalities. Attempts to 
decrease immunosuppressive medications should be 
coordinated through the patient’s transplant surgeon or 
primary care physician. Patients with widespread mol-
luscum contagiosum and coexisting HIV infection have 
benefited from highly active antiretroviral therapy 
(HAART).
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seen in the shape of a “mariner’s wheel,” which is highly 
characteristic and specific for P. brasiliensis. The fungus 
can be highlighted with a multitude of special staining 
methods, including periodic acid–Schiff and sliver 
stains. The fungus is easily cultured on Sabouraud’s 
medium and shows fluffy white colonies.

Pathogenesis: The fungus P. brasiliensis has unusual 
living requirements, and its growth in the environment 
is dependent on the soil pH, the altitude, and a consis-
tent temperature. Alterations in the optimal growing 
conditions decrease the survivability of the organism. 

PARACOCCIDIOIDOMYCOSIS

Paracoccidioidomycosis, also known as South American 
blastomycosis, is a disease that is seen almost exclusively 
in regions of Central and South America. It is caused 
by the dimorphic fungus, Paracoccidioides brasiliensis. 
Most infections are acquired by direct inhalation of the 
chlamydospores. The fungus is found in the environ-
ment in the mycelial or mold phase; it converts to the 
yeast phase at body temperature. Brazil has the highest 
incidence of paracoccidioidomycosis. Primary lung 
infection may lead to disseminated disease, with the 
skin being secondarily infected. Direct inoculation into 
the skin causes primary cutaneous disease.

Clinical Findings: This fungal infection is more 
common in men than in women, for reasons poorly 
understood. It may be that men are more likely to have 
occupational exposures (most commonly, farming). A 
protective effect of estrogen also has been hypothe-
sized. There is no race predilection. Immunocompetent 
hosts who are exposed to the fungus are likely to 
develop a subclinical infection. Then, either the fungus 
becomes walled off in the form of granulomas within 
the lung or the patient goes on to develop clinical 
disease. Serological testing may show evidence of past 
exposure in healthy subjects with no clinical findings. 
Some hosts have a constellation of flu-like symptoms 
that include malaise, weight loss, fatigue, fever, pneu-
monitis, and pleurisy. Progressive pulmonary lesions 
may occur regardless of immune status, but they are 
more severe in patients who are immunosuppressed.

Bilateral pulmonary infiltrates are seen on chest radi-
ography and are similar to the radiographic findings of 
tuberculosis. The infiltrates often form consolidated 
areas with cavitations that heal with emphysematous 
changes. Almost all cases of paracoccidioidomycosis 
affect the lung. Once established, the fungus is able to 
disseminate to the skin, draining lymph nodes, adrenal 
glands, central nervous system, peritoneum, and gastro-
intestinal tract.

Skin lesions in paracoccidioidomycosis come in two 
distinct varieties. Disseminated disease is the more fre-
quently encountered subtype. The lesions are predomi-
nantly on the head and neck, especially around the oral 
and nasal passages. The oral mucosal membranes and 
tongue are involved. Nasal and pharyngeal ulcerations 
are so frequently encountered that they have been given 
a name, Aguiar-Pupo stomatitis. The mucosal lesions are 
often peppered with pinpoint hemorrhagic areas. The 
skin findings may include papules, nodules, or fungat-
ing plaques. Ulceration is almost universal, and patients 
complain of pain and swelling. Cervical lymph nodes 
are enlarged. The infected lymph nodes often form 
sinus tracts to the skin and drain spontaneously.

The second form of cutaneous paracoccidioidomyco-
sis is caused by direct inoculation of the fungus. The 
fungal elements are normally found in the soil, and 
piercing of the skin with a contaminated object can lead 
to primary cutaneous paracoccidioidomycosis. These 
lesions appear as papules or draining tender nodules 
with or without overlying ulceration. Some may spon-
taneously resolve, but most slowly enlarge.

Histology: Skin biopsy specimens show pseudocarci-
nomatous hyperplasia of the epidermis with varying 
degrees of ulceration and abscess formation. There is a 
mixed inflammatory infiltrate. Suppurative granuloma-
tous inflammation is seen within the underlying dermis. 
The fungus can be seen on routine hematoxylin and 
eosin staining with close inspection. The cells of the 
yeast phase are thick walled and refractile. They can be 

The host response to this fungus depends on an intact 
Th1 helper T-cell response.

Treatment: Treatment with itraconazole has had 
great success and has drastically altered the prognosis  
of this disease. As with all systemic fungal infections, 
treatment courses last for months to a year. Historically, 
sulfonamides were used. If left untreated, this disease has 
a significant mortality rate. Ketoconazole and flucon-
azole have also been used successfully, and amphotericin 
B is now reserved for the most severe cases and for those 
that fail to respond to azole or sulfonamide therapy.

Yeast phase of P. brasiliensis in fresh
unstained sputum prepared with 10%
NaOH, showing double walls with
single and multiple budding

Several double-contoured yeast-phase
cells with single buds in a giant cell
from a skin lesion

Precipitin test. Antigen in central
well; serum from five different
patients in peripheral wells
showing precipitin bands. Wells
4 and 5 are from the same patient
before and after treatment,
evidencing response.
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Colonies of yeast form
of P. brasiliensis grown
on blood agar at 37�C

Mycelial colonies of
P. brasiliensis grown on
Sabouraud’s medium at room
temperature. Downy appearance
is caused by filamentous hyphae
with intercalate or terminal
chlamydospores.

Bilateral pulmonary infiltrates, which
closely resemble tuberculosis. Pulmonary
lesions may range from minimal to very 
extensive.

Plaques on lips,
nose, and tongue
with cervical
lymphadenopathy

with
E. Hatton
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SCABIES

Human infection with the parasite Sarcoptes scabiei var 
hominis causes scabies. Humans are the only known 
host, and the parasite is transferred from one person to 
another by close physical contact.

Clinical Findings: Scabies mites can affect any human. 
Men and women are equally affected, and there is no 
race predilection. The rash of scabies is highly pruritic. 
Patients often scratch in front of the examining physi-
cian and cannot stop themselves from doing so. Patients 
often state that it is the worst itching sensation they have 
ever experienced. The itching sensation is worse in the 
evening, especially when one is trying to sleep. Cutane-
ous findings are variable. Burrows are the hallmark of 
scabies and are pathognomonic for the disease.

Burrows consist of a fine, 0.5- to 1.0-mm-wide, 0.5- 
to 1.5-cm-long area of undulating or serpentine regions 
with a tiny black speck at one end. This tiny black speck 
is the scabies mite that is burrowing along the skin. If 
one were to scrape the area of the burrow where the 
mite is located and examine the scraping under the 
microscope, a mite would surely be seen. The mite may 
also be seen in association with eggs and scybala (mite 
feces). Any of these findings confirms the diagnosis. 
Burrows are most commonly appreciated along the 
sides of the fingers and the wrists.

The palms are commonly affected with tiny (1â•¯mm) 
patches within the skin lines. They are intensely pru-
ritic and are associated with excoriations. Scabies mites 
avoid the areas of the body that contain numerous seba-
ceous glands and for this reason are almost never seen 
on the face of anyone past the age of puberty. They may 
be found on the face of infants and children, who have 
not yet formed mature sebaceous glands. Scabies also 
has a propensity to affect the genitalia. The scrotum is 
almost always affected in cases that are more than a few 
weeks old. Very few rashes cause papules or nodules on 
the scrotum, and the presence of itchy nodules on the 
scrotum should be considered a sign of scabies until 
proven otherwise.

Crusted or Norwegian scabies is a rare form of scabies 
seen in immunosuppressed individuals. The crusted 
lesions represent the actions of hundreds to thousands 
of scabies mites. Patients are often covered from head 
to toe and are extremely pruritic. A scraping shows the 
presence of numerous mites. Individuals with crusted 
scabies should be treated with a multimodal approach.

Scabies can cause outbreaks in long-term care facili-
ties. These outbreaks can affect many individuals within 
the facility and are difficult to eradicate.

Histology: Skin biopsies are rarely performed. If a 
biopsy were to be done, one would see a mixed inflam-
matory infiltrate in the dermis with many eosinophils. 
This is a nonspecific finding and can be the result of 
any bug bite reaction. If the actual mite is biopsied, 
scabies parts will be present within the epidermis.

Pathogenesis: S. scabiei is spread from one human to 
another by close physical contact. The mite burrows into 
the epidermis but is unable to penetrate the basement 
membrane zone. Its presence sets off a massive inflam-
matory response. The female mites lay eggs as they 
burrow through the skin. Each egg hatches within 2 to 

3 days and releases a larva. The larvae quickly grow and 
form nymphs and then mature adult mites. This process 
occurs within 1 week’s time. The mites have a life span 
of 2 months. The female mite can lay 3 eggs per day.

Treatment: Permethrin is currently the drug of 
choice to treat scabies. It should be applied overnight 
and repeated in 1 week, because it is pediculicidal but 
not ovacidal. The second application makes sure that 

any recently hatched mites are killed before they can 
reach reproductive age. Colloidal sulfur may be used on 
pregnant women. It is efficacious and safe but has a 
terrible odor. Outbreaks in long-term care facilities are 
often treated with oral ivermectin, which has shown 
good efficacy. Lindane has fallen out of favor because 
of its potential neurotoxicity. The use of malathion is 
advocated if permethrin fails.

Scabies (Sarcoptes
scabiei in circle)

Child with scabies, dorsal viewChild with scabies, ventral view

Inflammatory
excoriated
papules
(note penile
involvement).
Involvement
of genitalia,
umbilicus,
and finger
webs is
characteristic
for scabies.

The face is 
typically
spared
except in 
neonates
and 
immuno-
suppressed
patients.
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S. schenckii can be grown at 37°C, although it grows 
much more slowly at that temperature.

Treatment: Saturated solution of potassium iodide 
(SSKI) has been used for decades to treat cutaneous 
infections with S. schenckii. This medication has 
an unknown mechanism of action in treating fungal 
infections, but it is believed to interrupt protein synthe-
sis of the fungus and to boost local host immune func-
tion. The treatment of choice is one of the azole 

SPOROTRICHOSIS

Sporothrix schenckii is an environmental fungus that is 
capable of causing human disease after direct inocula-
tion into the skin. Inoculation is the cause of cutaneous 
sporotrichosis, which is considered to be a subcutane-
ous mycosis. Unusual cases of inhalation sporotrichosis 
have been described in the literature, as have cases  
of central nervous system disease. These cases occur 
almost exclusively in immunosuppressed hosts. Sporo-
trichosis has classically been associated with inoculation 
after the prick from a rose plant. This is well reported; 
the fungus can be isolated from rose plants but is also 
found on many other plants and in soil environments.

Clinical Findings: Gardeners, florists, and outdoor 
enthusiasts are at highest risk for infection from S. 
schenckii. These activities and occupations increase the 
likelihood of contact with the soil fungus. The fungus 
lives in the environment, and humans become infected 
by direct implantation of the fungus into the skin. 
Common methods of inoculation are the prick of a 
thorn or an injury contaminated with soil or plant mate-
rial. Within a few days after entry into the skin, a papule 
and then a pustule form at the site of inoculation. 
Patients may initially be given an antibiotic in the belief 
that they have a bacterial infection. Often, it is not until 
the pustule ulcerates and develops into a larger plaque 
that the diagnosis is suspected or considered. Once this 
has occurred, the fungus enters the local lymphatics and 
proceeds to migrate proximally. As the fungus travels 
through the lymphatic system, it periodically causes 
draining sinus tracts to the surface, which appear as 
papules or nodules. This characteristic lymphangitic 
spread, also called sporotrichoid spread, is seen in most 
cases of cutaneous sporotrichosis.

Although a few other infections can manifest with 
lymphangitic spread, its presence along with a history 
of trauma suggests an infection with sporotrichosis. If 
lymphangitic spread is present, a skin biopsy and fungal, 
bacterial, and atypical mycobacterium cultures should 
be performed. Less commonly, solitary plaques of spo-
rotrichosis occur without any evidence of sporotrichoid 
spread. The disease manifests as solitary, nonhealing, 
slowly enlarging plaques with various amounts of ulcer-
ation and drainage.

Pathogenesis: S. schenckii is a dimorphic soil fungus 
found throughout the environment. S. schenckii causes 
human infection by direct implantation of the mold 
form of the fungus into the skin. Once the fungus has 
entered the human body, it transforms into its yeast 
form in response to the stable temperature. Most infec-
tions stay localized in the skin. In rare cases of severe 
immunosuppression, S. schenckii becomes disseminated; 
this occurs most frequently in association with human 
immunodeficiency virus infection.

Histology: Findings from skin biopsy specimens of 
sporotrichosis are not diagnostic in many cases. The 
presence of a granulomatous infiltrate is often the main 
histological feature. The periodic acid–Schiff (PAS) 
stain and Gomori’s methenamine silver (GMS) stain are 
two excellent stains that highlight the fungus and allow 
the pathologist to more readily appreciate the few cigar-
shaped fungal elements that are present within the dense 
inflammation. Multiple fungal organisms are rarely 
seen; they are observed most frequently in patients with 
an underlying immunodeficiency.

S. schenckii is best cultured on Sabouraud’s media 
at room temperature. In these conditions, a white to 
brown colony of mold forms readily. As time elapses,  
the fungus forms a brown pigment that turns the entire 
colony brown to black. Because of its dimorphic nature,  

antifungal medications. Itraconazole has been the most 
widely studied and used antifungal and is the preferred 
agent. All the azole antifungal agents inhibit the fungal  
cytochrome P450 enzyme 14-α-sterol-demethylase 
(CYP51A1). This inhibition prevents the fungus from 
producing ergosterol, a vital cell membrane compo-
nent. Patients with pulmonary or central nervous 
system involvement or disseminated disease should be 
treated with amphotericin B.

Lymphangitic spread of sporotrichosis

Sporothrix schenckii on Sabouraud plate

Structural growth pattern of Sporothrix schenckii

Begins as small nodule and
spreads to hand, wrist, and forearm
(even systemically). This and other
mycotic infections are diagnosed
with biopsy and culture.
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STAPHYLOCOCCUS AUREUS 
SKIN INFECTIONS

Cutaneous infection with Staphylococcus aureus can man-
ifest in many ways. With the emergence of methicillin-
resistant S. aureus (MRSA), these cutaneous infections 
have once again been given the attention they deserve. 
Most cases of MRSA are community acquired, and they 
have entirely different sensitivity patterns than those of 
hospital-acquired MRSA infections. These cutaneous 
infections are increasing in incidence. They not only 
cause significant skin disease but have the potential to 
become systemic and cause septicemia, pneumonia, 
osteomyelitis, and other internal infections. S. aureus is 
a transient colonizer of the skin and nasopharynx. This 
bacteria has shown a remarkable ability to develop and 
acquire antibacterial resistance mechanisms. S. aureus 
and MRSA are major hospital-acquired S. aureus infec-
tions, and now community-acquired MRSA has become 
just as important. MRSA accounts for more than 50% 
of hospital-acquired S. aureus infections.

The emergence of community-acquired MRSA has 
led to an increase in the number of serious S. aureus 
infections. These community-acquired strains have 
been shown to cause an increased incidence of skin 
furuncles and abscesses as well as severe pneumonia. 
Most of these infections occur in young, previously 
healthy individuals.

Clinical Findings: S. aureus and MRSA can cause a 
wide range of cutaneous infections. The most superfi-
cial of all infections that this bacteria causes is impetigo. 
Impetigo is often seen in children and in people with 
preexisting skin diseases, which increase the likelihood 
of cutaneous infections. The two most common causes 
of impetigo are S. aureus and Streptococcus pyogenes or 
group A streptococcus. The disease often manifests  
on the face. Regardless of the location, the infection 
appears as small, superficial, honey-colored crusts with 
some weeping of yellow, clear serum. There is a bullous 
variant, and it manifests with superficial blisters that 
easily rupture. The disease is contagious and can be 
spread among children. Typically, topical therapy yields 
excellent results, and oral therapy can be avoided. If one 
were to biopsy a lesion of impetigo, a superficial infec-
tious process would be seen in the stratum corneum. 
Neutrophils and bacterial elements would be found 
within the stratum corneum.

Infection of the hair follicle shaft, termed folliculitis, 
can occur with a wide variety of bacterial infections, 
including both S. aureus and streptococcal species. 
Many other forms of folliculitis have been described 
with other etiologic agents. Hot tub folliculitis is caused 
by Pseudomonas aeruginosa, which grows in improperly 
disinfected hot tubs. Gram-negative folliculitis can be 
seen in patients receiving long-term antibiotic therapy 
for acne and other conditions. Regardless of the bacte-
rial agent, the appearance of folliculitis is the same. A 
small (1-3â•¯mm) pustule is present and surrounds a hair 
follicle. The pustule is easily broken and can be slightly 
itchy to slightly painful. The hair can easily be removed 
from the pustule with minimal effort. The pustule is 
surrounded by a millimeter or two of erythema, which 
in turn is surrounded by a blanched region extending 
out another few millimeters. Typically, entire regions of 
the body are affected, such as the legs or buttocks.

Group A β-hemolytic Streptococcus

Group B, C or G Streptococcus

Staphylococcus aureus (uncommon)
Haemophilus influenzae (rare)
Other (rare)

Epidermis

Dermis

Subcutaneous
tissue

Muscle

Bone

VeinArteryLymphatic vessel

Sebaceous gland

Deep fascia

Hair follicle

Pustle

Cross section of the skin showing layers and types of infection

TYPES OF SKIN INFECTIONS

Sweat gland

Crust

 Purulent bulla

Cellulitis

Necro-
tizing
fasciitis

Myositis

Osteomyolitis

Infection site              Etiological organisms

Skin 
compartments

Group A β-hemolytic Streptococcus
(common)
Group C or G Streptococcus
(uncommon)
Staphylococcus aureus, Streptococcus
pneumoniae, enterococci, or aerobic
gram-negative bacilli
Staphylococcus aureus

Streptococcus pyogenes
Enterococcus species

Folliculitis
furuncles
     

Folliculitis and
furunculosis

Nasal furuncle

Purulent drainageFelon. Line of
incision indicated

Carbuncle treated with
incision and drainage

Subcutaneous abscess.
V-shaped line of incision
indicated

Cross section shows
division of septa in
finger pulp

Pyoderma (subepi-
dermal cellulitis)
treated with oral
antibiotics, not
incision

Staphylococcus aureus

Folliculitis can lead to furuncles (boils) or carbuncles 
(large furuncles). However, most furuncles do not 
develop from a preexisting folliculitis. The furuncle is 
a deep-seated, red, inflamed, tender nodule. Furuncles 
can occur in any location and are commonly found 
within the nostril. The nostril is a location that S. aureus 
is known to colonize. Furuncles may become quite large 
and spontaneously drain to the surface. Before the 

drainage occurs, one can often appreciate the presence 
of a pustule developing within the central portion of the 
furuncle. Carbuncles appear to result from the coales-
cence of multiple furuncles. They can be large and can 
have multiple draining sinus tracts to the surface of the 
epidermis. Multiple pustules may precede the drainage. 
Pain and localized adenopathy are hallmarks of both 
furuncles and carbuncles.
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Often associated with
superabsorbent tampon use

Staphylococcal exotoxins (TSS1),
enterotoxins (A,B,C)

Vaginal colonization by Staphylococcus
aureus with exotoxin production

Conditions required for
development of toxic
shock syndrome:
  1. Bacterial colonization
  2. Exotoxin production
  3. Entry portal for toxin

Complete blood
count, liver and
renal function
studies

Culture for
Staphylococcus
aureus

Fever greater
than 39�C

Headache, irritability, and confusion

Diarrhea

Tampon
removal
(remove
nidus of 
infection)

Etiology and pathogenesis
TOXIC SHOCK SYNDROME

Clinical features of toxic shock syndrome

Adult respiratory distress syndrome may complicate condition

Nausea and vomiting

Diffuse, macular
erythematous rash—
appearance similar
to “sunburn”

Spectrum of disease ranges 
from mild, flu-like symptoms 
to rapid loss of function 
in various organ systems

Hypotension (may be severe)

Desquamation
of palms and
soles (occurs late)

General measures of
organ support and shock
therapy should be instituted.

Early phase manifests with
flu-like symptoms, fever,
rash, and hypotension

Cellulitis develops from a bacterial infection within 
the dermis or the subcutaneous fat of the skin. The most 
frequent location is on the lower extremities. It occurs 
more commonly in people with diabetes, trauma to the 
skin, poor vascular circulation, or immunosuppression. 
Cellulitis starts as a small, pink-to-red macule that 
slowly expands and can encompass large portions of the 
skin. This is associated with edema and pain. The condi-
tion is almost always unilateral. The pain can be severe. 
Tender adenopathy of regional lymph nodes is present. 
Fever and systemic symptoms are almost always present. 
The redness is able to travel many centimeters a day. 
The presence of red lines is more indicative of a lymph-
adenitis than a cellulitis, but these conditions can 
coexist. Erysipelas is a more superficial form of cellulitis 
that occurs in the upper dermis. It manifests clinically 
as a well-demarcated, edematous red macule that is 
tender to the touch. The lower extremities and the face 
are common areas of involvement.

Toxic shock syndrome (TSS) is the name given to the 
development of fever, hypotension, and near-
erythroderma. The rash can appear as widespread, red, 
blanching macules. If appropriately treated, the rash 
causes desquamation of the skin and return to normal 
within a few weeks. TSS was initially reported after the 
use of superabsorbent tampons, which were left in place 
for the entire menstrual cycle. These tampons are no 
longer available. The superabsorbent tampons provided 
an environment conducive to the rapid growth of S. 
aureus. Toxins produced by the bacteria are responsible 
for the symptoms. TSS can occur after any S. aureus 
infection but is much more likely with an abscess. The 
toxins act as superantigens and activate T cells without 
the normal immune system processing. This can lead 
to massive activation of the immune system.

Pathogenesis: S. aureus is a gram-positive bacteria 
that is found throughout the environment and can be a 
colonizer of humans. It is most likely to be found colo-
nizing the nares, the toe web spaces, and the umbilicus. 
The bacteria grows in grape-like clusters on blood agar 
cultures. S. aureus is one of the most common bacterial 
causes of human infection.

Histology: The histological findings are based on the 
form of infection biopsied. The common underlying 
theme is a neutrophilic infiltrate that can be present 
throughout the biopsy specimen. Bacteria are present 
and can be highlighted on tissue Gram staining. The 
inflammation in impetigo is often limited to the epider-
mis, with bacteria and neutrophils present within the 
stratum corneum. Superficial blistering may occur 
within the granular cell layer in bullous impetigo. Fol-
liculitis shows edema and a neutrophilic infiltrate in and 
around the hair follicle. Furuncles, carbuncles, and 
abscess show a massive dermal infiltrate with neutro-
phils and bacterial debris.

The pathology of cellulitis is more subtle, with neu-
trophils around blood vessels. Bacteria can be difficult 
to see or to culture from skin biopsies of cellulitis. Most 
cases of cellulitis are not biopsied. TSS shows a super-
ficial and deep mixed inflammatory infiltrate. No bac-
teria are seen, because the rash is toxin mediated.

Treatment: Impetigo can be treated with topical 
therapy against S. aureus and streptococcal species. 

Mupirocin is one such topical agent that is highly  
effective. The other forms of infection need to be 
treated with oral antibiotics. Cephalexin or dicloxacillin 
is a good first choice. In areas with high rates of 
community-acquired MRSA, one should consider cov-
ering for this agent with a sulfa-based medication or a 
tetracycline derivative in adults. Culturing of the bacte-
rial agent should be done in all cases to select the most 
effective medication.

Severe cases of cellulitis and all cases of TSS should 
be treated in the hospital in the appropriate setting. 
Intravenous antibiotics are always used, and vancomy-
cin is the initial choice until the strain of S. aureus is 
isolated and sensitivities are assessed. Once the sensi-
tivities of the bacteria have been determined, the anti-
biotic treatment can be tailored to the individual 
patient. Patients with TSS often require intensive care 
with pressure support and respiratory support.

STAPHYLOCOCCUS AUREUS 
SKIN INFECTIONS (Continued)
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chancre, is firm to palpation. The ulcer can be found 
anywhere on the genitalia, including the labia, vaginal 
introitus, and mons in females and the glans, foreskin, 
and penile shaft in males. Lesions on the foreskin of 
males often show the Dory flop sign. This occurs when 
one grasps the area of the prepuce containing the ulcer 
and slowly retracts the proximal edge; after a critical 
angle has been achieved, the entire ulcer flops over. 

SYPHILIS

Syphilis has been well described in the literature since 
the late 1400s. The history behind the discovery and 
treatment of the disease is a story of perseverance and 
the willpower of many scientists working separately  
and together to help treat one the most deadly diseases 
of their time. Philip Ricord, a French scientist, is given 
credit for describing the three stages of syphilis and 
differentiating it from other diseases such as gonorrhea. 
The infectious organism, Treponema pallidum, was 
described in 1905 by Fritz Schaudinn, a German zoolo-
gist, and Erich Hoffman, a German dermatologist. 
Soon after this discovery, the German scientist Paul 
Ehrlich developed the first specific therapy for syphilis. 
The oral medication he and his team discovered was 
initially called 606, because it was the 606th compound 
they had attempted to use to treat the disease. This 
organoarsenic molecule was soon renamed salvarsan. 
This medication is highly effective against T. pallidum.

T. pallidum is classified as a spirochete. Spirochetes 
are gram-negative bacteria that have a winding or 
coiled linear body. There are three subspecies of T. 
pallidum; the one responsible for syphilis is named 
Treponema pallidum pallidum. The other subspecies of T. 
pallidum cause endemic syphilis or bejel, pinta, and 
yaws. Syphilis is a highly infectious disease that is trans-
mitted via sexual contact or vertically from an infected 
mother to her unborn child. Syphilis has been recog-
nized to progress through three stages: primary, sec-
ondary, and tertiary. Not all cases progress through all 
of the stages, and only about one third of untreated 
cases eventually progress to tertiary syphilis. The sec-
ondary and tertiary phases are interrupted by a latent 
phase of variable length.

Clinical Findings: Both historically and today, most 
cases of syphilis have been transmitted via sexually 
intercourse. The disease is often seen in conjunction 
with other sexually transmitted diseases (STDs), espe-
cially human immunodeficiency virus (HIV) infection. 
The two infections may actually facilitate each other’s 
infectious potential. There is no race or sex predilec-
tion; the organism is able to infect any host with whom 
it comes in contact. The initial infection in most cases 
results in clinical findings in the genital region.

Primary syphilis is marked by a nonpainful ulceration 
that begins as a red papule and ulcerates over a period 
of a few days to weeks. The average time to onset  
of the ulcer is 3 to 4 weeks after exposure, but it can 
occur 3 to 4 months later. This primary ulcer, called a 

Chancre with inguinal adenopathy
1� syphillis

SYPHILIS OF GENITALIA

Condylomata lata
2� syphillis

Chancre of
coronal sulcus;
nontender ulcer

Chancre 
of glans:
firm rubbery,
nontender
ulcer

Multiple chancres 
(shaft and meatus)

Penoscrotal chancre
with inguinal adenopathy

Spirochetes
under
darkfield
examination

This occurs because the ulcer is firm and does not  
bow under pressure. If left untreated, these ulcers  
self-resolve within 1 to 3 weeks. After this occurs, the 
bacteria hematogenously disseminate to other organ 
systems.

The timing of secondary syphilis is variable: It can 
occur immediately after primary syphilis or up to 6 
months after the chancre of primary syphilis has healed. 
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develop various configurations, including serpiginous 
and annular formations. These lesions rarely, if ever, 
ulcerate.

Unique forms of syphilis that do not fit neatly into 
one of the categories already described include neuro-
syphilis, congenital syphilis, and late syphilis. Involve-
ment of the CNS by T. pallidum is termed neurosyphilis. 
Neurosyphilis can occur during any of the numerous 
forms and stages of syphilis. It is caused by direct 

The average time frame is approximately 6 weeks after 
healing of the primary ulcer. Without treatment, most 
if not all patients experience symptoms and skin lesions 
of secondary syphilis. Patients universally complain of 
constitutional symptoms such as malaise, fever, chills, 
fatigue, and weight loss. Cutaneous findings can be 
multifaceted. The most prevalent skin finding is that of 
skin-colored to red to slightly hyperpigmented papules 
and patches. The palms and soles are characteristically 
involved, and this is a clue that the diagnosis of syphilis 
should be entertained.

Condylomata lata is the name given to the moist 
plaques that develop in the groin region from secondary 
syphilis. These lesions contain numerous T. pallidum 
organisms. Adenopathy is almost always present. Some 
rare findings of secondary syphilis include ulcers in the 
mouth, which can mimic aphthous ulcerations, and a 
nonscarring alopecia. The alopecia has been described 
as having a “moth-eaten” appearance. This is in refer-
ence to the random arrangements of patches of alope-
cia. All the lesions of secondary syphilis contain the 
bacteria, and samples can be taken and directly observed 
under darkfield microscopy. The organisms are seen as 
mobile spirochetes with a spiral configuration. Patients 
with secondary syphilis may have early central nervous 
system (CNS) involvement and may complain of head-
aches and other meningeal signs. Approximately 3 to 4 
months after the first signs and symptoms of secondary 
syphilis appear, they spontaneously resolve. This is the 
beginning of the latent phase, which is a phase of wide 
variability. Some patients never develop tertiary syphi-
lis, and approximately 1 in 5 develop a recurrence of 
secondary syphilis.

Tertiary syphilis follows the latent phase of syphilis 
in 30% to 40% of untreated individuals. The average 
time from initial development to tertiary syphilis is 
approximately 4 years. Tertiary syphilis can affect the 
skin, bone, and mucous membranes. The characteristic 
skin finding is the gumma. Gummas appear frequently 
as individual lesions, although a multitude of gummas 
may occur at the same time. The gumma starts as a 
papule and then evolves into a nodule, which ulcerates 
over the course of a few days to weeks. The ulceration 
is caused by significant necrosis of the involved tissue. 
This leads to deep ulcers with well-defined borders. 
The surface of the ulcer may be covered with gelatinous 
exudates. Another form of tertiary syphilis is the 
nodular syphilid skin lesion. These lesions are red  
to red-brown nodules that slowly enlarge and can 

infection of the CNS by the spirochete. Most patients 
with syphilis exhibit no signs of CNS involvement, even 
when the bacteria can be isolated from the CNS. 
However, almost all of these cases of asymptomatic 
neurosyphilis eventually progress to symptomatic  
clinical illness. Some of the common symptoms of  
neurosyphilis are headache, hearing difficulty, neck  
stiffness, and muscle weakness. As the disease pro-
gresses untreated, patients develop seizures, delirium, 
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penicillin for at least 2 weeks. Most patients who are 
treated for syphilis develop the Jarisch-Herxheimer 
reaction. This reaction is the result of the decimation 
of the T. pallidum organisms due to therapy with peni-
cillin. As the scores of bacteria are killed, the dead 
spirochetes induce an inflammatory reaction. This 
reaction may manifest as fever, chills, fatigue, malaise, 
and rashes of varying morphology. It can often make 

and tabes dorsalis. Tabes dorsalis results from degenera-
tion of the posterior columns of the spinal cord. The 
posterior columns are critical for proper sensation, and 
patients with tabes dorsalis develop gait disorders, 
diminished reflexes, proprioception abnormalities, 
pain, paresthesias, and a host of other neurological 
symptoms. If neurosyphilis remains untreated, the 
patient dies of the disease. Therefore, any patient who 
exhibits signs or symptoms of neurosyphilis should 
undergo a spinal tap to evaluate the cerebrospinal fluid 
for involvement with T. pallidum.

Congenital syphilis occurs as the result of vertical 
transmission from an infected mother to her unborn 
fetus. Up to one third of infected neonates die of the 
disease. In neonates who survive, the disease manifests 
in many ways. Neonates may present with macerated 
erosions associated with cachexia and failure to thrive. 
“Snuffles” is the term used to describe the chronic 
runny nose with a bloody purulent discharge. Rhagades 
are one of the most common signs seen in congenital 
syphilis; they appear as scarring around the mouth and 
eyes. Many bony abnormalities have been reported, 
including a saddle-nose deformity, the Higoumenakis 
sign (medial clavicular thickening), saber shins, and 
Clutton’s joints. Teeth abnormalities include Hutchin-
son’s teeth (notched incisors) and, less frequently, mul-
berry molars.

Histology: Skin biopsies of syphilis that are evaluated 
with routine hematoxylin and eosin (H&E) staining 
show varying features depending on the stage and form 
of disease being biopsied. A universal finding in all 
forms is the presence of numerous plasma cells within 
the inflammatory infiltrate. Ulceration, granulomas, 
and vasculitis are often encountered. The spirochetes 
cannot be appreciated with routine H&E staining; 
special staining techniques are required. The Steiner 
stain and the Warthin-Starry stain are the two most 
commonly used stains. Immunohistochemical stains 
can also be used, and they have been shown to be highly 
sensitive and specific.

Pathogenesis: Syphilis is caused by the spirochete, T. 
pallidum pallidum. This bacteria is highly infective and 
is predominantly spread by sexual contact and by trans-
mission from an infected mother to her unborn child.

Treatment: The T. pallidum organism has very little 
antibiotic resistance, and the therapy of choice is still 
penicillin. A single intramuscular dose of 2.4 million IU 
of benzathine penicillin G is recommended, and some 
now recommend a follow-up dose—the same as the 
initial dose—at 1 or 2 weeks. Patients who develop 
neurosyphilis need to be treated with intravenous 
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the rash of secondary syphilis appear worse for a period 
of time. This reaction is not specific to T. pallidum and 
has been reported with other infectious agents. It is 
critical to follow patients long enough after therapy 
ensure adequate treatment as measured by titers on 
rapid plasma reagin (RPR) or venereal disease research 
laboratory (VDRL) testing. All patients with syphillis 
should be tested for HIV.

SYPHILIS (Continued)
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virus invades endothelial cells in the respiratory tract. 
The virus quickly disseminates to the lymphatic tissue 
and then to other organ systems. This virus is neuro-
trophic and can lie dormant in the dorsal root ganglion, 
with the potential to reactivate much later in the form 
of shingles.

Treatment: Most childhood infections require no 
specific therapy other than supportive care and  

VARICELLA

The varicella-zoster virus (VZV) causes two discrete 
clinical infections: chickenpox (varicella) and herpes 
zoster (shingles). Although chickenpox was once a uni-
versal infection of childhood, the incidence of this 
disease has plummeted since the advent of the chick-
enpox vaccine. VZV belongs to the herpesvirus family 
and is primarily a respiratory disease with skin 
manifestations.

Clinical Findings: The disease is seen predominantly 
in children and young adults. Disease in adults tends to 
be more severe. Varicella is caused by inhalation of the 
highly infectious viral particle from an infected contact. 
The virus replicates within the pulmonary epithelium 
and then disseminates via the bloodstream to the skin 
and mucous membranes. Most children do not have 
severe pulmonary symptoms. A prodrome of headache, 
fever, cough, and malaise may precede the development 
of the rash by a few days.

The rash of varicella is characteristic and is present in 
almost 100% of those infected. It begins as a small, 
erythematous macule or papule that vesiculates. After 
vesiculation, the lesion may form a small vesiculopustule 
and then quickly rupture and form a thin, crusted 
erosion. The resulting vesicle has a central depression or 
dell, and it is localized over a red base. This gives rise to 
the classic description of a “dew drop on a rose petal.” 
The rash is more common on the trunk and on the head 
and neck, and it often is less severe when found on the 
extremities. A characteristic finding is an enanthem.  
The mucous membranes of the mouth are frequently 
involved with pinpoint vesicles with a surrounding red 
halo. A clinical clue to the diagnosis is the finding of 
lesions of multiple morphologies occurring at the same 
time. Most cases of varicella are self-resolving and heal 
with minimal to no scarring. Scarring can be significant 
if the vesicles or crusts become secondarily infected. 
Children are considered infectious from 1 to 2 days 
before the rash breaks out until the last vesicle crusts 
over. The diagnosis of chickenpox is made clinically. A 
Tzanck test, direct immunofluorescence, or viral culture 
can be used in nonclassic cases to confirm the diagnosis.

Adults who develop primary varicella infection are at 
risk for severe pulmonary complications and severe skin 
disease with a dramatically increased risk for scarring. 
Adults who are exposed to VZV for the first time are 
more likely to develop pneumonia and encephalitis. 
Children who develop pneumonia during an infection 
with chickenpox have most likely acquired a secondary 
bacterial pneumonia.

Since the universal adoption in the United States of 
routine childhood vaccination against varicella in 1995, 
the incidence of varicella has precipitously dropped. 
The VZV vaccine is a live attenuated vaccine that is 
highly effective in achieving protective titer levels. 
Those individuals who develop chickenpox after vac-
cination have an attenuated course that is manifested by 
a few vesicles and more macules. This atypical variant 
of chickenpox is often misdiagnosed, or it may be so 
mild that the parents do not seek medical care.

Histology: A skin biopsy of a vesicle shows an 
intraepidermal blister that forms via ballooning degen-
eration of the keratinocytes. There is a perivascular 
lymphocytic infiltrate in the dermis. Multinucleated 
giant cells can be seen at the base of the blister.

Pathogenesis: Varicella (chickenpox) is caused by 
VZV. This is a double-stranded DNA virus with a lipid 
capsule. It is spread from human to human via the 
respiratory route. Once inhaled, the highly infectious 

treatment of secondary bacterial infection. Immuno-
compromised individuals, including pregnant women, 
should be treated with an antiviral medication such as 
acyclovir. Neonates are also at high risk for serious 
disease and need to be treated. The vaccine provides 
long-term effectiveness that has been shown to last for 
decades. More time is needed to firmly establish the 
need for and timing of any booster vaccinations.
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Although the thoracic dorsal ganglia, taken as a 
whole, are responsible for the most cases of herpes 
zoster, the trigeminal nerve is the most frequently 
involved single nerve. The severity of the infection 
depends on the branch or branches involved. Herpes 
zoster infections on the face are typically more severe 
than those on the trunk or extremities. Infections on 
the face can affect the eye and ear and can lead to blind-
ness or to hearing loss in severe cases. If the vesicles of 

HERPES ZOSTER (SHINGLES)

The varicella zoster virus (VZV) is responsible for 
causing varicella (chickenpox) as well as herpes zoster 
(shingles). Herpes zoster is caused by reactivation of 
dormant VZV. Only hosts who have previously been 
infected with VZV can develop herpes zoster. The inci-
dence of herpes zoster is sure to decrease in the future, 
because the zoster vaccine has good efficacy in increas-
ing immunity against the virus. The live attenuated 
vaccine is currently recommended for those individuals 
60 years of age and older who fulfill the criteria for 
receiving a live vaccine. This age was chosen because 
the incidence of herpes zoster increases after age 60, 
possibly related to a waning immune response and anti-
body titer remaining from the patient’s original VZV 
infection. Whether the VZV vaccine protects against 
herpes zoster will take years to determine. The United 
States introduced widespread childhood immunization 
against VZV in 1995, and none of these children have 
yet reached the age of 60. Whether future booster vac-
cinations or VZV revaccination will be required is yet 
to be determined.

Clinical Findings: Herpes zoster is caused by reacti-
vation of VZV, as acquired previously, that has been 
lying dormant in the dorsal root ganglia of the spinal 
cord or the ganglia of the cranial nerves. Patients are 
typically older individuals. The incidence increases with 
each decade of life and peaks at about 75 years of age. 
Herpes zoster is infrequently encountered in children. 
Men and women are equally affected. The initial 
symptom typically is a vague pain, tingling, or itching 
sensation. This may precede the rash by 1 or 2 days. 
Constitutional symptoms are commonly seen in older 
patients. After this prodrome, the characteristic vesicu-
lar rash develops in a dermatomal distribution. The 
location most frequently affected is the thoracic spine 
region; however, the trigeminal nerve is the most fre-
quently involved nerve. The vesicles spread out to 
involve almost the entire dermatome of the nerve that 
has been infected. The rash does not cross the midline, 
and this is a clue to the diagnosis. Bilateral herpes zoster 
is very rare and is seen more frequently in immunosup-
pressed individuals.

The rash is exquisitely tender and can lead to signifi-
cant sleep disturbances and significant morbidity. With 
healing, which usually occurs within 1 to 2 weeks, scar-
ring is common. Pain typically dissipates over time, but 
a small subset of individuals, usually older than 50 years 
of age, develop postherpetic neuralgia. Postherpetic 
neuralgia can be a life-altering condition of abnormal 
sensation within the region affected by the herpes 
zoster outbreak. Patients often describe pain and par-
esthesias. Clothing or bedding rubbing against the skin 
can cause severe discomfort and pain. Postherpetic neu-
ralgia can last for weeks to months or even years and 
can be devastating.

herpes zoster affect the tip of the nose, the eye is likely 
to be involved. The nasociliary branch of the ophthal-
mic division of the trigeminal nerve innervates the nasal 
tip, and involvement of this region indicates that the 
infection is within the ophthalmic nerve. This involve-
ment of the nasal tip with subsequent involvement of 
the globe is termed Hutchinson’s sign. VZV infection of 
the eye is a medical emergency, and the patient must be 
evaluated by an ophthalmologist as soon as possible.

CLINICAL PRESENTATION OF HERPES ZOSTER 

Painful erythematous vesicular eruption in 
distribution of ophthalmic division of right
trigeminal (V) nerve

Herpes zoster following
course of 6th and 7th 
left thoracic dermatomes

Herpes zoster dermatomal vesicles



THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 193

Plate 6-32� Infectious Diseases

decrease the risk of postherpetic neuralgia, but large 
studies have thus far shown inconclusive data to support 
this approach. The therapy has the best chance of 
changing the course of the disease if given within the 
first 72 hours after the onset of disease symptoms.

A live attenuated zoster vaccine for the preÂ�vention  
of herpes zoster is being given to patients older than  
60 years of age. This vaccine has been shown to  
boost natural immunity against VZV and to decrease 

Simultaneous involvement of the facial and vestibular 
nerves is not infrequent and has been termed the 
Ramsay Hunt syndrome. These two nerves originate in 
close proximity to each other, and reactivation of VZV 
within the geniculate ganglion may involve both these 
nerves. This can lead to hearing loss and motor nerve 
loss due to involvement of the vestibular and the facial 
nerve, respectively. The ear and the anterior tongue 
develop the vesiculation seen in routine VZV infec-
tions. The motor loss may mimic Bell’s palsy, and 
hearing loss may be permanent. Other cranial nerves 
have been reported to be affected in Ramsay Hunt 
syndrome, but the seventh and eighth nerves are those 
most frequently affected by far.

Scarring may be a severe sequela of this infection, 
and it can be made worse by bacterial superinfection. 
The presence of any honey-colored crusting or expand-
ing erythema outside the dermatome should suggest the 
possibility of secondary impetigo or cellulitis. Prompt 
recognition and therapy are required to help prevent 
serious, disfiguring scarring.

The diagnosis is made clinically, and the Tzanck test 
can confirm the diagnosis. The presence of multinucle-
ated giant cells on a Tzanck preparation taken from  
a vesicular rash in a dermatomal distribution confirms 
the diagnosis. Viral culture can be performed, but is  
not cost-effective. Direct immunofluorescent antibody 
testing (DFA) is a rapid method to determine the viral 
cause, but it is expensive and is rarely needed in these 
cases.

Histology: Skin biopsies are not needed for diagnosis 
of this infection. If one were to biopsy a vesicle, bal-
looning degeneration of the keratinocytes would be 
present. This ballooning degeneration leads to the 
vesiculation and bulla formation. Multinucleated giant 
cells can be seen at the base of the blister. A mixed 
dermal inflammatory infiltrate is present.

Pathogenesis: Any individual previously infected with 
VZV in the form of chickenpox is predisposed to 
develop herpes zoster later in life. Most cases occur 
with advancing age, as cell-mediated immunity tends to 
wane with time. The virus remains latent in the nerve 
ganglia until it reactivates. The ability to reactivate and 
the exact signal for reactivation are unknown. Once the 
virus reactivates, it begins to replicate and to cause 
necrosis of the affected nerve cells. The virus travels 
along the cutaneous sensory nerves and eventually 
affects the skin that is innervated by the nerve root 
where the virus became reactivated.

Treatment: Treatment with antiviral medications 
from the acyclovir family should be instituted immedi-
ately. The sooner therapy is started, the better is the 
chance of decreasing the length of disease. Therapy 
may also decrease the incidence of postherpetic neural-
gia. The use of oral corticosteroids in conjunction with 
the antiviral medication has been advocated to help 

VARICELLA ZOSTER WITH KERATITIS
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the number of cases of herpes zoster and the freÂ�
quency of postherpetic neuralgia in those who do 
develop herpes zoster after vaccination. As with all  
live vaccines, its use in immunosuppressed patients is 
contraindicated.

Currently, the treatment of postherpetic neuralgia is 
not optimal. Amitriptyline, gabapentin, lidocaine 
patches, pregabalin, anticonvulsants, and opioids are all 
used with varying success.

HERPES ZOSTER (SHINGLES) 
(Continued)
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The warts are well defined and characteristically inter-
rupt the skin lines. This is in contrast to a callus, in 
which the skin lines are retained, and this sign can be 
used to differentiate the two conditions. Plantar warts 
can cause pain and discomfort if they are located in 
areas of pressure such as the heels or across the skin 
underlying the metatarsal heads. Palmar warts are very 
similar to plantar warts and have the same clinical 
appearance.

VERRUCAE (WARTS)

Verrucae are one of the most frequently encountered 
viral infections in humans. They are capable of causing 
disease in any individual, but severe infections seem to 
be more likely in those who are immunocompromised. 
Warts can affect any cutaneous surface, and unique wart 
subtypes are more prone to cause disease in different 
clinical locations. By far the most important aspect of 
infection with the human papillomavirus (HPV) is the 
ability of the virus to cause malignant transformation. 
This malignant potential is specific to certain subtypes 
and is especially a concern in women, who are at risk 
for cervical cancer. Most cases of cervical cancer can be 
traced to prior infection with certain HPV strains. In 
June 2006, the U.S. Food and Drug Administration 
approved the use of a prophylactic HPV vaccine in 
prepubertal girls. The vaccine is a recombinant quad-
rivalent vaccine against HPV types 6, 11, 16, and 18. 
Types 16 and 18 are believed to have been responsible 
for up to 70% of cervical cancers.

Clinical Findings: Verruca vulgaris, also called the 
common wart, is the most prevalent wart that infects 
the human. It can be located on any cutaneous surface. 
These warts often appear as small papules with a rough 
surface studded with pinpoint, dark purple to black 
dots. These dots represent the thromboses of the tiny 
capillaries within the wart. Most warts are between 
5â•¯mm and 1â•¯cm in diameter, but some can become quite 
large and encompass much larger areas of the skin. The 
coalescence of multiple warts into one larger wart is 
called mosaic warts. These are most commonly seen on 
the plantar aspect of the foot. Verruca vulgaris can come 
in many sizes and shapes. Most lesions spontaneously 
resolve within a few years. A good rule of thumb is that 
50% of verrucae will disappear spontaneously in 2 
years. Many distinctive clinical forms of warts exist.

The filiform wart is represented by a small verrucal 
papule with finger-like projections extruding from the 
base of the papule. The projections are typically 1 to 
2â•¯mm thick and 4 to 7â•¯mm long. They are commonly 
found on the face. The flat wart is frequently encoun-
tered and manifests as a 3- to 5-mm, flat papule with a 
slight pink to red to purple coloration. Flat warts are 
frequently seen on the legs of women and in the beard 
region of men, and they can be arranged in a linear 
pattern if the warts are spread during the act of shaving. 
Flat warts have been found to be highly associated with 
HPV types 3 and 10.

Plantar warts (myrmecia) are seen on the plantar 
aspect of the foot and are caused for the most part by 
HPV types 1, 2, and 4. They are deep-seated papules 
and plaques that may coalesce into large mosaic warts. 

Subungual and periungual warts, a subclassification 
of palmar/plantar warts, are found around and under 
the nail apparatus. These warts can cause nail dystrophy 
and pain on grasping of objects. They tend to affect 
more than one finger and can be more difficult to treat 
than the common wart. Long-standing periungual or 
subungual warts that have a changing morphology 
should be biopsied to rule out malignant transforma-
tion into a squamous cell carcinoma. This is not 
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spontaneously resolve. The others may or may not 
respond to therapy. This lack of universal treatment 
response is frustrating to patient and physician alike. 
Many destructive therapies are available, including 
liquid nitrogen cryotherapy, salicylic acid, trichloracetic 
acid, cantharidin, podophyllin, and bleomycin. Immu-
notherapy can be used to induce an immunological 
response; these options include imiquimod, interferon, 
squaric acid, and Candida skin test antigen. No single 

infrequently encountered, and a high clinical suspicion 
should be used when investigating these types of warts.

Ring warts are seen after various treatments of 
common warts, most frequently after liquid nitrogen 
therapy. The central portion of the wart resolves, 
leaving a ring-shaped or donut-shaped wart with central 
clearing. These warts can become larger than the wart 
originally treated.

Condylomata acuminata (genital warts) are often 
considered to be the most common form of sexually 
transmitted disease in the United States. These warts 
typically begin as small, flesh-colored to slightly hyper-
pigmented macules and papules. As they grow, they take 
on an exophytic growth pattern and have often been 
compared with the appearance of cauliflower. The 
warts may stay small and localized, or they may grow to 
enormous size, leading to difficulty with urination and 
sexual intercourse. Females with cervical genital warts 
are asymptomatic and may not realize they are infected. 
Routine gynecological examinations and Papanicolaou 
smears are the only reliable way to diagnosis cervical 
warts. Diagnosis is extremely important, because cervi-
cal warts are the number one cause of cervical cancer.

Histology: Skin biopsies of wart tissue show the 
pathognomonic cell called the koilocyte. This cell, 
when present, is highly specific and sensitive for HPV 
infection. It is a keratinocyte with a basophilic small 
nucleus and a surrounding clear halo. There are few to 
no keratohyalin granules in the koilocyte. Other find-
ings include varying amounts of hyperkeratosis, acan-
thosis, and striking papillomatosis.

Pathogenesis: Warts are caused by infection with 
HPV, of which more than 150 subtypes are known to 
cause human disease. They are small viruses with no 
lipid envelope, and they can stay viable for long periods. 
HPV has a double-stranded, circular DNA. A variety 
of subtypes are able to affect different regions of the 
body. HPV is capable of infecting human epithelium, 
including the keratinized skin and the mucous mem-
branes. It gains entry through slightly abraded skin or 
mucous membranes. The virus does not actively infect 
the outer stratum corneum but rather the stratum 
basalis cells. Like most viruses, HPV can produce early 
and late gene products. The early genes encode various 
proteins necessary for replication. These early gene 
products also play a role in malignant transformation 
of the infected cell. The exact mechanism is not com-
pletely understood. The late genes produce capsid pro-
teins. At least eight early genes are present, and two late 
genes are included in the viral DNA.

Treatment: Common warts can be treated in a 
number of ways. Approximately 50% of the lesions 

therapy appears to work better than any other, and 
patients often need to undergo a variety of treatments 
until they find one that works.

Genital warts should be treated with imiquimod or 
one of the destructive methods to decrease the risk of 
transmission. Women who are sexually active should 
undergo routine gynecological screening. The advent 
of the HPV vaccine may lead to a decreased incidence 
of genital warts and cervical cancer.

CONDYLOMATA ACUMINATA (GENITAL WARTS)
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such as autoimmune thyroid disease. It is believed to be 
polygenic in nature.

Treatment: Treatment consists of proper assessment 
of the patient and how the disease is affecting the 
patient’s life in general. Some individuals tolerate the 
condition without adverse psychological effects; for 
them, the best treatment is a watch-and-wait approach. 
Others with mild disease may have severe self-esteem 

ALOPECIA AREATA

Alopecia areata is an autoimmune disease that causes 
discrete circular or oval areas of nonscarring alopecia. 
This form of alopecia has several clinical variants, 
including alopecia totalis, alopecia universalis, and an 
ophiasis pattern. Therapy is often difficult. The disease 
can have profound psychological impact, especially in 
young patients. It is critical to address this issue, because 
the effects on the patient’s psychological well-being are 
often more severe than the actual hair loss.

Clinical Findings: Alopecia areata can affect indi-
viduals of any age but is most frequently seen in chil-
dren and young adults. It is estimated to affect 1% of 
the population. Both sexes are equally affected, and 
there is no race predilection. The first sign is hair loss 
in one specific area of the scalp. The hairs fall out in 
large numbers, especially when pulled. The patches of 
hair loss typically have an oval or circular pattern. 
There may be one or more than a dozen areas of 
involvement. The scalp hair is the most commonly 
affected region. The affected scalp is smooth without 
evidence of scarring or follicular dropout. Small, stubby 
hairs may be present at follicular openings and have 
been termed “exclamation point hairs.” All hair regions 
may be involved, including the eyebrows, eyelashes, and 
beard.

Alopecia areata has an unpredictable, waxing and 
waning course. Areas may begin to grow back as new 
patches form. It is not uncommon for a patient to have 
one solitary episode with spontaneous resolution and 
no future episodes. Some patients develop patches of 
alopecia intermittently over their lifetime. Complete 
loss of the scalp hair caused by alopecia areata is termed 
alopecia totalis. The rarest variant is alopecia universalis, 
which causes loss of all hair in all locations. These two 
forms of alopecia areata are very difficult to treat. 
Patients with both alopecia totalis and alopecia univer-
salis need psychological assessment, because the loss of 
hair has severe social and self-esteem consequences. 
Patients often benefit from consultation with a profes-
sional psychologist or psychiatrist. Alopecia areata 
support groups can be extremely helpful.

The ophiasis pattern of alopecia areata is less com-
monly seen. It involves the parietal scalp dorsally to the 
occiput bilaterally. The diagnosis is typically made on 
clinical grounds. A skin biopsy is rarely needed. The 
hair pull test is a diagnostic test that can be performed 
at the bedside. It is positive when more than three hairs 
are pulled out in and around the patch of alopecia 
areata. If the hair is actively shedding, this test should 
be performed only once, because the number of hairs 
removed is large and can be very upsetting to the 
patient. The hair that regrows is often lacking in 
pigment and appears white or gray. Over time, these 
white hairs are replaced with pigmented hairs as the 
hair pigmentation machinery begins to work again.

Histology: Skin biopsies of the scalp of an affected 
area show a dense lymphocytic infiltrate surrounding 
all the hair bulbs in what has been termed a “swarm of 
bees” pattern. There are increased numbers of catagen 
and telogen hairs. The epidermis is normal.

Pathogenesis: Alopecia areata is believed to be an 
autoimmune inflammatory disease of T cells that, for 
unknown reasons, attacks certain hair follicles. It may 
be seen in association with other autoimmune diseases 

Alopecia areata approaching the
alopecia totalis stage. This patient
has lost almost all of her scalp hair.

Alopecia areata with the characteristic
oval and circular areas of nonscarring
alopecia

issues and should be offered therapy. However, no 
therapy has been shown to be uniformly effective, and 
most have only anecdotal reports of efficacy. Topical 
retinoids and corticosteroids are used, as well as intra-
lesional steroid injections if the areas are small enough. 
Contact sensitization with squaric acid has had equivo-
cal results. Oral steroids should be avoided, because the 
long-term side effects do not warrant their use.
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to treat early in the course of disease to maximize the 
effects of the medication. Topical minoxidil may cause 
excessive hair growth on the forehead and temples if it 
is applied in these regions. This can be disconcerting 
for patients, and they need to be educated on the proper 
application of the medication.

Hair transplantation techniques continue to improve. 
The goal of surgery is to leave a natural-appearing  

ANDROGENIC ALOPECIA

Androgenic alopecia, also known as male pattern bald-
ness or female pattern hair loss, is a major form of hair 
loss. The age at onset is variable and likely has a genetic 
determination. Some men lose their entire scalp hair, 
resulting in baldness. Baldness is rare in women, 
because their hair loss manifests as varying grades of 
thinning.

Clinical Findings: There are variable degrees of male 
pattern hair loss. The Hamilton-Norwood scale has 
been used to grade the degree of hair loss. Grade I  
is manifested by receding frontal hair. Grade VII is 
near-total loss of the scalp hair with some sparing of  
the inferior occiput. The age at onset of androgenic 
alopecia in men can be any time from puberty into 
adulthood. Most men older than 50 years of age exhibit 
some form of androgenic hair loss. The Caucasian 
population is much more prone to developing andro-
genic alopecia than the African American or Asian 
population.

Female pattern hair loss can be more difficult to treat 
because of the importance society places on appearance 
and the psychological effects that hair loss can have on 
women. Most women do not go bald, but some develop 
severe thinning of the vertex. A characteristic finding 
in androgenic female pattern hair loss is preservation of 
the frontal hair line. This form of hair loss is seen more 
commonly in the postmenopausal population.

Histology: Evaluation of a 4-mm punch biopsy speci-
men by the horizontal method is the best technique to 
evaluate hair loss. In androgenic alopecia, the follicles 
are normal in number, but they show evidence of min-
iaturization. Vellus hairs are increased in number. 
Whereas the normal scalp has been shown to have a 
vellus-to-telogen hair ratio of 1â•›:â•›7, the ratio in andro-
genic alopecia is 1â•›:â•›3.5. The hair shaft diameters of the 
terminal hairs are inconstant, which corresponds to the 
miniaturization affect.

Pathogenesis: Androgenic alopecia has been shown 
to follow an autosomal dominant pattern of inheritance. 
It is believed to result from an abnormal response of 
the hair follicle to androgens (i.e., dihydrotestosterone). 
This androgen has been shown to cause miniaturization 
of the terminal hairs over successive hair cycles. As  
the hair follicles miniaturize, they become smaller with 
a thinner caliber. This causes less scalp coverage, which 
manifests as hair thinning. The actual hair follicles  
are not scarred or lost. Inhibition of the production of 
dihydrotestosterone from its precursor, testosterone, is 
one therapeutic tactic.

Treatment: Therapy for male pattern baldness 
includes use of the topical agent minoxidil 5%, applied 
twice daily, with or without the oral 5α-reductase 
inhibitor, finasteride. 5α-Reductase is the enzyme 
responsible for converting free testosterone into dihy-
drotestosterone. Both these agents have been shown in 
multiple randomized studies to decrease the rate of hair 
loss and increase the hair shaft diameter. These medica-
tions are well tolerated and have minimal side effects. 
Patients with prostate cancer should avoid the use of 
finasteride unless approved by their oncologist. The 
only option at present for women with androgenic alo-
pecia is topical minoxidil 2%. This has been shown to 
decrease the rate of hair loss.

Most patients who use minoxidil experience a slowing 
of hair loss, and some see increased growth. It is critical 
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hair pattern. This is best accomplished with minigrafts 
of 1 to 2 follicles at a time. A strip of the patient’s  
hair is removed from the occipital scalp, and each indi-
vidual hair is dissected out. The separated hair follicles 
are then tediously inserted into the desired areas. 
Patients can have an excellent result, and the trans-
planted hair appear to be resistant to the effects of 
dihydrotestosterone.
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exists, a nail biopsy should be considered. The nail plate 
is removed, and a subungual hematoma is easily distin-
guished from a tumor. Most subungual hematomas 
slowly grow outward toward the distal free edge of the 
nail. As the nail grows, its most proximal portion 
appears normal. The entire subungual hematoma even-
tually grows out and is shed or clipped off once it passes 
the hyponychium.

COMMON NAIL DISORDERS

Nail disorders are frequently encountered in the clini-
cal setting. They can occur secondary to an underlying 
systemic disorder or as a primary disease of the nail 
unit. The nail unit consists of the nail matrix, bed, and 
plate and the proximal and lateral nail folds. Disorders 
of the nail plate and nail bed can manifest in a variety 
of ways. Systemic disease can manifest through changes 
in the nail unit. Beau’s lines and Mees’ lines of the nail 
are two nail findings seen in systemic disease. Beau’s 
lines are caused by a nonspecific halting of the nail 
matrix growth pattern, and Mees’ lines are specific for 
heavy metal toxicity. Dilation of the capillaries of the 
proximal nail fold or cuticular erythema can be a sign 
of connective tissue disease. The complete skin exami-
nation should also include an examination of the nails, 
because they offer insight into the patient’s health.

One of the most serious nail unit disorders is mela-
noma of the nail matrix. Melanoma may manifest as a 
linear, pigmented band along the length of the nail. As 
time progresses, the proximal nail fold and hyponych-
ium may also become pigmented and involved with 
melanoma. The finding of pigment on the proximal nail 
fold has been termed Hutchinson’s sign. This sign is not 
seen in subungual hematomas. All new pigmented nail 
streaks should be evaluated and a biopsy considered. 
The biopsy requires nail plate removal and retraction 
of the proximal nail fold. The biopsy of a pigmented 
nail streak is performed within the nail matrix. Biopsies 
of the nail matrix may lead to a thinner nail or to 
chronic nail dystrophy due to disruption of the matrix. 
Subungual melanoma tends to be diagnosed late, 
because these tumors are easily overlooked or passed 
off as a subungual hematoma. It is critically important 
to differentiate the two.

Subungual hematomas are frequently encountered. 
Most are caused by direct trauma to the nail plate and 
nail bed, which causes bleeding between the plate and 
bed. Acute hematomas can be very painful. Most acute 
subungual hematomas are on the fingers and are caused 
by a crush injury or by a direct blow to the nail plate. 
As the blood accumulates under the nail plate, the pres-
sure created can cause excruciating pain. This can be 
easily treated by nail trephination. A small-gauge hole 
is bored into the overlying nail plate with a hot, thin 
metal object or small drill. Once the nail plate has been 
punctured, the blood that has accumulated under the 
nail freely flows out of the newly formed channel, and 
near-immediate pain relief is achieved. Most traumatic 
injuries to the nail unit do not cause these very painful 
hematomas but rather cause small amounts of blood to 
accumulate under the nail plate. Pain is absent or 
minimal. Most people remember some trauma to the 
nail, but others do not. This form of subungual hema-
toma can involve small portions of the nail or the entire 
nail. There is often a blue, purple, and red discoloration 
of the underlying nail. Occasionally, the nail plate has 
a black appearance and is easily confused with subun-
gual melanoma. The history can be misleading in these 
cases, because many patients with and without mela-
noma remember some form of trauma to the nail that 
might lead the clinician to pass the lesion off as a sub-
ungual hematoma. If any doubt about the diagnosis 

Acute paronychia.
Tender red nail fold,
commonly caused
by Staphylococcus
aureus

Onychomycosis of the fingernails. A KOH preparation
is done by scraping the crumbling nail plate
and examining it under the microscope.

Branching hyphae indicative
of a dermatophyte infection

COMMON FINGERNAIL DISORDERS

Mees’ lines. Mees’ lines
on fingernails and hyper-
pigmentation of the soles
are characteristic 
of arsenic poisoning.

Nail pits

Transverse ridges

Onycholysis

Psoriatic arthritis with nail
involvement. Sausage-shaped
digits, psoriatic skin plaques
and nail changes

Psoriatic nail changes
Subungal hematoma from trauma

Onychocryptosis (ingrown nail) is almost universally 
seen in the great toenail. It is caused by burrowing of 
the lateral portion of the nail plate into the lateral nail 
fold. As the nail punctures the lateral nail fold, it sets 
off an inflammatory reaction that causes edema, redness, 
pain, and occasionally purulent drainage. Secondary 
infection is common. Ambulation may become difficult 
because the pain forces the patient to avoid pressure. 
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can present with different variants of onychomycosis. 
The most frequent type is the distal and lateral subun-
gual onychomycosis. Other variants include white 
superficial onychomycosis and proximal subungual 
onychomycosis. Trichophyton rubrum is the most fre-
quent cause of all except white superficial onychomy-
cosis, which is caused most often by Trichophyton 
mentagrophytes. Superficial white onychomycosis mani-
fests with a fine, white, crumbling surface to the nail. 

The exact etiology of onychocryptosis is not entirely 
known, but it is believed to be caused, or at least made 
more likely, by improper trimming or removal of the 
lateral portion of the nail. If the nail plate is cut at 
varying angles or torn from its bed by picking, this may 
allow for the lateral free edge of the nail plate to enter 
into the lateral nail fold. Tight-fitting shoes have also 
been implicated as increasing the likelihood of develop-
ing ingrown nails. This condition is seen more fre-
quently in young men, but it can be seen in all age 
groups. The fingernails are rarely affected. Treatment 
consists of lateral nail plate removal with or without a 
lateral nail matrixectomy. After proper anesthesia, a nail 
plate elevator is used to free the involved portion of the 
nail. A nail splitter is then used to remove the lateral 
third of the nail. The freed nail is grasped with a nail 
puller, and the nail is removed with a gentle, back-and-
forth rocking motion. The portion of the nail that is 
removed from under the lateral nail fold is often larger 
than expected. Recurrent ingrown nails usually should 
be treated with nail matrixectomy. This destroys the 
lateral third of the nail matrix, eliminating the ability 
to form that portion of the nail and removing the 
potential nidus from causing further problems in the 
future. Application of phenol to the nail matrix after 
nail plate avulsion is one of the best methods for 
destroying the nail matrix. Bilateral nail fold involve-
ment on the same toe is not infrequently encountered, 
and the entire nail can be removed in these cases. Ony-
chocryptosis is not a primary infection of the nail unit, 
and any infection is believed to be secondary to the 
massive inflammatory response. This is in stark contrast 
to an acute paronychia.

Paronychia is a nail fold infection with either a bacte-
rial agent (as in acute paronychia) or a fungal agent (in 
chronic paronychia). Acute paronychia manifests with 
redness and tenderness of the nail fold. The redness and 
edema continue to expand, causing pain and eventually 
purulent drainage. Removal of the cuticle or nail fold 
trauma may lead to an increased risk for this infection. 
Staphylococcus aureus and Streptococcus species are the 
most frequent etiological agents. Chronic paronychia 
typically is less inflammatory and manifests with redness 
and edema around the nail folds. Many digits may be 
involved. At presentation, patients typically report that 
they have been having difficulty for longer than 6 to 8 
weeks. Tenderness is much less significant than in acute 
paronychia. Chronic paronychia is usually caused by a 
fungal infection of the nail fold with Candida albicans. 
Individuals who work in occupations in which their 
hands are constantly exposed to water are at higher risk 
for chronic paronychia. Therapy includes topical anti-
fungal and antiinflammatory agents.

A felon is often confused with acute paronychia,  
but it is a soft tissue infection of the fingertip pulp. It 
may arise secondary to an acute paronychia. The clini-
cal findings are those of a swollen, red, painful finger 
pad. The treatment is surgical incision and drainage 
together with oral antibiotics to cover S. aureus and 
Streptococcus species.

Onychomycosis is seen frequently in individuals of 
all ages, and its prevalence increases with age. Patients 

Onycholysis
(detachment
of the nail
from its bed)

Subungual 
hyperkeratosis

Distal subungual onychomycosis

COMMON TOENAIL DISORDERS

Yellow
longitudinal
spikes

Crumbling Splitting

Ingrown toenail.
Lateral nail fold
swollen, red
and tender

Deformed toenail.
Yellow, thickened 
nail plate with
subungual debris
caused by chronic
fungal infection

Subungual exostosis

Onychogryphosis. “Ram’s horn” nail. Nail plate is thick and curved.

When it is curetted off, the white areas of fungal 
involvement are found to affect only the outermost 
portion of the nail plate. The material is a combination 
of fungal elements and nail keratin. Therapy includes 
curetting the white involved portion of the nail and 
applying a topical antifungal agent for at least 1 month.

Distal and lateral subungual onychomycosis mani-
fests with thickened, yellow, dystrophic appearing nails 
with subungual debris. There are varying amounts of 

COMMON NAIL DISORDERS 
(Continued)
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plate and bed appear dull white with loss of the lunula. 
Half-and-half nails, also called Lindsay’s nails, are seen 
in patients with chronic renal failure. The proximal half 
of the nail is normal appearing, whereas the distal half 
has a brown discoloration. Yellow nail syndrome mani-
fests with all 20 nails having a yellowish discoloration 
and increased thickness of the nail plate. This syndrome 
is almost always seen in association with a pleural effu-
sion, often secondary to a lung-based malignancy.  

onycholysis (nail plate lifting off the nail bed). One nail 
may be solitarily involved but it is more common for 
several nails to be involved and for the surrounding  
skin to be involved with tinea manuum or tinea 
unguium. Fungal nail infections are much more fre-
quently seen on the toenails than on the fingernails. 
The nails can become painful, especially with ambula-
tion. Occasionally, the entire nail is shed as a result of 
significant onycholysis, and the nail that regrows will 
again be involved with onychomycosis. The thick and 
dystrophic nails may become a passage for bacterial 
invasion of the body. This is especially true in patients 
with diabetes. Bacteria can gain entrance into the skin 
and soft tissue via the abnormal barrier between nail 
and nail fold, and this can lead to paronychia, felon, and 
the most serious complication, cellulitis. Distal and 
lateral subungual onychomycosis almost always needs 
to be treated with an oral antifungal medication for any 
chance of a cure. Topical agents may be helpful in 
limited nail disease, but their use is typically limited to 
an adjunctive role. Oral azole antifungals, griseofulvin, 
and terbinafine have all been used, with similar results.

Psoriasis can affect the nails in many ways. Nail 
involvement appears more frequently in patients with 
severe disease and in those with psoriatic arthritis. The 
nails can show oil spots, pitting, ridging, onycholysis, 
and onychauxis (subungual hyperkeratosis). The oil 
spots are represented by a brownish to yellowish dis-
coloration under the nail plate and associated onycholy-
sis. The discoloration is caused by deposition of various 
glycoproteins into the nail plate. Nail pitting can be 
seen in other conditions besides psoriasis, such as alo-
pecia areata; it is caused by parakeratosis of the proxi-
mal nail matrix, which is responsible for producing the 
dorsal nail plate. Ridging and onychauxis is caused by 
the excessive hyperkeratosis of the nail bed, which is 
directly caused by psoriasis. Therapy for psoriatic nails 
can involve intralesional steroid injections or use of 
systemic agents to decrease the abnormal immune 
response that is driving the psoriasis.

Onychogryphosis (“ram’s horn” nail deformity) man-
ifests with an unusually thickened and curved nail that 
takes the shape of a ram’s horn.

A plethora of nail changes may be seen in response 
to systemic disease. Beau’s lines are horizontal notches 
along the nails that may be caused by any major stressful 
event. The stressful event typically is induced by pro-
longed hospitalization, which causes temporary inade-
quate production of the nail bed by the nail matrix. It 
is entirely corrected spontaneously as the individual 
improves. Mees’ lines are induced by heavy metal toxic-
ity, most commonly from arsenic exposure. They 
appear as a single, white horizontal band across each 
nail. Mees’ lines have also been reported in cases of 
malnutrition. Terry’s nails is the name given to nail 
changes seen in congestive heart failure and cirrhosis of 
the liver: More than two thirds of the proximal nail 
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Koilonychia is one of the most easily recognized defor-
mities of the nail; it is caused by iron deficiency. The 
nail plate develops a spoon-shaped, concave surface. 
Splinter hemorrhages may be a sign of bacterial endo-
carditis. Clubbing, which is defined as loss of Lovi-
bond’s angle, is typically caused by chronic lung disease. 
The nail unit can manifest disease in many ways, and 
awareness of the various nail signs can help the clinician 
diagnose and treat these conditions.

COMMON NAIL DISORDERS 
(Continued)
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Trichorrhexis invaginata is seen only in patients with 
the autosomal recessive Netherton syndrome. This hair 
shaft abnormality has been termed “bamboo hair” 
because of its resemblance to the growth rings of a 
bamboo plant. Another descriptive term is “ball and 
socket hair,” because it appears that the distal portion of 
the hair invaginates into the proximal hair cortex. The 
hair is brittle and breaks easily, leading to alopecia. The 
eyebrow hair is the best place to look for trichorrhexis 

HAIR SHAFT ABNORMALITIES

There are a wide variety of hair shaft abnormalities. 
Most are nonspecific clinical findings that can be seen 
in a multitude of underlying conditions, as well as in 
the normal individual. Trichoptilosis, known by the lay 
term “split ends,” is probably the most common hair 
shaft abnormality in humans. It is nonspecific and is not 
associated with any particular underlying syndrome. 
Trichoptilosis is believed to be caused by excessive 
trauma to the distal hair shaft. Trichorrhexis nodosa is 
another hair shaft abnormality that can be seen in indi-
viduals with no underlying disease state. A few highly 
specific hair abnormalities are indicative of particular 
disorders; for example, pili trianguli et canaliculi and 
trichorrhexis invaginata are seen only in uncombable 
hair syndrome and Netherton syndrome, respectively. 
The astute clinician uses knowledge of hair shaft abnor-
malities to help form a differential diagnosis and in 
some cases to confirm a diagnosis.

Pili torti is also known as “twisted hair” or “cork-
screw hair.” The hair twists on its axis in a corkscrew 
pattern. This twisting leads to increased pressure on the 
hair shaft, which results in early breakage and short, 
brittle hair. The involvement is almost exclusively on 
the scalp. Pili torti is nonspecific and can be found in a 
number of genetic skin conditions, including Björnstad 
syndrome, Menkes syndrome, and Crandall syndrome. 
It can also be seen as a primary hair disease with no 
underlying associations.

Monilethrix is a highly specific hair shaft abnormal-
ity. The hair has a beaded or undulating appearance, 
with nodes interspaced at regular intervals by abnor-
mally thin hair. It is inherited in an autosomal dominant 
fashion and is caused by a mutation in the hair basic 
keratin 6 gene (HB6), which is officially known as 
keratin 86 (KRT86). The hair is fragile and breaks in the 
thinned internode regions. The internode regions are 
devoid of pigment, and this feature is used to discrimi-
nate this condition from pseudo-monilethrix. There is 
no known therapy. Many afflicted individuals improve 
after puberty. It is almost never associated with systemic 
disease.

Trichorrhexis nodosa is a completely nonspecific 
finding that may be seen in healthy individuals. This 
hair shaft abnormality has been described as “broom-
stick hair” because of the appearance of the distal end 
of the broken hair, which resembles the bristles of a 
broom. Trichorrhexis nodosa is the most frequent 
reason for hair breakage. Trauma to the hair is caus-
ative. This trauma can be self-induced by rubbing or 
twisting, which results in fracturing of the hair and the 
appearance of trichorrhexis nodosa. This finding on 
microscopic examination can be helpful in evaluating 
hair loss secondary to trichotillomania or chemical-
induced alopecia.

Pili trianguli et canaliculus, also termed “spun glass 
hair,” is the diagnostic finding in uncombable hair syn-
drome. This rare and highly unusual syndrome is asso-
ciated with no underlying ill effects on the afflicted 
individuals. The hair is uncontrollable and impossible 
to comb straight. This effect is related to the abnormal 
triangular shape of the hair shaft as well as changes in 
the direction of the hair, which occur at uneven inter-
vals. The condition is inherited in an autosomal domi-
nant pattern and is believed to be the result of an 
abnormal inner root sheath. No therapy is needed, and 
most children with this condition spontaneously 
improve over time. The hair shafts appear almost tri-
angular under electron microscopy.

invaginata. Netherton syndrome is a multisystem 
disease caused by a mutation in the SPINK5 gene that is 
associated with erythroderma, alopecia, and elevated 
levels of immunoglobulin E. Ichthyosis linearis circum-
flexa is the name for the migratory, irregular, serpigi-
nous patches and plaques with a double-edged scale that 
are seen only in Netherton syndrome. The SPINK5 
gene encodes the serine protease inhibitor, Kazal type 5 
protein, which is important in epithelial desquamation.

Pili torti

Monilethrix

Trichorrhexis nodosa

Pili trianguli et canaliculi

Trichorrhexis invaginata
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process is preprogrammed and is different for all hair 
types on the body. The normal scalp can shed up to 100 
hairs per day. The hair follicle is remarkably capable of 
regeneration after the hair has entered into telogen 
phase. An unknown signal causes the hair follicle stem 
cells, which are located in the bulge region, to differ-
entiate and begin producing another hair, restarting the 
anagen phase. The bulge region is an area found in 
approximation to the insertion of the arrector pili 
muscle into the hair follicle.

NORMAL STRUCTURE AND 
FUNCTION OF THE HAIR 
FOLLICLE APPARATUS

The pilosebaceous unit is a complex apparatus that 
comprises a hair shaft and its follicle, sebaceous glands, 
arrector pili muscle, and, in some regions of the body, 
apocrine glands. Hair is a complex structure that is 
made of many different keratin proteins linked by disul-
fide bonds between neighboring cysteine amino acid 
molecules. The keratin molecules come in acidic and 
basic forms. An acidic keratin fiber localizes with a basic 
keratin fiber and cross-links via disulfide bonds.

The exact function of hair is unknown, but it is theo-
rized to act as an insulator for heat retention and has 
been postulated to be important to attract a mate. No 
matter what the function, humans can live a normal life 
without the presence of hair with no ill effects.

Hair comes in a variety of colors. The amount of 
melanin or pheomelanin in the hair shaft determines 
the exact color of the hair. With time, the production 
of hair pigment decreases, and the hair becomes dull 
gray or white. This process is unpredictable in a given 
individual, and even those within the same family may 
show striking differences in hair color change. As 
people age, the scalp hair usually tends to thin. This is 
considered to be a normal physiological process.

There are two main types of hair in the adult. Ter-
minal hair is thick hair that is present on the scalp, 
axilla, and groin and in the beard region in men. Vellus 
hair is the fine, thin, lightly pigmented hair that can be 
found in most areas of the body where terminal hair is 
not present. No hair is present on the lips, palms, soles, 
glans, or labia minora. Lanugo hair is present during 
fetal development and is predominantly seen in prema-
ture infants. This type of hair is shed in utero and 
replaced with vellus hair before delivery. Reversion of 
vellus hair and terminal hair back to lanugo hair is a 
sign of anorexia nervosa. Lanugo hair has a soft, fluffy 
white appearance.

The hair cycle is an extremely complex and highly 
coordinated process. The anagen phase is the growth 
phase. The anagen phase of the typical adult scalp hair 
lasts approximately 2 years. This growth phase is fol-
lowed by the catagen phase, which is a short (2 week) 
transition period during which the hair follicle trans-
forms from a growing, functioning hair into a club hair. 
This is followed by the telogen phase, which lasts 
approximately 2 months and ends with shedding of the 
club hair. Anagen hairs have a floppy, pigmented end 
that is easily distinguished from the telogen hair. 
Telogen hair is termed club hair because of its depig-
mented bulb at the proximal end. Catagen hairs are 
almost impossible to identify because they appear 
somewhere in the spectrum between anagen and 
telogen hair. The length of the anagen phase is respon-
sible for the overall length of the hair: The longer the 
anagen phase, the longer the hair can grow. This 
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Histological examination of a cross section of a ter-
minal hair shaft reveals a complex architecture. The 
hair is made up of various concentric layers. The inner-
most layer is the medulla, which is pigmented. The next 
layer is the cortex, followed by the cuticle, the inner 
root sheath (Huxley’s and Henley’s layers), and the 
outer root sheath. The outer root sheath seamlessly 
blends into the epidermis. The hair follicle undergoes 
trichohyalin keratinization, which is different from the 
keratohyalin keratinization of the epidermis.
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splitting), onychogryphotic nail (“ram’s horn” nail), 
leukonychia, median nail dystrophy, and onycholysis. 
These disorders are most often seen in isolation, with 
no underlying systemic abnormalities. Secondary nail 
disorders are seen in the presence of an underlying 
systemic disease; examples include koilonychia (caused 
by iron deficiency), nail plate pitting (many conditions 
including psoriasis and alopecia areata), pterygium 

NORMAL STRUCTURE AND 
FUNCTION OF THE NAIL UNIT

The human nail is composed of a specialized form of 
keratin. All 20 nails have the same chemical makeup; 
the only difference is in the size of the nail. The nail 
unit is made up of highly specialized structures. The 
nail matrix is the portion of the nail unit that is respon-
sible for production of the nail plate. The matrix lies a 
few millimeters behind the proximal nail fold, which 
ends as the cuticle (eponychium), and extends under the 
nail bed. Under the proximal nail bed, the nail matrix 
can often be appreciated as a half-circle termed the 
lunula. The color of the lunula is often creamy white 
with a hint of pink. Any damage to the nail matrix can 
potentially cause a temporary or permanent nail 
dystrophy.

The distal nail matrix is responsible for producing 
the ventral portion of the nail plate. The proximal nail 
matrix is responsible for producing the dorsal surface 
of the nail plate. The nail plate is made of keratin 
protein and is the hard portion of the nail. It is theo-
rized to be protective to the underlying nail matrix and 
distal phalanx, as well as being helpful with grasping 
and dexterity of the fingertips. The nail plate is firmly 
attached to the underlying nail bed via tiny, vertically 
arranged interdigitations. These tiny undulations help 
lock the nail plate into the nail bed below. The nail plate 
is an avascular structure, and the underlying nail bed is 
highly vascular.

The nail bed is attached to the epidermis via the 
proximal nail fold and the cuticle, as well as the lateral 
nail folds on either side of the nail. Damage to the 
cuticle, whether by accident or during manicures or 
pedicures, can increase the risk of bacterial or fungal 
infection within the nail or the skin of the nail folds. 
This can lead to acute or chronic paronychia or ony-
chomycosis. Improper trimming of the lateral aspects 
of the nail plate may lead to an ingrown toenail (ony-
chocryptosis). The distal nail plate is attached to the 
underling epidermis by the hyponychium. Damage to 
this portion of the nail unit may allow for bacterial  
or fungal infections to take hold under or within the 
nail plate.

The nails grow continuously throughout a person’s 
lifespan. Fingernails grow on average 3â•¯mm per month, 
and toenails grow a bit more slowly, on average 1â•¯mm 
per month. However, these growth rates are highly 
variable among individuals. Both hair keratin and skin 
keratin types have been described to comprise the 
various portions of the nail unit. The hair keratin Ha1 
and the skin keratins K5, K6, K16, and K17 make up 
the majority of the keratin types found in the adult nail. 
Other keratins have been identified during develop-
ment of the nail.

Primary and secondary nail disorders are commonly 
encountered. Primary nail disorders include onycho-
mycosis, onychocryptosis, onychoschizia (horizontal 

formation (lichen planus), longitudinal red and white 
streaks and distal V-shaped nicking (Darier’s disease), 
clubbing (pulmonary disease), and yellow nail syn-
drome (pleural effusion and lymphedema). All skin 
examinations should include evaluation of the nails, 
because many systemic diseases can manifest with nail 
findings, and these clinical signs may be the first signs 
of underlying disease.
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TELOGEN EFFLUVIUM 
AND ANAGEN EFFLUVIUM

Telogen effluvium and anagen effluvium are commonly 
encountered forms of nonscarring hair loss.

Clinical Findings: Telogen effluvium is a form of 
nonscarring alopecia that can result in dramatic thin-
ning of the scalp hair but rarely causes total hair loss. 
It has been found to be induced by a number of stress-
ors that cause the anagen hairs to abruptly turn into 
telogen hairs. This results in an abnormal number of 
hairs in the telogen phase and an increase in hair shed-
ding. The hair loss can be profound and disconcerting 
to the patient. Causes include childbirth, major illness 
or stress, surgery, and medications. The hair loss is less 
rapid than in anagen effluvium.

Anagen effluvium is a specific form of alopecia that 
is typically induced by chemotherapeutic agents. Alkyl-
ating agents such as busulfan and cisplatin and the anti-
tumor antibiotics (bleomycin and actinomycin D) are 
frequently responsible. Other agents have been impli-
cated, including the antimetabolites, topoisomerase 
inhibitors, and vinca alkaloids. The anagen phase hair 
is particularly sensitive to these chemotherapy agents, 
which inhibit proliferation of rapidly dividing cells. 
This form of hair loss is easier to diagnosis, because a 
history of taking one of the implicated chemotherapeu-
tic agents is critical in making the diagnosis.

Histology: Scalp biopsies are one of the best ways of 
confirming the diagnosis. The standard procedure is to 
obtain a 4-mm punch biopsy from the affected region. 
Instead of the routine vertical sectioning, horizontal 
sectioning is performed. Punch biopsies have been stan-
darized to 4â•¯mm. The presence of scarring, the form of 
inflammation, and the ratio of anagen to telogen hairs 
are evaluated. In telogen effluvium, a normal number of 
hairs are present without evidence of miniaturization. 
The ratio of telogen to anagen hairs is increased from 
the normal 5 to 10 telogen hairs per 100 anagen hairs to 
more than 20 per 100. Biopsies of anagen effluvium show 
a normal ratio of anagen to telogen hairs, but the anagen 
hairs exhibit some evidence of abnormality, either 
broken shafts or apoptosis of the hair.

Pathogenesis: Telogen effluvium can almost always 
be traced to a recent illness, surgery, iron deficiency, 
child bearing, or other major stressor in the patient’s 
life. Many medications have been reported to induce 
telogen effluvium, and the clinician should evaluate all 
medications taken. Dietary habits, especially crash 
dieting and anorexia nervosa, may lead to telogen efflu-
vium. The hair follicles are not scarred and eventually 
grow back after the stressors have been resolved. 
Because the beginning of hair loss may be delayed after 
the stressful event, by 3 to 4 months on average, the 
patient may not realize the relationship.

Treatment: The treatment of telogen effluvium con-
sists of determining the etiology and educating the 
patient. It is important to rule out an underlying disor-
der (e.g., iron deficiency, hypothyroidism) that may be 
triggering the hair loss. Once this has been accom-
plished, patients need to be educated and reassured that 
telogen effluvium almost always resolves within 6 to 8 
months, and they may expect full regrowth. Supple-
mental vitamins and topical minoxidil have not been 
vigorously tested as therapies for telogen effluvium, and 
their use cannot be scientifically advocated. Referral to 
a psychological counselor may be appropriate in situa-
tions such as eating disorders.

Anagen effluvium is related to the use of chemothera-
peutic agents to treat systemic cancer. The therapy 
should not be stopped because of this side effect. After 
therapy has been completed, most patients regrow their 
hair. Patients have reported many changes in the color, 
texture, and curling of their newly grown hair. These 
changes have not been fully explained. Topical minoxi-
dil may shorten the duration of anagen effluvium, but 

its prophylactic use has not been helpful in preventing 
it. More studies are needed to confirm these findings. 
At this point, education and reassurance are the most 
important therapeutic considerations. Most patients 
will regrow their hair, and for the few that do not, other 
options exist. The use of hair pieces has been expanded 
for many medically related forms of alopecia.

Telogen effluvium
has a broad range
of etiological causes.

Anagen effluvium

Anagen hair
 
Hockey stick–shaped hair shaft with pigment throughout the entire hair shaft 

Telogen hair
 
Club hair
with
minimal
pigment
in the bulb

Anagen effluvium caused by a systemic
chemotherapy agent result in patchy
alopecia and easily removed hair.
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a means to help the child become aware of the  
hair manipulation. Negative punishment tends to be 
ineffective. In some cases, a child psychologist or  
psychiatrist can be extraordinarily helpful in treating 
these patients.

Adults with trichotillomania have an entirely differ-
ent clinical course. Most cases are chronic, and most 

TRICHOTILLOMANIA

Trichotillomania is defined as the compulsive act of 
deliberate hair plucking, pulling, or twisting that causes 
hair breakage. There has been a push to rename this 
condition trichotill to remove the negative connotation 
of “mania” from the diagnosis. Two subgroups of 
patients with trichotillomania exist. The first is a 
younger population of mostly elementary school–aged 
children, and the second is the adult population. The 
younger the patient is at the time of diagnosis, the 
better the overall prognosis for a cure.

Clinical Findings: Patients present with bizarre con-
figurations of hair loss. This is often the first clue to the 
diagnosis. On close inspection, the hairs are often 
broken off close to the surface of the skin. A white 3 × 
5 inch card can help as a background to appreciate the 
damage to the hairs. Many broken hairs of varying 
lengths are present. Hair shafts may show a twisting 
morphology. If the patient is evaluated soon after the 
hair pulling has been performed, pinpoint amounts of 
hemorrhage may be appreciated at the follicular open-
ings. Microscopic examination of the ends of the hairs 
may show fracturing of the hair shaft and trichorrhexis 
nodosa. Most patients are not aware of the actions that 
are causing their hair loss. It is imperative to not be 
judgmental during patient visits, and the importance of 
developing a good rapport cannot be overestimated. 
One useful request that can be asked of patients is, 
“Show me how you manipulate your hair.” Often 
patients unconsciously start to twist or tug at their hair. 
It is important to educate the parents to observe their 
child for any evidence of hair manipulation. After this 
form of education, the parents often become aware of 
the manipulation. It is important for them not to scold 
the child when this is taking place but rather to try to 
distract the child with positive reinforcement. Almost 
all children eventually outgrow the condition, and their 
hair then returns to normal.

Adults with trichotillomania have a much more 
chronic course. They typically have no insight into 
their condition. They commonly go from one doctor 
to another seeking therapy. In adults, biopsies are  
critically important to obtain objective diagnostic  
information. Referral to a psychologist or psychiatrist 
should be strongly considered for adult patients with 
trichotillomania.

Histology: Histopathological evaluation show a non-
inflammatory, nonscarring alopecia. Characteristic to 
this diagnosis is the presence of trichomalacia, which is 
seen as follicular damage within the hair follicle. 
Varying degrees of follicular red blood cell extravasa-
tion are appreciated. Melanin pigment casts within the 
hair follicle are commonly seen. Overall, the number of 
hair shafts is normal. The performance of a scalp biopsy 
is advocated by many to give the patient or family 
objective information about the diagnosis.

Pathogenesis: Trichotillomania is a self-induced 
form of hair loss that is caused by intentional twisting, 
plucking, pulling or other forms of direct damage to the 
hair shaft. This can be a conscious or an unconscious 
behavior. Most cases involve some form of emotional 
disturbance, and one must be cognizant of this when 
addressing the patient and family.

Treatment: Trichotillomania may be considered in 
the spectrum of obsessive-compulsive disorders. Most 
children eventually abandon the actions that have 
caused their hair loss. Most cases in children are pre-
cipitated by emotional stress, and they tend to improve 
as that stress resolves. Positive reinforcement can be  

patients never develop insight into their disease. Under-
lying psychological conditions may be at the root of  
the issue, and cognitive therapy in the care of a psychia-
trist or psychologist may be instrumental in helping 
these patients. The use of medications traditionally  
prescribed for obsessive-compulsive disorders may be  
warranted in the adult patient.

Trichomalacia is one of the histological
hallmarks of trichotillomania.

Bizarre area of hair loss in a child caused by trichotillomania
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BERIBERI

Beriberi is a nutritional deficiency state that is caused 
directly by a lack of thiamine (vitamin B1) in one’s diet 
or by a lack of proper absorption of the vitamin. A rare 
form of acquired thiamine deficiency occurs after the 
ingestion of thiaminase, an enzyme that cleaves thia-
mine into a nonfunctional state. These cases are exceed-
ingly rare and are considered to occur after an accidental 
poisonous ingestion of a source high in thiaminase. 
Thiamine deficiency is a rare occurrence in most of the 
world but is still seen in people whose food supply is 
based primarily on polished rice. The other major cause 
of the disease is alcoholism. Alcoholics who obtain most 
of their caloric intake from alcohol may be deficient in 
a multitude of B vitamins including thiamine. Thiamine 
deficiency may be seen in neonates and infants who are 
breast feeding from mothers with borderline thiamine 
deficiency. The principal food sources of thiamine are 
fresh meats, liver, whole wheat bread, and vegetables. 
Nonpolished brown rice is also a good source of thia-
mine. Thiamine is absorbed in the gastrointestinal tract 
in the proximal jejunum.

Thiamine deficiency has been reported in cases of 
short gut syndrome and after bariatric surgery in which 
large parts of the jejunum are bypassed and absorption 
of thiamine is dramatically decreased. Most of these 
cases were complicated by the fact that patients were 
not following their prescribed diets. Beriberi has also 
been reported in patients with human immunodefi-
ciency virus infection and in some people taking long-
term furosemide therapy without adequate thiamine 
intake. Furosemide has been shown to increase the rate 
of excretion of thiamine from the kidneys.

Thiamine is a water-soluble vitamin that is critical in 
the formation of the energy storage molecule, adenos-
ine triphosphate (ATP). Thiamine is crucial for the 
proper functioning of both glycolysis and the Krebs 
cycle. The U.S. Nutrition Board of the Institute of 
Medicine, National Academy of Sciences, has desig-
nated 1.2â•¯mg/day of thiamine as the normal recom-
mended daily intake for men and 1.1â•¯mg/day for 
women.

Clinical Findings: The disease is most frequently 
seen in Asia, where polished rice is one of the main food 
sources. Alcoholics are at very high risk for develop-
ment of this vitamin deficiency. There is no race or 
gender predilection, and it can occur in all people. The 
clinical findings in beriberi are highly variable and are 
dependent on the level of deficiency and the patient’s 
underlying comorbidities. The organ systems most 
commonly involved are the central nervous system 
(CNS) and the muscular system. Two major forms of 
beriberi occur, although there is much overlap. Dry 
beriberi is a form of the disease in which the CNS 
symptoms predominate. Wet beriberi is the form in 
which the predominant symptoms are salt retention and 
congestive heart failure. Infantile beriberi is rare but is 
manifested by a combination of dry and wet beriberi 
with severe CNS depression, heart failure, and sudden 
death.

The first signs and symptoms of dry beriberi are 
typically those of a peripheral neuropathy and of muscle 
disease involving both skeletal and smooth muscle. Dry 
beriberi typically manifests with increasing fatigability, 
muscle weakness, paresthesias, a decrease in deep 
tendon reflexes, and loss of sensation. As the disease 
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progresses, patients may develop a foot or wrist drop 
(flaccid paralysis). The lower extremity is typically 
affected before the upper. Loss of muscle mass may  
be prominent. Elevated levels of creatinine phosphokinÂ�
ase are seen, as well as a creatinuria. Weakness is 
profound.

Wet beriberi predominantly affects the muscle tissue, 
particularly the cardiac system. The end stage is 

high-output cardiac failure; without treatment, death 
follows. Beriberi rarely causes death if the diagnosis  
is made and proper treatment is instituted before  
end-stage heart failure sets in. Patients with wet  
beriberi experience a decrease in diastolic blood pres-
sure and minimal change in systolic pressure, resulting 
in an overall increase in the pulse pressure. Tachycardia 
is prominent. As heart failure develops, pulmonary 
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edema and fluid retention occur, causing dependent 
edema and difficulty breathing. Cyanosis may occur 
from poor oxygenation. Laboratory testing shows an 
increased QT interval on electrocardiography and 
increased serum levels of lactic acid, pyruvate, and 
α-ketoglutarate. Chest radiography shows an enlarged 
heart with dilation of the right side and pulmonary 
congestion, edema, or both.

The skin findings of beriberi are not specific, but 
when seen in conjunction with the rest of the clinical 
picture, they can definitely help make the diagnosis. 
The cutaneous findings of wet beriberi consist of cya-
nosis of the skin with variable amounts of peripheral 
edema. The skin has a waxy appearance and feel. Cuta-
neous pallor is prominent and, along with the cyanosis, 
gives the patient an ill appearance. Pallor is a common 
skin finding in dry beriberi as well. Patients may also 
present with accidental traumatic injuries to their 
extremities related to lack of sensation from the periph-
eral neuropathy. Hair loss has been reported, but most 
believe that this is secondary to a combination of niacin 
and thiamine deficiency.

The excretion of thiamine via the kidneys is markedly 
decreased in beriberi. Normally, 70 to 150â•¯µg of thia-
mine is excreted per gram of creatinine. In beriberi, that 
level can drop to zero.

Histology: Biopsy specimens of the skin in patients 
with beriberi are of no clinical usefulness. A skin biopsy 
from an area of cyanosis or pallor shows normal skin. 
A biopsy from one of the waxy areas may show variable 
mild degrees of acanthosis and parakeratosis. A muscle 
biopsy shows vacuolization and hyalinization of the 
muscle fibers. An inflammatory process may be present 
that can cause varying degrees of necrosis of the muscle. 
The muscle fibers may show diffuse or focal fiber 
necrosis. These changes are most prominent in the 
cardiac muscle. In patients who develop Wernicke’s 
syndrome, postmortem examinations of the brain have 
revealed small hemorrhages within the hypothalamus 
and upper brainstem. Peripheral nerve tissue shows 
noninflammatory degeneration of the neurons with 
atrophy and chromatolysis. This can occur in the 
neurons of the peripheral nervous system and the CNS.

Pathogenesis: All forms of beriberi are caused by a 
nutritional deficiency of thiamine. Thiamine is a critical 
vitamin that is needed for carbohydrate metabolism. 
Thiamine is the precursor for thiamine pyrophosphate 
(TPP). It is converted to TPP by the addition of one 
ATP molecule. TPP is needed as a cofactor for the 
proper function of many metabolic pathways. TPP 
helps transfer an aldehyde group from a donor to a 
beneficiary chemical structure. Three major energy-
producing pathways are modulated by TPP: glycolysis, 
the Krebs cycle, and the pentose shunt (hexose mono-
phosphate shunt). The hexose monophosphate shunt is 
important in producing other cofactors that play impor-
tant biochemical roles for donation of hydrogen. The 
overall chemical state that occurs in patients with thia-
mine deficiency is a lack of ability to produce sufficient 
quantities of cellular ATP. This lack of the main source 
of energy for the cell results in the clinical findings. The 
nervous tissue and muscle tissue are particularly prone 
to damage from failure to produce sufficient ATP.  

Common early manifestations

CLINICAL MANIFESTATIONS OF DRY AND WET BERIBERI
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It has been estimated that 3 to 6 weeks of a thiamine-
free diet in an average human is sufficient to cause 
development of the initial signs and symptoms of 
beriberi.

Treatment: Therapy consists of supplementation of 
the patient’s diet with 50â•¯mg/day intramuscularly of 
thiamine until the symptoms resolve. Treatment should 
also include other B-complex vitamins, because many 

patients who are deficient in one B vitamin also have 
low levels of the others. A nutritionist should be con-
sulted to educate the patient on the need for a proper 
diet and how to achieve this. Alcoholics are prone to 
recurrence of beriberi and should be encouraged to 
participate in alcohol abstinence programs and to take 
a daily multivitamin supplement. The symptoms rapidly 
reverse on replacement of thiamine.

BERIBERI (Continued)
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HEMOCHROMATOSIS

Hemochromatosis is a fairly common autosomal reces-
sive genetic disorder of iron metabolism that leads to 
excessive iron absorption and eventually iron overload. 
Iron progressively accumulates in various tissues 
throughout the body, with the liver most severely 
affected. Most cases are caused by a genetic mutation 
in the hemochromatosis gene, HFE. This mutation is 
carried by approximately 10% of the population. The 
disease signs and symptoms typically do not appear 
until after child-bearing age, usually in the sixth or 
seventh decade of life.

Clinical Findings: Caucasian males are the most fre-
quently affected, and there is variability of carrier rates 
among populations. For example, in Ireland the rate of 
homozygosity for the C282Y mutation in HFE is 1 in 
85 individuals. The overall incidence worldwide is 
probably about 1 in 350.

The clinical manifestations of hemochromatosis 
patients who are homozygous for the mutated HFE 
gene can be quite variable. Classic hemochromatosis 
includes three main components: liver cirrhosis, diabe-
tes, and generalized skin pigmentation. These symp-
toms are caused, respectively, by a persistent chronic 
accumulation of iron in the liver and in the pancreas 
and by iron deposition in the skin with increased 
melanin production. Cirrhosis is the main cause of 
morbidity and mortality, and it dramatically increases 
one’s risk for hepatocellular carcinoma.

Cutaneous findings include a generalized bronze dis-
coloration of the skin. This diffuse pigmentation is one 
of the first signs of the disease. This finding, along with 
diabetes, has led to the name “bronze diabetes” to 
describe the condition. Nails can be brittle and show 
varying degrees of koilonychia. There is widespread 
generalized hair thinning and loss, affecting all terminal 
hair locations. Arthritis is a common finding in these 
patients and can also be seen in asymptomatic hetero-
zygous carriers of the disease.

Histology: Histology of the skin is not useful for 
diagnosis. Liver biopsies show varying degrees of 
damage on a spectrum from fibrosis to cirrhosis. The 
Prussian blue stain is used to accentuate the iron within 
the hepatocytes and the cells of the biliary tract. There 
is less iron accumulation in the Kupffer cells, which is 
the direct opposite of the findings in states of iron 
overload.

Pathogenesis: The HFE gene is located on the short 
arm of chromosome 6 and is mutated in this autosomal 
recessive genetic disorder of iron metabolism. The 
most frequently encountered genetic mutation is the 
C282Y mutation. Normal iron regulation is dependent 
on absorption of iron from dietary sources and normal 
losses. Regulatory mechanisms allow for equalization of 
iron absorption to balance the iron losses in normal 
physiological states. The defect in HFE leads to abnor-
mal regulation of cellular uptake of iron as well as a loss 
of regulation of ferritin levels. The result of the exces-
sive iron deposition is an increase in free radical oxygen 
species and their destructive interactions with various 
tissues. In the liver, this leads to fibrosis and eventually 
cirrhosis.

Treatment: Therapy requires removal of the exces-
sive iron. This is best accomplished by routine sched-
uled phlebotomy. Phlebotomy decreases the amount of 
iron stores and is used to attempt to prevent the pro-
gression to cirrhosis. Prevention of cirrhosis is the 
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single best predictor of morbidity and mortality in these 
patients. The goal in most patients is to keep the hemo-
globin in the range of 12â•¯g/dL. Other methods to 
remove excessive iron include erythrocytapheresis and 
iron chelation therapy. Erythrocytapheresis is a method 
by which predominantly red blood cells are removed 
from the blood while the serum, white blood cells, and 
platelets are returned to the patient’s bloodstream. Iron 

chelation therapy with intravenous deferoxamine has 
been helpful for patients who cannot tolerate blood 
removal procedures. Methods to try to decrease the 
absorption of iron from the gastrointestinal tract can 
also be attempted. These treatments have shown the 
best results if implemented before evidence of cirrhosis 
is present. The importance of genetic counseling 
cannot be overemphasized.
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METABOLIC DISEASES: NIEMANN-
PICK DISEASE, vON GIERKE 
DISEASE, AND GALACTOSEMIA

There are a plethora of metabolic diseases that can  
have various cutaneous skin findings. These conditions, 
on the whole, are uncommon and are rarely encoun-
tered by the practitioner except in a tertiary referral 
center. However, knowledge of these uncommon dis-
eases is important, because prompt recognition and 
diagnosis can lead to proper referrals and a better 
outcome for all involved. Three such metabolic disor-
ders are Niemann-Pick disease, von Gierke disease, and 
galactosemia.

Niemann-Pick disease is a heterogenous group of 
conditions resulting from inability to properly metabo-
lize sphingomyelin. There are three clinical variants, 
which have been designated types A, B, and C. They 
are all inherited in an autosomal recessive pattern, with 
the highest prevalence in people of Ashkenazi Jewish 
descent. Most cases are fatal in early childhood. Mental 
delay is profound. The disease results in massive hepa-
tosplenomegaly caused by the excessive accumulation 
of sphingomyelin in various tissues. Niemann-Pick 
disease is caused by an abnormal lysosomal lipid enzyme 
degradation system, and it is therefore considered to be 
a lysosomal storage disease. Sphingomyelin is degraded 
into ceramide by the action of the enzyme sphingomy-
elinase. Type A and type B disease are similar in that 
the ASM gene, which encodes the acid sphingomyelin-
ase enzyme, is mutated. This mutation leads to an 
inability of the lysosomes to metabolize sphingomyelin. 
Sphingomyelin accumulates in the liver and spleen. 
Severe neurological disorders occur in type A disease, 
but not in type B, and this is the only factor differentiat-
ing the two. Patients present in infancy or early child-
hood. Skin findings include xanthomas and a waxy skin 
surface. Retinal examination reveals a cherry-red spot 
on the fovea. Niemann-Pick type C disease, which is 
caused by a mutation in the NPC1 or the NPC2 gene, 
does not involve any cutaneous findings. The cells are 
unable to normally process endocytosed cholesterol. 
Treatments are limited, with stem cell transplantation 
having been used with some efficacy.

von Gierke disease, also known as glycogen storage 
disease type I, can be subdivided into types Ia and Ib. 
These autosomal recessive diseases are caused, respec-
tively, by defects in the enzymes glucose-6-phosphatase 
and glucose-6-phosphatase translocase. These defects 
prevent normal gluconeogenesis from glycogen stores. 
Patients develop profound hypoglycemia during periods 
of fasting because they are unable to break down 
glucose-6-phosphate into glucose within the liver. This 
leads to a fatty liver and increased glycogen storage. 
Glucose-6-phosphate is shunted into glycolysis, which 
results in increased lactate production.

Cutaneous findings in von Gierke disease include 
extensor xanthomas on the knees and elbows. Patients 
have a peculiar facies that has been described as a “doll-
like face.” This has been shown to be caused by an 
increased amount of fatty tissue deposited in the cheeks. 
Patients have frequent nose bleeds and severe gingivitis 
along with oral ulcerations. During periods of hypogly-
cemia, cyanosis may be very noticeable, and it may lead 
eventually to hypoxic brain injury. These patients are 
also at higher risk for skin infections due to an abnormal 
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neutrophilic response to gram-positive bacteria. Treat-
ment is based on a diet of 60% to 70% carbohydrates 
to avoid episodes of hypoglycemia.

Galactosemia is a rare autosomal recessive disorder 
that results from a defect in the enzyme galactose-1-
phosphate uridyltransferase. It is caused by a mutation 
of the GALT gene on the short arm of chromosome 9. 
This mutation results in an increase of galactose-1-
phosphate in various tissues. Nervous tissue, the lens, 
and the liver are areas of massive accumulation. This 

leads to the sequelae of the disease, predominantly 
mental delay, cataracts, and liver disease. The main 
cutaneous findings are jaundice secondary to liver 
disease and cutaneous signs of coagulopathy such as 
petechiae and hemorrhage. Cataracts are a well-known 
sign of galactosemia and are directly caused by the 
accumulation of galactitol in the lens, which results in 
edema and eventual cataract formation. Therapy 
requires the strict avoidance of galactose and lactose in 
the diet.
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PELLAGRA

Pellagra is caused by inadequate dietary intake of niacin 
(nicotinic acid, vitamin B3) or its precursor amino acid, 
tryptophan. It has also been discovered to occur on 
occasion in patients with carcinoid syndrome. In this 
syndrome, tryptophan is used entirely to produce sero-
tonin, and there is none left to produce niacin. Pellagra 
was first identified as a unique disease in the early 1700s 
by a Spanish physician, Gaspar Casal, who observed it 
in Spanish peasants who ate diets almost entirely made 
of corn and corn-based foodstuffs. He named the 
disease “Asturian leprosy” after the region of Spain he 
was studying. An Italian physician, Francesco Frapoli, 
who studied the disease in endemic regions of northern 
Italy, later named it pellagra.

Pellagra has been dominant in regions of the world 
that rely heavily on corn as the main dietary staple. In 
the early twentieth century, the southern United States 
was inundated with cases of pellagra. Joseph Gold-
berger, a physician and epidemiologist studying the 
disease, discovered that pellagra was caused directly by 
a deficiency of vitamin B. He was unable at that time 
to isolate the specific B vitamin, but he has been given 
credit for discovering the cause of pellagra.

Clinical Findings: Pellagra can affect any individual 
regardless of race or gender. The incidence in the 
North America and Europe is low, and cases are mainly 
caused by abnormal diets and alcoholism. The disease 
can still be seen in endemic regions of the world where 
corn is the main food source. The clinical cutaneous 
hallmark of pellagra is a severe dermatitis. The derma-
titis is photosensitive, and exposure to the sun often 
brings out the rash or exacerbates it. Patients often 
present initially after having spent many hours outdoors 
on an early spring day. The dermatitis is symmetric and 
is manifested by eczematous patches and thin plaques 
that tend to be tender to the touch. There is a fine line 
of demarcation between abnormal and normal skin. 
The head, neck, and arms are the most involved regions 
because of their higher level of sun exposure. The der-
matitis along the anterior neck and upper thorax has 
been termed Casal necklace. This is represented by 
weeping pink and red patches and plaques in a distribu-
tion like that of a necklace touching the skin circumfer-
entially around the neck. Because of its photosensitive 
nature, the dermatitis of pellagra often spares the skin 
directly behind the ears and beneath the chin. The 
nose, forehead, and cheeks are prime regions of involveÂ�
ment. Non–sun-exposed areas can also be involved,  
and the intertriginous regions are almost universally  
affected, including the perineum, axillae, and inframam-
mary skin folds. The reason for the propensity to affect 
these non–sun-exposed regions is poorly understood 
but may be related to chronic friction that induces the 
dermatitis. In the areas of involvement, small vesicula-
tions may occur because of separation of the epidermis 
from the dermis.

As time progresses, the dermatitis begins to desqua-
mate. This process begins in the central portions of the 
dermatitis and spreads outward in a centrifugal manner. 
As the skin desquamates, it leaves behind red, eroded 
patches and plaques. Chronic involvement leaves per-
manent scarring and abnormal hyperpigmentation or 
hypopigmentation of the area. The epidermis over 
bony prominences (e.g., ulnar head) shows marked 
hyperkeratosis.

Mucous membrane involvement is common in all 
vitamin deficiency states, and pellagra is no exception. 
Angular cheilitis and a red, shiny, edematous tongue 

with atrophied papillae are seen routinely in patients 
with pellagra. The oral and gastrointestinal mucous 
membranes may be involved. Oral ulcerations are fre-
quently seen. Patients routinely complain of a sore 
mouth and difficulty swallowing; these symptoms can 
lead to further lack of proper nutrition, exacerbating 
and compounding the disease.

Diarrhea is commonplace and is caused by the effect 
of niacin deficiency on the gastrointestinal tract. The 
diarrhea is watery and further complicates the patient’s 
nutritional status and electrolyte and fluid balances. 
Blood and purulence may be present in the watery diar-
rhea as a result of ulceration and abscess formation. 
Ulcerations can be seen throughout the gastrointestinal 
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tract, as can cystic dilation of the mucous glands. The 
colon may show small submucosal abscesses.

Subtle neurological findings precede full-blown 
encephalopathy in pellagra. These clinical findings 
include poor concentration, headaches, and apathy. 
Dementia eventually sets in as the disease causes a 
diffuse encephalopathy. The encephalopathy may 
mimic psychiatric disease, especially depression with 
suicidal tendency. Other well-defined symptoms include 
confusion, hallucination, delirium, insomnia, tremor, 
seizures, and extrapyramidal rigidity. The entire central 
nervous system is involved in severe pellagra. Cortical 
nerve cells show degeneration. The Betz cells show 
chromatolytic changes with displacement of the nucleus 
toward the cell wall. There is an increased amount  
of adipose in the nerve cells as well as an increase in  
the lipofuscin pigment within the cytoplasm of these 
cortical cells. The posterior columns may undergo 
demyelination, leading to tremor, gait disturbance, and 
movement difficulties. Chromatolysis has been shown 
to occur in the pontine nuclei, spinal cord nuclei, and 
multiple cranial nerve nuclei. As the encephalopathy 
progresses, disorientation and delirium take over, and 
the patient eventually slips into a coma. Death may 
shortly ensue unless the disease is diagnosed and treated 
appropriately. These unique clinical findings seen in 
pellagra can be simplified in the oft-quoted mnemonic, 
“4 D’s”: dermatitis, diarrhea, dementia, and death.

The diagnosis is typically made on clinical grounds, 
and laboratory analysis is used for confirmation. One 
should always consider other vitamin deficiencies when 
evaluating a patient with pellagra. The 24-hour urine 
secretion of N-methyl nicotinamide is normally in the 
range of 5 to 15â•¯mg/day; in patients with pellagra, it is 
less than 1.5â•¯mg/day. Measurement of this metabolite 
serves as an easy, noninvasive test to confirm the defi-
ciency of niacin. Serum niacin levels can be measured 
directly, although they are not as accurate as the urinary 
excretion levels.

Histology: The skin biopsy findings are nonspecific 
and show epidermal pallor with a mixed inflammatory 
infiltrate that is predominantly composed of lympho-
cytes in a perivascular location. Occasional areas of 
inflammatory vesiculation within the epidermis may  
be seen.

Pathogenesis: Niacin is an essential vitamin that is 
found in many food sources, including whole grain 
breads and meats. Patients whose diet is deficient in 
niacin are seen in regions of the world where corn is 
the main food source. Various levels of niacin deficiency 
occur. This disease can also be seen in alcoholics who 
do not maintain a balanced diet and receive almost all 
their caloric intake from alcoholic products. Patients 
who develop pellagra also have a diet deficient in tryp-
tophan. Major sources of tryptophan include eggs and 
milk. Tryptophan is a precursor of niacin and can be 
converted to niacin. Niacin is required for the proper 
production of nicotinamide adenine dinucleotide 
(NAD) and nicotinamide adenine dinucleotide phos-
phate (NADP), important coenzymes for many bio-
chemical reactions. Both molecules are capable of 
acquiring two electrons and acting as reducing agents 
in various reduction-oxidation (redox) reactions. When 
a deficiency of niacin occurs, many biochemical reac-
tions throughout the human body cannot be properly 
performed, and the clinical manifestations occur.

Carcinoid syndrome is a rare cause of pellagra. Car-
cinoid is a syndrome of excessive secretion of serotonin. 

Tryptophan is the precursor for serotonin as well as 
niacin, and in this syndrome all tryptophan is shunted 
to make serotonin at the expense of tryptophan. This 
results in decreased production of niacin and, poten-
tially, the clinical symptoms of pellagra.

Treatment: Pellagra rapidly responds to supplemen-
tation with niacin. Niacin is given orally every 6 hours 
until the patient responds. If a patient does not respond, 

a coexisting vitamin deficiency should be sought. If 
possible, a nutritionist should be consulted to advise the 
patient on proper dietary intake. Alcoholics, who can 
be deficient in many B vitamins, are often treated with 
multiple B vitamins. Patients with carcinoid syndrome 
need to take supplemental niacin to avoid pellagra 
symptoms, but the goal of therapy is to treat the under-
lying tumor.

Pellagra tongue

MUCOSAL AND CENTRAL NERVOUS SYSTEM MANIFESTATIONS OF PELLAGRA 

Degeneration of cells of cerebral cortex Degeneration in spinal cord

Aqueous stool in diarrhea of pellagra Glossitis and angular cheilitis 
are commonly seen in pellagra.

Genital lesions in pellagra

PELLAGRA (Continued)
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PHENYLKETONURIA

Phenylalanine is an essential amino acid that serves as 
a substrate for many different biochemical pathways. 
Two end products that use phenylalanine as their pre-
cursors are melanin and epinephrine. Under normal 
physiological and biochemical environments, any excess 
amount of phenylalanine is converted into tyrosine by 
the liver and used for a host of biochemical processes 
including protein synthesis. In patients with phenylke-
tonuria, the enzyme in the liver that converts phenyl-
alanine into tyrosine is completely absent. This inborn 
error of metabolism is one of the most thoroughly 
researched disease states. With early detection and 
therapy, the severe sequelae of phenylketonuria can be 
avoided. Screening is performed soon after birth for all 
children in the United States and in most of the world. 
Children born in regions with poor medical infrastruc-
ture and no testing are at risk for the disease. Once the 
disease symptoms have appeared, therapy usually 
cannot reverse the damage that has been done. Phenyl-
ketonuria is inherited in an autosomal recessive manner, 
but many genotypes have been described, and many 
mutations in the responsible gene have been reported. 
The defect is located on the long arm of chromosome 
12, where the PAH gene encodes the protein, phenyl-
alanine hydroxylase.

Clinical Findings: Phenylketonuria occurs in 
approximately 1 of every 10,000 births in the United 
States, with the Caucasian population being at highest 
risk. Worldwide, the Turkish population has the highest 
rate, 1 per 2500 newborns. Both genders are affected 
equally. Infants appear normal at birth. The small load 
of phenylalanine that is derived from the maternal 
source in utero is typically not high enough to cause 
any symptoms or signs of phenylketonuria. Soon after 
birth, the first symptoms appear as the neonate, lacking 
the PAH enzyme, rapidly begins to accumulate phenyl-
alanine in serum and tissues. Other biochemical path-
ways are enacted to try to rid the body of the excess 
phenylalanine, but these make matters worse. The deg-
radation metabolites that are produced from various 
deamination and oxidation metabolic modification 
reactions can cause end-organ damage. Phenyl-lactic 
acid, phenylpyruvic acid, and phenylacetic acid are the 
main byproducts. Because of these byproducts, the 
urine takes on a characteristic “mousy” odor.

Affected neonates have blond hair and a generalized 
hypopigmentation. Children with darker-skinned 
parents often have a lighter skin tone and lighter hair 
and eye coloration than either parent. Most have blue 
eyes. Evidence of early-onset dermatitis that may 
appear as atopic dermatitis is often present. Other skin 
changes that have been described include scleroder-
moid changes of the trunk and upper thighs.

The most dreaded sequela of phenylketonuria is the 
profound brain damage that can occur secondary to the 
elevated levels of phenylalanine. The neonatal brain is 
easily damaged by excessive levels of this amino acid. 
Global brain damage is caused by phenylalanine, and 
the damage is typically irreversible. This is the reason 
that screening tests are performed on neonates. Mental 
retardation, seizures, and tremors are common effects 
of phenylketonuria. Seizures can be of the grand mal or 
petit mal type and occur in infancy or childhood. The 
seizures are reversible once a low-phenylalanine diet is 
undertaken. The electroencephalogram (EEG) of all 
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infants and children with phenylketonuria shows abnor-
mal results. As the child grows, the mental deficiencies 
begin to become more apparent. Physical growth and 
physical maturation are unaffected. Children tend to be 
hyperactive and are prone to develop self-mutilating 
rituals such as biting themselves or banging their heads 
violently against walls or floors. Tremors may be the 
only other neurological finding observed.

Laboratory testing shows elevated levels of phenyl-
alanine in the serum. Normal levels are between 1 and 
2â•¯mg/dL, and those with untreated phenylketonuria 
have levels greater than 20â•¯mg/dL. Phenylpyruvic acid 
typically is not present in the urine in appreciable 
amounts in the normal physiological state. In patients 
with phenylketonuria, urine levels are elevated. The 
addition of ferric chloride to the urine causes 
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acidification of the urine, and a transient green discol-
oration is produced.

All neonates should be tested for phenylketonuria 
within the first day or two of life as part of routine 
metabolic screening. This test can be followed up in 7 
days if the initial test was performed within the first 24 
hours of life or if the initial test was positive. Testing is 
performed by the Guthrie inhibition assay or by the 
McCamon-Robins fluorometric test. These tests are 
highly accurate; levels greater than the normal value of 
0.5â•¯mg/dL are considered suspicious, and levels greater 
than 2 to 4â•¯mg/dL are diagnostic.

Histology: Findings on skin biopsy are nondiagnostic 
and are rarely helpful in this disease. Biopsy specimens 
of the hypopigmented skin appear normal. Those from 
areas of dermatitis show a nonspecific, spongiotic der-
matitis with a lymphocytic infiltrate.

Pathogenesis: Phenylketonuria is an autosomal reces-
sive disorder of the metabolism of phenylalanine. It is 
caused by a genetic defect in the long arm of chromo-
some 12, which results in a nonfunctional phenylalanine 
hydroxylase enzyme. Phenylalanine and its metabolites, 
via other metabolic pathways, lead to the clinical signs 
and symptoms. Excessive phenylalanine causes skin and 
hair hypopigmentation by direct inhibition of the tyros-
inase enzyme, which decreases the amount of melanin 
and other molecules that are dependent on this enzyme 
pathway. Once the phenylalanine levels have dropped 
below the threshold of tyrosinase inhibition, enzyme 
function returns to normal and the pigmentary abnor-
malities resolve. Phenylalanine is directly toxic to brain 
cells, resulting in severe central nervous system (CNS) 
abnormalities. Numerous mutations of the PAH gene 
have been reported, making in utero diagnosis very 
difficult.

Treatment: The most important aspect of therapy is 
to maintain a low-phenylalanine diet. The goal should 
be to continue this diet lifelong, because a subset of 
those who stop the diet early develop CNS disease. 
This is especially true for women of child-bearing age. 
Women with deficiencies of phenylalanine hydroxylase 
who become pregnant can cause irreversible brain 
damage to their offspring if they do not control their 
phenylalanine level. These women should stay on a 
strict phenylalanine-free diet and be managed by a 
high-risk obstetrics team. Phenylalanine serum levels 
should be tested routinely to make sure the gravid 
mother keeps her serum phenylalanine level below 5 to 
10â•¯mg/dL. Women who are considering getting preg-
nant should go on a low-phenylalanine diet before con-
ception and should be under the care of an obstetrician. 
The diet is a prepared amino acid mixture. Strict elimi-
nation of foods high in phenylalanine is required, 
including meat, eggs, fish, milk, breads, and many other 
foodstuffs. The diet can be very difficult to follow for 
even the most dedicated of individuals. The artificial 
sweetener aspartame must also be avoided, because it is 
made up of aspartate and phenylalanine.

Approximately 50% of cases of phenylketonuria 
respond to the medication tetrahydrobiopterin (BH4, 
sapropterin). BH4 has been found to help metabolize 
excess phenylalanine, and its starting dose and mainÂ�
tenance dose are based on patient weight and response 
to Therapy. Levels of phenylalanine must be measured 
over a few weeks to months to determine the 

effectiveness of the medication. Those patients who are 
helped may potentially be able to increase the amount 
of protein in their diet.

During therapy, the skin disease, including discolor-
ation of the hair and skin as well as dermatitis, disap-
pears. The abnormal EEG pattern reverts to normal, 
and the patient’s urine returns to normal. Mental 

performance may always lag, and permanent damage 
may be sustained early in the course of the disease. Only 
mild behavioral improvements have been reported. 
Those children who were diagnosed before the onset 
of any abnormal symptoms and are maintained on a 
low-phenylalanine diet do not develop any of the 
sequelae of the disease.

PHENYLKETONURIA (Continued)
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SCURVY

Scurvy is a well-known nutritional disease that results 
from a lack of the water-soluble vitamin, ascorbic acid 
(vitamin C). Scurvy has a well-documented history. It 
was first recognized in the fourteenth century in sailors 
who spent long amounts of time at sea. The symptoms 
were recognized as being related to a lack of fresh foods, 
especially citrus products. In 1753, James Lind, a British 
surgeon aboard the HMS Salisbury, performed the first 
documented clinical trial proving that scurvy was caused 
by a lack of citrus fruit in the diet of sailors. After Lind’s 
discovery, citrus fruits were included in ships’ provi-
sions, and the incidence of scurvy in sailors plummeted. 
It was not until 1928 that ascorbic acid was isolated by 
the Hungarian chemist, Albert von Szent-Grörgyi, who 
was eventually awarded the Nobel Prize for this discov-
ery. Scurvy is still present in some areas of the world 
due to inadequate dietary intake of vitamin C. Scurvy 
is uncommon in North America but can be seen in 
individuals with abnormal diets.

Clinical Findings: Scurvy is a disease that can affect 
a wide range of organ systems. The skin and mucous 
membranes are always involved and may display the 
initial symptoms of the disease. Recognition of these 
symptoms is critical in diagnosing the disease and pre-
venting long-term illness. Scurvy is a rare disease in 
regions of the world with access to proper dietary intake 
of vitamin C. In North America and Europe, most cases 
are the result of abnormal dieting, psychiatric illness, 
or alcoholism. Prompt recognition of the cutaneous 
manifestations can lead to treatment and cure of the 
disease. Scurvy has an insidious onset with nonspecific 
constitutional symptoms such as generalized weakness, 
malaise, muscle and joint aches, and easy fatigability 
with shortness of breath. These symptoms may be 
related to the macrocytic anemia that is frequently seen 
in patients with scurvy and is believed to be caused by 
a coexisting folic acid deficiency.

The first clinical findings are often in the mucous 
membranes and the skin. There are a multitude of cuta-
neous manifestations. Early in the course of disease, 
skin becomes dry and rough, in association with a 
dulling of the skin tone. Small, hyperkeratotic papules 
may be noticed and resemble those of keratosis pilaris. 
More specific and sensitive skin findings then develop, 
including perifollicular hemorrhage and “corkscrew 
hairs.” The corkscrew hairs are most noticeable on the 
extremities. Swan-neck deformity of the extremity hair 
may also occur due to abnormal bending of the hair; 
this is less common than corkscrew hair. The nail bed 
shows splinter hemorrhages. All cutaneous findings 
appear to be more common on the lower extremities. 
This is believed to be a result of increased hydrostatic 
pressure in the lower extremities while one is upright, 
which leads to increased pressure on the small venules 
in the follicular locations, resulting in the perifollicular 
hemorrhages. These findings are also observed in areas 
of pressure directly on the skin, such as around the waist 
line. The Rumpel-Leede sign is positive: When a blood 
pressure cuff is inflated for 1 minute to a value that is 
greater than the diastolic pressure but less than the 
systolic pressure, numerous petechial hemorrhages 
occur distal to and underneath the blood pressure cuff. 
This test is a sign of capillary fragility induced by 
increased hydrostatic pressure.

The mucous membranes may show the first sign of 
the disease. The main finding is edematous, bleeding 
gums. As the disease progresses, the gums become 
friable and peel away from the teeth. The teeth may 

Sources of vitamin C Major sites of concentration
in body

DIETARY SOURCES OF VITAMIN C AND CLASSIC CUTANEOUS MANIFESTATIONS OF SCURVY

Normal and abnormal values

Breast milk

Potatoes

Citrus
fruits

Fresh meats

Suprarenal
cortices

Pituitary
gland

Leukocytes

Serum:
Normal
0.5 to 1.0
mg/100 mL

“Buffy“ coat:
Normal
15 to 25
mg/100 mL
 

Urine:
Normal
15 to 30
mg/24 hr 
Scurvy
0

Positive
Rumpel-
Leede test

Swollen, congested, bleeding gums

Multiple
perifollicular
hemorrhages

Corkscrew
hairs

Typical “frog leg”
position, scorbutic
rosary, multiple
ecchymoses

Scurvy
<2
mg/100 mL

Scurvy
0 to 0.1
mg/100 mL

develop dental calculi at the base. This may result in 
loose teeth and pain. Teeth eventually become dis-
rupted from their attachments and fall out.

Compared with scurvy in adults, congenital scurvy 
and scurvy during early childhood have unique manifes-
tations related to bony development. Vitamin C is criti-
cally important for the development of collagen and 
cartilage, and abnormalities at a young age result in a 

variety of bony deformities. Scorbutic rosary is a term 
given to the prominence of the costochondral junctions. 
Infants with scurvy develop “frog legs” due to subperi-
osteal hemorrhage. This form of hemorrhage is painful, 
and the infant naturally relaxes the lower limbs in this 
pattern to relieve the pain. Healing of the subperiosteal 
hemorrhage often involves abnormal calcification of the 
region and the formation of a more club-shaped bone. 
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This can lead to difficulty with movement. Radiographs 
of the long bones reveal the classic white line of Frankel, 
which represents the abnormal calcification of the car-
tilage within the epiphysial-diaphysial juncture. The 
periosteum appears ballooned out due to the presence 
of subperiosteal hemorrhage. Over time, the hemor-
rhagic areas become partially or completed calcified.

Infants with scurvy may also develop severe ecchy-
mosis around the eye and in the retrobulbar space, 
which, when severe, can result in proptosis. Child abuse 
may be considered in the differential diagnosis.

Breast milk contains adequate amounts of vitamin C, 
so infantile scurvy is more likely to occur in children 
who are not breast fed and are given a diet devoid of 
vitamin C.

Pathogenesis: Vitamin C is an essential vitamin that 
is acquired through dietary intake. Humans lack the 
enzyme L-gluconolactone oxidase, which is required for 
the synthesis of L-ascorbic acid from its precursor, 
glucose. Dietary sources of vitamin C include fruits, 
vegetables, and fresh meats. Citrus fruits are the main 
source of dietary vitamin C. All human tissues contain 
vitamin C, with the adrenal glands and pituitary glands 
having the highest concentrations. Leukocytes contain 
appreciable amounts of vitamin C, and the buffy coat 
level is helpful in diagnosis. The clinical manifestations 
of scurvy do not appear until the buffy coat concentra-
tion has fallen to less than 4â•¯mg/100â•¯mL or the serum 
level to less than 20â•¯µmol/L. The normal buffy coat 
concentration is in the range of 15 to 25â•¯mg/100â•¯mL, 
and that of the serum is 40 to 120â•¯µmol/L. The kidney 
has an extraordinary ability to adjust its vitamin C reab-
sorption and secretion based on serum levels. In scurvy, 
the kidney salvages all available vitamin C, and the 
urine concentration is 0â•¯mg/24 hours.

Vitamin C is required as a cofactor for various 
enzyme functions. Vitamin C supplies electrons to 
enzymatic reactions. If these are absent, the enzymes 
are unable to properly produce their intended end 
product, and the manifestations of scurvy begin to 
develop. One of the most important functions of 
vitamin C is to serve as a cofactor, along with ferrous 
iron (Fe++), for the enzymes prolyl hydroxylase and lysyl 
hydroxylase. These enzymes are responsible, respec-
tively, for hydroxylation of the proline and lysine amino 
acid residues in collagen. If the proper ratio of proline 
and lysine hydroxylation is not present, the collagen 
molecule is unable to form a proper triple helix, and its 
function is compromised. Defective collagen produc-
tion is the main deficiency responsible for the cutane-
ous signs of scurvy, because collagen is the major 
structural protein in blood vessel walls and in the 
dermis. Vitamin C is also responsible for electron dona-
tion in other enzymatic reactions, including those that 
synthesize tyrosine, dopamine, and carnitine.

Histology: Histology is not required for the diagno-
sis. Biopsy of a petechial lesion shows perifollicular red 
blood cell extravasation and a minimal lymphocytic 
inflammatory infiltrate. If the specimen includes the 
area around a hair follicle, close inspection will reveal 
a coiled or corkscrew appearance to the hair follicle. It 
should be remembered that patients with scurvy have 
impaired wound healing: After biopsy without proper 
therapy, the freshly incised skin may take weeks to 
months to heal, and large ecchymoses typically develop 
around the biopsy site.

Treatment: Therapy requires the replacement of 
vitamin C at a dosage of 300 to 500â•¯mg daily until the 
symptoms resolve. Then start the recommended daily 

Femur in 
infantile scurvy.
Subperiosteal
and medullary 
hemorrhages; 
elevated
periosteum;
distortion
of line of 
ossification

BONY AND SKIN ABNORMALITIES OF SCURVY

Scorbutic costochondral junction.
Irregular masses of calcified matrix
at junction; thin cortex; thin trabeculae
imbedded in “framework marrow”

Ecchymosis of lids
with proptosis due
to retrobulbar
hemorrhage

Subungual
splinter 
hemorrhages
in adult scurvy

allowance. Patients show rapid improvement. The root 
cause must be determined, and if the patient does not 
respond to therapy, serum levels should be rechecked. 
If they are still low, noncompliance with therapy should 
be considered. Often, patients with scurvy have an 
underlying alcoholism, eating disorder, or psychiatric 
illness that, if not properly addressed, will continue to 
occur. Patients should see a nutritionist, who can best 

educate them on the need for a balanced diet and which 
foods are high in vitamin C. Alcoholics need to be 
referred to experts who are adept at treating this 
common problem. Supplementation with the daily rec-
ommended amounts can be continued for life, because 
any excess vitamin C is not stored in the body but 
excreted by the kidneys. Supplementation ensures the 
avoidance of further episodes of scurvy.

SCURVY (Continued)
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VITAMIN A DEFICIENCY

Vitamin A deficiency, also known as phrynoderma, is a 
multisystem disorder caused by a deficiency of vitamin 
A, either from lack of intake or from a decrease in 
normal absorption. Vitamin A is a fat-soluble essential 
vitamin that is stored in the fatty tissue and liver. 
Humans require a nutritional source for this vitamin. 
Foods high in vitamin A include all yellow vegetables 
(including carrots), green leafy vegetables, liver, milk, 
eggs, tomatoes, and fish oils. Many other food staples 
contain vitamin A. Hippocrates may have been the first 
to describe vitamin A deficiency and a therapy for it. 
However, it was not until the early twentieth century 
that scientists recognized the different forms of vitamin 
A and its carotene precursors.

Clinical Findings: Night blindness is one of the ear-
liest findings in vitamin A deficiency. Vitamin A is cru-
cially important for proper functioning of the retinal 
rods, through production of rhodopsin. Rhodopsin is 
the primary rod pigment that makes visual adaption in 
the dark possible. Xerophthalmia (dry eyes) often pre-
cedes the night blindness and is typically the first sign 
of vitamin A deficiency, although this sign is neither 
sensitive or specific. As the deficiency progresses, the 
xerophthalmia may result in corneal dryness, abrasions, 
ulceration, and keratomalacia, which leads to blindness. 
Bitot’s spots can be seen on the lateral conjunctiva of 
the eye. These are highly specific for vitamin A defi-
ciency and appear as stuck-on foamy white papules and 
plaques that cannot be removed by swabbing. Bitot’s 
spots are caused by abnormal keratinization of the  
conjunctival epithelium. It is estimated that vitamin A 
deficiency is one of the leading causes of vision loss 
worldwide. Growth impairment in children can be 
caused by vitamin A deficiency.

Phrynoderma is the name given to the skin findings 
in vitamin A deficiency. Phrynoderma literally means 
“toad-like” skin, and it is manifested by hyperkeratotic 
follicle-based papules. The skin is dry and rough. 
Patients with vitamin A deficiency may also have chei-
litis and glossitis. These latter two conditions are  
nonspecific and can be seen in a variety of vitamin 
deficiencies.

Hypervitaminosis A can result from excessive vitamin 
A supplementation. It manifests as dry skin, hair loss, 
joint aches, bone pain, and headaches. Vitamin A can 
cause birth defects when taken in high doses during 
pregnancy.

Pathogenesis: Vitamin A deficiency in the United 
States is most frequently caused by strange dietary 
habits that avoid foods rich in vitamin A. Other condi-
tions may predispose individuals to this deficiency, 
including cystic fibrosis, because of the difficulty in 
absorption of fat-soluble vitamins. Short gut syndrome 
that occurs after bariatric surgery may also lead to 
vitamin A deficiency. Proper production of bile acids 
and pancreatic enzymes is required for absorption of 
vitamin A. Severe liver disease may result in functional 
vitamin A deficiency, because the liver is required to 
convert carotene into vitamin A.

Vitamin A is found in foods predominantly as retinol 
or β-carotene. Vitamin A is critical for nuclear signal-
ing, through binding to its nuclear receptors, the reti-
noic acid receptors (RARs) and the retinoid X receptors 
(RXRs). Once this binding occurs, the resulting com-
plexes can affect the transcription of various gene prod-
ucts. The vitamin is responsible for maturation and 
proliferation of epithelial cells.

Principal food sources of vitamin A Principal food sources of b-carotene

Milk

Butter

Liver

Egg yolk

Kidneys
Certain
fish oils Sweet

potatoes

Carrots Tomatoes Pimentos

Apricots,
yellow peaches Leafy vegetables

Vitamin A
Ester Vitamin A β−carotene

Thoracic
ductBile aids

absorption
of β−carotene

Pancreatic
secretions
promote
hydrolysis
of vitamin
A esters

Vitamin A
and β −carotene
absorbed

Mineral oil
dissolves and
carries off
vitamin A
in stool

Bloodstream

Esterase

β−carotene
converted
to vitamin A

Principal deficiency manifestations

Xerophthalmia (corneal
abrasions and ulcerations) 
Bitot’s spots (stuck-on
foamy white plaques)

Night blindness
(effect on retinal rods)

Growth
impairment

Hyperkeratotic
follicular-based
papule (phrynoderma)

Storage

Liver Mobil-
ization
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esterified

Intestinal epithelial cell

Thyroid
promotes
conversion
of β−carotene
to vitamin A

Vitamin
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ified

Cod
Liver
Oil

C
CH3 CH3

CH3

CH CH CH2CH CH OHCHC

CH3

C

CH3
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H2C

H2C C

C
C

Histology: Cutaneous biopsies are nonspecific but 
may suggest a nutritional deficiency. There is pallor of 
the upper epidermis. Hyperkeratotic plugs are seen in 
follicles, with minimal to no inflammatory infiltrate.

Treatment: Treatment requires replacement of 
vitamin A and probably other essential vitamins in the 
patient’s diet. The eye changes may be permanent, but 
the cutaneous findings respond well. Loss of only night 

vision has been shown to respond to therapy in some 
cases. Once blindness occurs, however, the only hope 
for vision is with corneal transplantation. Most cases in 
North America and Europe are caused by poor absorp-
tion due to an underlying cause, and the advice of a 
nutritionist who is an expert in malabsorption is indi-
cated. These patients may require long-term replace-
ment and monitoring of their vitamin A levels.
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VITAMIN K DEFICIENCY 
AND VITAMIN K ANTAGONISTS

Vitamin K is an essential nutrient that is required as a 
cofactor for the production of a handful of coagulation 
cascade proteins. It is a fat-soluble vitamin that is effi-
ciently stored in the human body. Vitamin K deficiency 
is rare and is typically seen only transiently in neonates 
and infants during the first 6 months of life. Affected 
neonates may show abnormally prolonged bleeding 
after minor trauma. Patients may have an elevated pro-
thrombin time (PT) and decreased serum levels of 
vitamin K and coagulation factors. Therapy consists of 
replacement of vitamin K to normal levels and a search 
for any possible underlying cause, such as liver or gas-
trointestinal disease. Neonatal and infantile vitamin K 
deficiency is most likely caused by maternal breast milk 
insufficiency of vitamin K.

Vitamin K deficiency is rarely seen in adults, because 
most diets contain enough vitamin K for normal physi-
ological functioning. Adult patients with liver disease 
and malabsorption states are at highest risk for the 
development of vitamin K deficiency. Vitamin K may 
be found in two natural forms: vitamin K1 (phylloqui-
none) and vitamin K2 (menaquinone). K1 is found in 
plants, and K2 is produced by various bacteria that make 
up the normal flora of the gastrointestinal tract. Anti-
biotics may cause a decrease in the bacterial production 
of vitamin K2, resulting in a lack of vitamin K available 
for absorption. This is typically not a clinical issue 
unless the patient is taking a vitamin K antagonist such 
as warfarin. Vitamin K is absorbed in the distal jejunum 
and ileum via passive diffusion across the cell mem-
brane. The majority of vitamin K is stored normally in 
the liver. There, the vitamin is converted to its active 
state, hydroxyquinone. An efficient vitamin K salvage 
pathway normally prevents an individual from becom-
ing deficient in the vitamin. The enzyme vitamin K 
epoxide reductase is responsible for converting the 
inactive epoxiquinone to the active hydroxyquinone 
form of vitamin K.

Warfarin is a synthetic analogue of vitamin K and is 
the main vitamin K antagonist. It is indicated for use as 
an anticoagulant in the treatment of a number of condi-
tions, including atrial fibrillation and deep venous 
thrombosis, and after heart valve replacement surgery. 
Warfarin acts by inhibiting the enzymes that are 
responsible for carboxylation of glutamate residues and 
epoxide reductase. This both decreases the available 
clotting factors and induces vitamin K deficiency, 
leading to added reduction of available clotting factors.

Clinical Findings: Vitamin K antagonists have been 
shown to cause a specific type of cutaneous eruption 
known as warfarin necrosis, which occurs in approxi-
mately 0.05% of patients taking the medication. War-
farin necrosis affects the areas of the body that have 
increased body fat, such as the breasts, the abdominal 
pannus, and the thighs. The feet are also particularly 
prone to development of warfarin necrosis. The skin 

Circulatory
system

Vitamin K

POTENTIAL CLINICAL CONSEQUENCES OF WARFARIN USE

Inactive
K

Active
K

Coumadin anticoagulants
produce vitamin K

deficiency.

Warfarin-induced skin necrosis manifesting
with purple hemorrhagic bullae and ulceration,
typically over fatty tissue

Purple toe syndrome associated
with vitamin K antagonist therapy

Intracranial hemorrhage, after trauma, in the occipital
lobe in a patient taking warfarin

initially develops small, red to violaceous petechiae and 
macules preceded by paresthesias. These regions 
become erythematous and purple (ecchymoses) with 
intense edematous skin. The lesions eventually ulcerate 
or form hemorrhagic bullae. The hemorrhagic bullae 
desquamate, leaving deep ulcers. Painful cutaneous 
ulcers may occur, with some extending into the subcu-
taneous tissue, including muscle. Most ulcers appear 

within 5 to 7 days after the initiation of warfarin therapy. 
Secondary infection may be a cause of significant mor-
bidity. The affected areas continue to undergo necrosis 
unless the warfarin is withheld and the patient is treated 
with a different class of anticoagulant. The feet and 
lower extremities may have a reticulated, purplish dis-
coloration called “purple toe syndrome.” This cutane-
ous drug reaction can be eliminated or at least drastically 
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decreased if the patient is pretreated with heparin or 
another equivalent anticoagulant before warfarin is 
initiated.

Histology: Skin biopsies from areas of warfarin 
necrosis show an ulcer with a mixed inflammatory  
infiltrate. Thrombosis is seen within the small vessels 
(venules and capillaries) of the cutaneous vasculature. 
Arterial involvement is absent. Minimal to no inflam-
matory infiltrate is present. Red blood cell extravasation 
is prominent. The main histopathological finding is 
microthrombi. Findings of inflammation, a neutro-
philic infiltrate, arterial involvement, a strong lympho-
cytic infiltrate, or the presence of bacteria in or around 
vessels mitigate against the diagnosis of warfarin necro-
sis. Bacteria will be present on the surface of the ulcer 
and are believed to be a secondary phenomenon.

Pathogenesis: Vitamin K is needed for the modifica-
tion of many coagulation cascade proteins, including 
protein C, protein S, factor II (prothrombin), factor 
VII, factor IX, and factor X. Factors II, VII, IX, and X 
are critical in forming a clot and are produced in  
the liver as inactive precursors. Preactivation of these 
clotting factors requires the action of vitamin K carÂ�
boxylation on glutamate amino acid residues. Once 
preactivated, the clotting factors are available for full 
activation and clot formation when exposed to calcium 
and phospholipids on the surface of platelets.

Inhibition of these clotting factors by vitamin K 
antagonists leads to anticoagulation. Warfarin works by 
inhibiting the carboxylation of glutamate. On the other 
hand, protein C and protein S are responsible for 
turning off the clotting cascade and play a natural regu-
latory role in normal coagulation. When these proteins 
are inhibited, the clotting cascade may proceed unim-
peded, allowing for excessive clotting. Protein C and 
protein S have shorter half-lives than factors II, VII, IX, 
and X. Therefore, when individuals are treated initially 
with warfarin, the levels of protein C and protein S  
are depleted before the other factors, leading to a  
prothrombic state. This initial prothrombic state is 
responsible for the clinical signs and symptoms of 
microvasculature blood clotting and skin necrosis. The 
clotting takes place in areas of increased adipose tissue 
because of the sluggish flow of blood through the fine 
vasculature in these regions. For this reason, most 
patients are given heparin or a similar anticoagulant 
until the full effect of warfarin on all clotting factors has 
occurred.

Therapy: Treatment of warfarin necrosis requires 
discontinuation of warfarin and initiation of heparin 
anticoagulation and supportive care with fresh-frozen 
plasma and vitamin K replace the lost protein C and 
protein S. Surgical debridement may be required,  
and one should be vigilant for any signs or symptoms 
of secondary infection. Therapy consists of proper 

replacement of vitamin K and supportive care. Mena-
dione is a synthetic form vitamin K that can be given 
therapeutically.

Vitamin K deficiency in neonates and infants is diag-
nosed by an isolated elevation in the prothrombin time. 
The levels of the vitamin K–dependent clotting cofac-
tors can each be measured, and vitamin K replacement 

should be administered to those who are deficient. 
Breast milk is not a strong source of vitamin K, and if 
the mother had previous children with vitamin K defi-
ciency, the newborn should be given supplemental 
vitamin K. The best method for supplementation has 
yet to be determined, but it can be achieved with a one-
time intramuscular injection or with oral replacement.

Extrinsic systemIntrinsic system

Cascade of clotting factors and sites of action of heparin and warfarin

ANTICOAGULATION EFFECTS ON THE CLOTTING CASCADE
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WILSON’S DISEASE

Wilson’s disease, also known as hepatolenticular degen-
eration, is a disorder caused by a defect in copper metab-
olism. The disease is rare, with a worldwide incidence 
of approximately 1 in 18,000. It is an autosomal reces-
sive condition that is caused by a defect in the ATP7B 
gene, which is located on the long arm of chromosome 
13. The product of this gene is responsible for the 
proper transport of copper. The main clinical findings 
relate to nervous system involvement and liver disease. 
Wilson’s disease has a variable phenotype depending on 
the specific genetic mutation. Cutaneous disease and 
ophthalmological disease are frequently seen.

Clinical Findings: Wilson’s disease equally affects 
males and females, and its incidence varies among pop-
ulations. The usual age at onset is in the first 2 decades 
of life. Liver disease and central nervous system (CNS) 
disease are often the first signs. Patients may present 
with unexplained hepatomegaly, cirrhosis, and end-
stage liver disease. The CNS findings can manifest in 
various patterns. Mild to severe psychiatric symptoms 
of depression and mood lability are common; the mani-
festations in some patients may approach the diagnosis 
of schizophrenia. Impaired cognition and memory are 
frequently seen and may lead to early dementia. Extra-
pyramidal features are always present and include 
tremor and rigidity. The tremor has been described as 
a “wing-beating” tremor of the shoulder girdle. Brady-
kinesia is invariably a part of the disease. Ataxia and 
chorea, along with dysfunction of normal motor coor-
dination, are evident as time progresses.

The cutaneous findings, when present in conjunction 
with liver and CNS disease, can make the diagnosis. 
Patients have varying amounts of pretibial hyperpig-
mentation, the cause of which is poorly understood. 
Rarely, patients present with a blue discoloration to the 
lunula of the nail. The most pathognomonic sign is the 
presence of Kayser-Fleischer rings on the cornea. A 
Kayser-Fleischer ring is a yellow to orange-brown ring 
around the iris. It represents an abnormal accumulation 
of copper in Descemet’s membrane of the cornea. A 
slit-lamp examination is required to appreciate this 
clinical finding, which is unique to Wilson’s disease.

Laboratory testing is required to confirm the diag-
nosis. A hallmark is a decreased ceruloplasmin level. 
The actual ceruloplasmin protein is not defective in any 
manner. Urinary copper excretion is elevated to more 
than 100â•¯µg/day.

Pathogenesis: The ATP7B gene is mutated in Wil-
son’s disease, and this leads to the systemic and cutane-
ous manifestations of the disease. The ATP7B gene 
encodes the P-type adenosine triphosphatase (ATPase) 
that serves as a metal-binding and metal-carrying 
protein. This P-type ATPase is primarily responsible 
for the transport of copper. When it is defective, copper 
builds up to abnormal levels in the liver, in the CNS, 
and to a lesser extent, in the cornea. Many different 
mutations have been discovered in the ATP7B gene and 
are responsible for the different phenotypes seen. 
Homozygous patients and compound heterozygotes 
have completely different phenotypes with some over-
lapping features. Certain mutations lead to liver and 
CNS disease or to a predominance of one over the other. 
The large number of mutations and the large size of the 
gene make it difficult to analyze. The prevalence of the 
different genetic mutations varies among populations.

Histology: Skin biopsies are not helpful in the diag-
nosis. Biopsies of the liver show varying degrees  
of portal inflammation and fibrosis with eventual  

Degenerative changes
in lenticular nuclei

Kayser- 
Fleischer
ring

Adolescents more likely
have generalized dystonia
with neck (torticollis) and
face (grimacing) effects,
occasionally focal;
hypertonicity and
choreoathetosis may coexist

Postnecrotic
type of cirrhosis

Adults more likely have
coarse, proximal “wing
beating” or “chest beating”
tremor, masked facies,
and dysarthric speech 

cirrhosis. Hydropic degeneration of individual hepato-
cytes is seen to a varying degree, depending on the 
timing of the biopsy. Special staining methods can high-
light the elevated copper within the hepatocytes.

Treatment: The only cure for the disease is liver 
transplantation. This procedure is becoming more 
common and has led to excellent therapeutic responses. 
The transplanted normal liver produces adequate levels 
of the P-type ATPase to bring the copper levels to 

normal. CNS symptoms, if present at the time of trans-
plantation, typically persist with minimal improvement 
over time. While awaiting liver transplantation, patients 
are usually treated with a combination of a low-copper 
diet, oral zinc supplementation, and D-penicillamine. 
Zinc competes with copper for absorption and decreases 
the amount of copper absorbed from the gastrointesti-
nal tract. D-Penicillamine is a copper-chelating agent 
that helps to lower serum and tissue copper levels.



This page intentionally left blank



SECTION 9â•…

GENODERMATOSES 
AND SYNDROMES



This page intentionally left blank



Plate 9-1� Genodermatoses and Syndromes

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS� 227

ADDISON’S DISEASE

Addison’s disease (chronic primary adrenocortical 
insufficiency) occurs when the adrenal gland has lost 
most of its functional capacity. Addison’s disease can  
be caused by many different disease states that inhibit 
the functioning of the adrenal gland. The adrenal  
gland has a massive reserve capacity, and clinical mani-
festations of chronic adrenal insufficiency are not seen 
until the bilateral glands have lost at least 90% of their 
ability to produce adrenal hormones. Autoimmune 
destructive atrophy of the adrenal glands is the most 
common cause of Addison’s disease. Infectious pro-
cesses can cause destruction of the adrenal gland, with 
tuberculosis one of the more common causes of chronic 
adrenal gland insufficiency. Most cases of acute adrenal 
gland destruction are caused by bacteria (i.e., meningo-
coccal disease).

Clinical Findings: Males and females are equally 
affected. The first symptoms are lethargy and general-
ized malaise. These symptoms may not be apparent 
until the affected patient undergoes a major stressful 
event, such as infection, which can lead to a prolonged 
disease course and a prolonged convalescence. Patients 
have excessive nervousness and may show emotional 
lability superimposed on periods of depression. Fatigue 
and weakness can be severe, to the point where even 
speaking causes fatigue. Weight loss and evidence of 
dehydration are present in most cases. Hypotension is 
frequently seen, and a small heart shadow is seen on 
chest radiography.

Cutaneous effects are always found in chronic 
primary adrenal insufficiency. Pigmentation is seen in 
many regions of the body and appears to occur in areas 
of friction, such as along the waist line and on elbows 
and knees. This is typically a generalized “bronze pig-
mentation,” but it is accentuated in the groin, nipples, 
and scrotum. The palmar and plantar creases are accen-
tuated. Hyperpigmentation may be prominent within 
previous scars. Vitiligo may be present in conjunction 
with autoimmune adrenal insufficiency. Increased pig-
mentation of hair is seen, but this may be subtle and 
may occur slowly. Pigmentary alterations of the gingival 
and labial mucosa may also be seen. Pigmentary anoma-
lies are not seen in secondary adrenal insufficiency, 
which is caused by pituitary deficiency.

Body hair is dramatically decreased, with near loss of 
axillary and pubic hair. The hair loss is more pronounced 
in females, because males still produce androgens, pri-
marily in the unaffected testes. Serum testing shows 
hyperkalemia and hyponatremia, with a low cortisol 
level. The diagnosis is confirmed by intravenously  
injecting a synthetic corticotropin and evaluating the 
adrenal gland’s response by measuring cortisol levels 
after the injection. In patients with Addison’s disease,  
the serum cortisol level is not increased by stimulation 
testing.

Histology: Skin biopsies are not helpful in making the 
diagnosis and are rarely performed. A normal number 
of melanocytes are present, with an increased amount 
of melanin pigment in the epidermis.

Pathogenesis: The adrenal glands are responsible for 
making cortisol, aldosterone, and the 17-ketosteroiods. 
When the adrenal glands no longer are able to produce 
these molecules, Addison’s disease sets in. In the pres-
ence of low circulating levels of cortisol, the pituitary 
responds by increasing production of adrenocorticotro-
phic hormone (ACTH, corticotropin) and melanocyte-
stimulating hormone (MSH). ACTH and MSH are 
derived from the same precursor protein, pro-
opiomelanocortin (POMC). The pigmentary anomalies 
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Metastatic disease
Infections
Adrenal hemorrhage
Adrenoleukodystrophies
Congenital adrenal hypoplasia
Bilateral adrenalectomy
Drug-induced causes

seen in Addison’s disease are directly related to increased 
release of MSH. The increase in MSH causes pigment 
production by melanocytes in skin, hair, and mucous 
membranes. Pubic and axillary hair loss is related to  
the lack of 17-ketosteroids, whereas hypotension is 
caused by the lack of aldosterone. The lack of aldoste-
rone causes a decreased blood volume and decreased 
serum sodium. The lack of cortisol production is respon-
sible for weakness, fatigue, weight loss, and decreased 
mentation.

Addison’s disease is seen frequently in association 
with other autoimmune endocrine disorders such as 
diabetes and autoimmune thyroiditis.

Treatment: Treatment requires the clearing of infec-
tion or treatment of the underlying cause of adrenal 
gland dysfunction. Supplemental hydrocortisone and 
fludrocortisone are used as replacement therapy for 
those with inadequate adrenal function. Hydrocorti-
sone is used primarily to replace the missing cortisol, 
and fludrocortisone is used to replace aldosterone.
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AMYLOIDOSIS

The term amyloidosis refers to a heterogeneous group of 
diseases. Systemic and cutaneous forms of amyloidosis 
can occur and are caused by the deposition of one of 
many different amyloid proteins. The primary cutane-
ous forms are more frequently seen. They include 
nodular, lichen, and macular amyloidosis (also referred 
to as lichen or macular amyloidosis). The systemic  
form is a multisystem, life-threatening disorder that 
requires systemic therapy. Most systemic disease is 
caused by an abnormality in plasma cells; myeloma-
associated amyloid is a distant second in incidence. In 
addition to amyloidosis of the skin, the central nervous 
system may be involved with amyloidosis, as it is in 
Alzheimer’s disease.

Clinical Findings: Systemic amyloidosis is caused by 
abnormal production of amyloid AL protein (immuno-
globulin light chains) and its deposition in various 
organ systems. These effects can be seen in patients 
with plasma cell dyscrasia or myeloma. Mucocutaneous 
findings are often part of systemic amyloidosis, and on 
occasion they are the initial presentation of the disease. 
The hallmark cutaneous finding is translucent papules 
and plaques with varying degrees of hemorrhage. These 
papules are composed of the abnormal AL protein. 
Soft, rubbery papules may also occur within the oral 
mucous membranes. Pinch purpura of the skin is almost 
universal and results from weakening of the superficial 
cutaneous vessels by deposition of the AL protein. Peri-
orbital ecchymoses may circumferentially surround the 
eye, which has led to the term “raccoon eyes.” The 
ecchymoses may be induced by coughing or by super-
ficial trauma. The palms and soles may have a waxy 
appearance. The tongue is often strikingly enlarged due 
to amyloid deposits.

Deposition of the AL protein in close approximation 
to the dermal elastic fibers produces a rare finding 
termed amyloid elastosis. Clinically, this may mimic 
cutis laxa; the skin is easily distensible and lacks elastic 
recoil.

Deposition of amyloid in the renal glomeruli, liver, 
or heart muscle can cause significant end-organ damage. 
Renal insufficiency leading to renal failure is a major 
cause of morbidity and mortality. Hepatomegaly, 
leading to fibrosis and liver failure, may occur. Amyloid 
protein that is deposited in the muscle of the heart may 
lead to arrhythmias and congestive heart failure.

The primary cutaneous diseases known as lichen 
amyloidosis and macular amyloidosis are localized to 
the leg and the back, respectively. Most cases are 
believed to be directly caused by keratinocyte-derived 
amyloid protein. There are no systemic symptoms. 
Patients present with pruritic hyperpigmented macules 
and papules that may coalesce into plaques. Nodular 
primary cutaneous amyloidosis is caused by the local 
production of AL protein by plasma cells in the skin. 
This condition is extremely rare and may progress to 
systemic amyloidosis.

Pathogenesis: Systemic AL amyloidosis results from 
plasma cell dyscrasia or from myeloma-associated 
disease. It is directly caused by a proliferation of abnor-
mal plasma cells. The plasma cells produce excessive 
amounts of immunoglobulin light chains, predomi-
nantly λ chains. The excessive amounts of AL protein 
are deposited within the walls of the cutaneous vascu-
lature; this leads to weakening of the walls and is 
responsible for their easy rupture. The AL protein is 
deposited in many organ systems. Rarely, the plasma 
cells produce immunoglobulin heavy chains; this is 
termed AH protein.

Skin
Alopecia—nonscarring
Papular and nodular infiltrations
Purpura and petechiae
Urticaria

Eyes
Conjunctival plaques
Vitreous opacities
Muscle weakness
Pupillary disorders
Proptosis
Amaurosis

Tongue
Macroglossia
Speech difficulty
Dysphagia

Larynx, trachea, bronchi
Hoarseness
Cough
Stridor
Dyspnea
Hemoptysis

Lungs
Asymptomatic nodules

Heart
Enlargement
Conduction defects
Coronary insufficiency
Failure

Spleen
Splenomegaly

Kidneys
Proteinuria
Cylindruria
Microhematuria
Nephrotic syndrome
Azotemia

Bladder, urethra
Hematuria

Joints
Arthritis

Esophagus
Hematemesis
Dysphagia
Varices

Liver
Hepatomegaly

Pancreas
Diabetes mellitus

Stomach, intestines
Hematemesis
Bloody stools

(occult or overt)
Ulceration
Diarrhea
Malabsorption

Autonomic nerves
Incontinence
Impotence

Peripheral nerves
Carpal tunnel

syndrome
Areflexia
Sensory loss
Paresthesia
Motor weakness

(in Portuguese familial type)

Extensive amyloid deposits in glomerulus of
human kidney (Congo red and hematoxylin stain)

Same section, viewed under polarizing micro-
scope, demonstrating green birefringence

Sites and manifestations of amyloid deposition that may occur in various combinations

Histology: Amyloidosis is a disease caused by the 
abnormal deposition of amorphous AL protein in the 
dermis and subcutaneous tissue. Biopsies of involved 
skin show eosinophilic deposits on routine staining. 
The amyloid protein is accentuated with special stain-
ing methods such as the Congo red stain. It shows an 
apple-green birefringence under polarized light micros-
copy and appears reddish under routine microscopy.

Treatment: Systemic amyloidosis is best treated with 
combination chemotherapy. Traditionally, prednisone 

and melphalan were the agents of choice. Newer pro-
teosome inhibitors are currently used. Bone marrow 
transplantation is performed in certain cases.

Therapy for primary cutaneous amyloidosis is 
directed at symptomatic control. Topical corticoste-
roids and oral antihistamines are used to control itching. 
Varying results have been reported with ultraviolet 
phototherapy. No randomized, prospective studies of 
the treatment of primary cutaneous amyloid have been 
published.
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BASAL CELL NEVUS SYNDROME

Basal cell nevus syndrome (BCNS), also known as 
nevoid basal cell carcinoma syndrome or Gorlin syn-
drome, is an uncommon autosomal dominant genoder-
matosis caused by mutations in the patched-1 (PTCH1) 
gene on chromosome 9. Approximately 40% of cases 
represent new, spontaneous mutations. Affected indi-
viduals are predisposed to the development of multiple 
basal cell carcinomas (BCCs), often in the hundreds 
over their lifetime. The diagnosis of this syndrome is 
based on a number of established criteria.

Clinical Findings: The incidence of BCNS is esti-
mated to be 1 in 100,000 persons, and there is no race 
or sex predilection. It is inherited in an autosomal dom-
inant fashion. Often, the first symptoms are painful 
keratogenic (odontogenic) jaw cysts. The early onset of 
BCCs often occurs before the age of 20 years.

Four of five BCNS patients have odontogenic jaw 
cysts on dental examination or dental radiographs. In 
children, the BCCs have been shown to mimic skin 
tags. Because skin tags are highly unusual in children, 
one should biopsy any skin tags seen in a young child 
to evaluate for BCC. About 90% of affected individuals 
show evidence of palmar pitting. This represents 
abnormal keratinization of the palmar skin. The lesions 
manifest as small (1-2â•¯mm), pink to red, shallow defects 
in the glabrous skin of the palms or soles.

Medulloblastoma is uncommonly seen in patients 
with BCNS, occurring in only 1% to 2% of patients. 
Interestingly, 1% to 2% of children diagnosed with 
medulloblastoma are also diagnosed with BCNS. This 
is likely the most serious sequela of the syndrome and 
carries significant morbidity and mortality.

Diagnosis of BCNS is based on fulfillment of well-
developed criteria. Two major criteria or one major and 
two minor criteria must be met to make the diagnosis. 
The six major criteria are (1) more than two BCCs; (2) 
palmar and plantar pitting; (3) odontogenic jaw cysts; 
(4) abnormalities of the ribs, including bifid or splayed 
ribs; (5) calcification of the falx cerebri; and (6) first-
degree relative diagnosed with BCNS. The minor cri-
teria are (1) congenital malformations (frontal bossing, 
hypertelorism, cleft palate, coloboma); (2) ovarian or 
cardiac fibromas; (3) macrocephaly; (4) skeletal abnor-
malities (scoliosis, syndactyly, Sprengel deformity of the 
scapula, pectus deformity); (5) medulloblastoma; and 
(6) other radiological abnormalities, including phalan-
geal lucencies in a flame shape and vertebral fusion.

Pathogenesis: BCNS is caused by to a defect in the 
PTCH1 gene on the long arm of chromosome 9. This 
gene is responsible for encoding the sonic hedgehog 
receptor protein that is found on many cell membranes. 
In normal physiological states, the transmembrane 
protein encoded by PTCH1 binds to the smoothened 
protein, turning off downstream cell signaling and ulti-
mately decreasing cell proliferation. When the gene is 
mutated or when excessive sonic hedgehog protein  
is present, inhibition of the smoothened protein is 
removed, leading to uncontrolled cell signaling and a 
dramatically increased risk of cancer. Patients with 
BCNS are more sensitive to damage from ultraviolet 
light and radiation than normal controls.

Histology: BCC in the BCNS syndrome is histologi-
cally the same as any other BCC, and there are no 
distinguishing factors.

Scoliosis.
Ribs close 
together on 
concave side 
of curve,
widely 
separated on 
convex side. 
Vertebrae 
rotated 
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processes and 
pedicles
toward 
concavity

Medulloblastoma 
arising from vermis 
of cerebellum, 
filling 4th ventricle 
and protruding into 
cisterna magna

MANIFESTATIONS OF BASAL CELL NEVUS SYNDROME

Syndactyly

Fibroma

Ovary

J

Sprengel deformity. Radiograph shows
omovertebral bone (arrows) connecting
scapula to spinous processes of cervical
vertebrae via osteochondral joint (J).

Basal cell nevus syndrome. Multiple scars
from prior basal cell carcinoma removal.
Frontal bossing is also noted.

Treatment: BCCs tend to be multiple. Routine skin 
examinations and prompt removal of basal cell skin 
cancers help decrease the size of scarring and disfigure-
ment resulting from surgery. All patients need to be 
educated at an early age on avoiding excessive sun expo-
sure, tanning, and unnecessary radiation exposure from 
medical testing, because all of these increase the likeli-
hood of BCC development. Many ongoing research 

protocols are looking at oral agents to decrease the 
abnormal hedgehog signaling pathway; such studies 
may lead to medical options for these patients in the 
future. Jaw cysts are best removed surgically to relieve 
pain and discomfort. Medulloblastoma is a serious,  
life-threatening tumor most commonly seen in early 
childhood, before the age of 4 years. Surgical and  
chemotherapeutic options exist.
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CARNEY COMPLEX

Carney complex, also known as NAME syndrome 
(nevi, atrial myxomas, myxoid neurofibromas, epheli-
des) or LAMB syndrome (lentigines, atrial myxomas, 
mucocutaneous myxomas, blue nevi), is an autosomal 
dominantly inherited disorder that affects the integu-
mentary, endocrine, cardiovascular, and central nervous 
systems. This rare disorder is primarily caused by a 
genetic mutation in the tumor suppressor gene, 
PRKAR1A. Approximately 20% of patients have defects 
in an undescribed gene located at 2p16. Various geno-
types and phenotypes exist, and the diagnosis is based 
on a complex list of major, supplemental, and minor 
criteria.

Clinical Findings: The phenotypic expression of the 
disease is variable, and research has shown the pheno-
type to be related to the underlying genotype of the 
disease. Cutaneous findings are often the first signs of 
the disease, and they are typically noticed in the first 
few months of life. Five prominent skin effects can be 
seen in isolation or, more commonly, in conjunction 
with one another. Multiple lentigines and common 
acquired nevi are the two most frequent skin findings. 
Multiple blue nevi are also seen. The blue nevi, lentigi-
nes, and nevi tend to group together on the head and 
neck region, lips, and sclerae. Mucocutaneous myxomas 
may be found at any location and appear as flesh-
colored to slightly translucent, pedunculated papules 
that are soft and easily compressed. They vary widely 
in number, from a few to hundreds. Subcutaneous 
myxomas are often found on the margin of the tarsal 
plate and can have a slightly pink-red to somewhat 
translucent appearance. They are not as soft to the 
touch as the mucocutaneous myxomas. Ephelides are 
also found in abundance, primarily in the head and neck 
region.

Cardiac myxomas are the leading cause of morbidity 
and mortality, and each patient diagnosed with Carney 
complex needs routine echocardiography and follow- 
up with cardiology. Male patients should be screened 
for testicular tumors with physical and ultrasound  
evaluations. Pituitary adenomas may lead to a growth 
hormone–producing adenoma and subsequent evidence 
of acromegaly. Cushing’s syndrome may result from 
excessive cortisol production by the adrenal glands. 
This is a multisystem disorder with great variation in 
potential organ system involvement. Carney complex is 
best treated and monitored with a multidisciplinary 
approach.

Pathogenesis: The PRKAR1A gene encodes a regula-
tory subunit of a protein kinase A. Protein kinase A 
belongs to a family of regulatory proteins that are 
dependent on cyclic adenosine monophosphate (cAMP) 
for proper functioning. Many different mutations in 
PRKAR1A have been discovered, including missense, 
frame-shift, and nonsense mutations, all leading to 
defects in the encoded protein. Because of the many 
unique mutations in this gene, researchers have been 
able to show that the type of genetic mutation corre-
lates with the phenotype of the disease. As an example, 
mutations in the exon portions of the gene (compared 
with the intron portions) are much more likely to clini-
cally express lentigines and cardiac myxomas.

Histology: Skin biopsies by themselves are not diag-
nostic, and the lentigines, myxomas, and blue nevi 
found in patients with this syndrome are not different 
histologically than those found outside the Carney 
complex. Testicular tumors usually show a Leydig cell 
or Sertoli cell tumor with various amounts of calcifica-
tion. Histological findings on biopsy of the adrenal 

Mucocutaneous manifestations
of Carney complex characterized
by pigmented lentigines,
blue nevi, myxomas, common
acquired nevi, and subcutaneous
myxomas

Additional features of
Carney complex can include:

Myxomas: cardiac atrium,
mucocutaneous myxoma

Testicular large-cell
calcifying Sertoli cell tumors

Growth hormone–
secreting pituitary adenomas

Psammomatous melanotic
schwannomas (found along
the sympathetic nerve chain)

Primary pigmented nodular adrenocortical disease (PPNAD).
Adrenal glands are usually of normal size and most are studded
with black, brown, or red nodules. Most of the pigmented nodules
are less than 4 mm in diameter and interspersed in the adjacent
atrophic cortex.

gland characteristically show varying amounts of noduÂ�
lar pigmented regions; this has been termed primary 
pigmented nodular adrenocortical disease (PPNAD). 
Adrenal disease may lead to increased production of 
cortisol and ultimately to the signs and symptoms of 
Cushing’s syndrome. A unique tumor, almost always 
seen in conjunction with Carney complex, is the psam-
momatous melanotic schwannoma. These are not cuta-
neous tumors but are most likely to be found along the 
paraspinal sympathetic chain.

Treatment: Therapy for skin myxomas includes 
observation or excision of individual lesions. Lentigines 
and blue nevi can be removed for cosmetic purposes. 
Atrial myxomas are the leading cause of morbidity  
and mortality, and they require removal by cardioÂ�
thoracic surgery. Patients need to be monitored by  
cardiology and endocrinology specialists for their  
entire lifetime. Routine screening evaluations of the 
heart, pituitary, adrenal gland, and testicles must be 
performed.
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CUSHING’S SYNDROME 
AND CUSHING’S DISEASE

Cushing’s syndrome is caused by excessive secretion of 
endogenous glucocorticoids or, more frequently, by 
intake of excessive exogenous glucocorticoids. The 
latter type is typically iatrogenic in nature. The exces-
sive glucocorticoid levels lead to the many cutaneous 
and systemic signs and symptoms of Cushing’s syn-
drome and Cushing’s disease. Endogenous glucocorti-
coids are made and secreted by the adrenal glands, and 
benign adrenal adenomas are the most frequently 
implicated adrenal tumors causing Cushing’s syndrome. 
Cushing’s disease is caused by excessive secretion from 
the anterior pituitary of adrenocorticotropic hormone 
(ACTH, corticotropin) as the result of a basophilic  
or chromophobe adenoma. The increased amount of 
ACTH causes the adrenal glands to hypertrophy and 
boost their production of cortisol, eventually leading  
to a state of hypercortisolism. Excessive release of 
corticotropin-releasing hormone (CRH) from the para-
ventricular nucleus of the hypothalamus can also cause 
the syndrome. Any tumor that has the ability to produce 
ACTH also has the potential to cause Cushing’s syn-
drome. The most frequently reported such tumor is the 
small cell tumor of the lung, which is able to produce 
many neuroendocrine hormones including ACTH in 
large amounts.

Clinical Findings: Cushing’s disease is found more 
frequently in females than in males, and there is no race 
predilection. The most common age at onset of the 
disease is in the third to fourth decades of life. Cushing’s 
syndrome, especially the exogenous form, can be seen 
at any age, and ACTH-secreting tumors typically mani-
fest in the sixth to eighth decades of life, particularly if 
caused by small cell lung cancer.

Cutaneous findings in Cushing’s syndrome and 
Cushing’s disease are almost identical. The excessive 
cortisol levels affect the skin, including the underlying 
subcutaneous adipose tissue. Patients have an insidious 
onset of fat redistribution. This leads to thinning of the 
arms and legs and deposition of adipose tissue in the 
abdomen and posterior cervical fat pad (“buffalo 
hump”). The fat redistribution also causes the face to 
have a full appearance (“moon facies”). Supraclavicular 
fat pads are frequently appreciated on physical examina-
tion. Large, thick, purple-red striae are seen along the 
areas of fat redistribution on the abdomen and buttocks, 
as well as on the breasts in female patients. Striae are 
caused by an increase in fat and an increase in the 
catabolism of dermal elastic tissue. The catabolic effect 
of cortisol causes muscle wasting and the appearance of 
further thinning of the limbs. This also leads to weak-
ness and easy fatigability. Cortisol directly causes thin-
ning of the skin to the point that it appears translucent 
and almost paper-like. This thinning of the skin may 
impart a redness to the face (facial plethora) and other 
regions as the underlying vasculature becomes more 
noticeable. The skin is easily torn or bruised and shows 
poor wound healing ability.

Cortisol decreases elastic tissue within the cutaneous 
vasculature, leading to easy and exaggerated bruisability 
and prominent ecchymoses. The excessive cortisol may 
also lead to increases in acne papules, pustules, and 
nodules; in some cases, this is quite severe, with cysts, 
nodules, and scarring. A rare cutaneous finding is exces-
sive facial lanugo hair. In Cushing’s disease, the exces-
sive production of ACTH is associated with an increase 
in the production of melanocyte-stimulating hormone 
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CLINICAL FINDINGS OF CUSHING’S SYNDROME 

(MSH) and subsequent hyperpigmentation. This is not 
seen in untreated Cushing’s syndrome.

Cushing’s syndrome and Cushing’s disease also mani-
fest systemically with myriad symptoms. Excessive cor-
tisol may lead to mood changes including depression, 
mania, and psychosis. Hypertension is common, and 
elevated blood sugar levels may occur and can be difficult 
to control. The skeletal system is always affected, and 
osteoporosis occurs early in the course of the disease; left 
untreated, this can lead to vertebral compression frac-
tures and other bony fractures (e.g., femoral neck).

Treatment: Cushing’s syndrome of exogenous origin 
requires removal of the responsible agent. In most 
cases, this is difficult, because these patients often 

require the life-saving exogenous corticosteroids (e.g., 
after transplantation). In such cases, the practitioner 
should decrease the dose to the minimum possible or 
try to change to a different immunosuppressant. Cush-
ing’s syndrome caused by adrenal adenoma or bilateral 
adrenal hyperplasia requires surgical removal. After 
removal of both adrenal glands, the patient will need 
replacement therapy. If the syndrome is caused by 
abnormal secretion of ACTH from a malignant tumor 
such as a small cell carcinoma of the lung, the patient 
is best served by treating the underlying tumor.  
Cushing’s disease is best treated by neurosurgical 
removal of the tumor, with consideration of postopera-
tive radiotherapy.
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CUSHING’S SYNDROME: 
PATHOPHYSIOLOGY

Cushing’s syndrome is directly caused by excessive 
amounts of glucocorticoids and their effects on numer-
ous organ systems. Cortisol is strikingly elevated in all 
cases of Cushing’s syndrome. In some cases, levels of 
17-ketosteroids and aldosterone are slightly elevated, 
and this plays a role in the clinical manifestations of the 
disease. There are numerous disease states that can 
cause hypercortisolemia, including excessive secretion 
of adrenocorticotropic hormone (ACTH, corticotro-
pin), adenoma and hyperplasia of the adrenal gland, 
carcinoma of the adrenal gland, primary pigmented 
nodular adrenocortical disease (PPNAD), and exoge-
nous cortisol use. In all cases, it is the marked elevation 
of cortisol that ultimately is the cause of the disease.

Normally, ACTH is produced and regulated by  
the hypothalamic-pituitary-adrenal (HPA) axis. Corti-
cotropin-releasing hormone (CRH) is the main hypo-
thalamic regulator of pituitary ACTH production. 
CRH acts on the corticotroph cells of the anterior pitu-
itary, causing them to secrete pro-opiomelanocortin 
(POMC), which is posttranslationally modified into 
ACTH. ACTH then acts on the adrenal glands to 
increase production of cortisol. Normally, cortisol and 
ACTH both act in a negative feedback loop to inhibit 
excessive secretion of CRH.

Excessive ACTH may be produced in several ways. 
Most often, it is produced from a basophilic adenoma 
of the anterior stalk of the pituitary gland. The term 

Cushing’s disease should be used in cases of anterior 
pituitary ACTH-secreting tumors. All other forms of 
the condition should be referred to as Cushing’s syn-
drome. In basophilic adenomas of the pituitary, the size 
of the sella turcica can range from normal to dramati-
cally enlarged. ACTH production is elevated and is not 
suppressed by the increase in the cortisol level. Bilateral 
adrenal hyperplasia is seen, because the ACTH acts to 
increase the production of cortisol by the adrenal glands.

ACTH is produced in the pituitary by posttransla-
tional modification of the protein POMC. POMC is 
modified by various enzymes to produce ACTH, 
β-lipotropin, and melanocyte-stimulating hormone 
(MSH). ACTH is further broken down to produce 
MSH. β-lipotropin is broken down to produce β-
endorphin. Cushing’s disease is associated with a gener-
alized skin hyperpigmentation caused by increased 
melanin production that is directly related to the effects 
of MSH on the cutaneous melanocytes. Hyperpigmen-
tation of the skin is seen only in patients with an abnor-
mally elevated ACTH secretion.

Excessive ACTH may also be produced from ectopic 
ACTH-producing tumors, most frequently broncho-
genic small cell tumor. Most patients present with  
signs and symptoms of Cushing’s syndrome before  
the underlying tumor is diagnosed. This form of  
Cushing’s syndrome can be very difficult to differentiate 
from Cushing’s disease in the early stages of each,  
and the clinician needs to be aware of the various  
pathophysiological mechanisms involved in excessive 
ACTH production. When faced with a patient with 
excessive ACTH production, the clinician must perform 
a thorough evaluation, including history, physical 

examination, and laboratory and radiological testing, to 
determine the etiology.

Cortisol excess may also be seen in primary adrenal 
disease caused by benign bilateral adrenal hyperplasia, 
a cortisol-secreting adenoma, or, less likely, a carci-
noma. In these cases, plasma ACTH levels are reduced 
to near zero, due to the effect of the negative feedback 
loop on the HPA axis. The uninvolved adrenal gland is 
typically atrophic. Exogenous steroid use can also lead 
to Cushing’s syndrome. In those cases, the ACTH level 
is decreased and the adrenal glands are atrophic.

Regardless of the etiology of Cushing’s disease or 
Cushing’s syndrome, the clinical manifestations are 
caused almost entirely by excessive cortisol production 
in the zona fasciculata of the adrenal gland. Cortisol is 
a catabolic steroid and causes profound muscle weak-
ness if allowed to persist. Adipose tissue redistribution 
is prominent. Central obesity is easily observed, with a 
thinning of the extremities. Supraclavicular and poste-
rior cervical (“buffalo hump”) fat pads are frequently 
encountered. Cortisol has negative effects on the con-
nective tissue of the skin, leading to a decrease in col-
lagen. This, in turn, leads to an increase in capillary 
fragility, easy bruising, ecchymoses, and a thin or trans-
lucent appearance to the skin. Prominent purple to red 
striae are seen as a result of the loss of normal connec-
tive tissue function within the skin. The striae are most 
prominent in areas of obesity and are made more 
noticeable by the central fat redistribution. Facial pleth-
ora is frequently seen and is likely caused by thinning 
of the skin and an underlying polycythemia. Excessive 
cortisol leads to increased blood glucose levels; this in 
turn can lead to poor wound healing and an increase in 

No increased pigmentation

Adrenal cortical hyperplasia

Cortisol

Adrenal androgens (e.g., DHEA)

Deoxycorticosterone (DOC)

Increased pigmentation

ACTH markedly increasedACTH moderately increased

Pituitary
corticotroph
microadenoma

Pituitary
corticotroph
macro-
adenoma

Ectopic ACTH
secretion from
pulmonary
small cell tumor

Sella turcica
normal, MRI
detects
tumor
in 50%

ACTH secretion not inhibited despite elevated cortisol

Sella turcica enlarged, 
MRI detects tumor in 100%

Both adrenal cortices
overactive
and/or
hyper-
plastic
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Primary pigmented nodular
adrenocortical disease (PPNAD)

ACTH
absent
or
very 
low

Adrenal
adenoma

Adrenal
carcinoma

Inhibition of hypothalamic CRH and pituitary ACTH

Unilateral primary 
adrenal disease

Bilateral primary
adrenal disease

ACTH-independent massive
adrenal hyperplasia (AIMAH)   

Atrophy of
contralateral
adrenal cortex  

Acne
Hirsutism
Recess of scalp hair/andro-
genic alopecia

Clitoral enlargement (rarely)
Breast atrophy
Decreased libido
Depression

Moderate hypertension
Edema

Adrenal androgens:
Low: adrenal adenoma, AIMAH, PPNAD
Normal: pituitary microadenoma
High: ectopic ACTH, adrenal carcinoma,

pituitary macroadenoma

Mineralocorticoid effect:
Low: adrenal adenoma, AIMAH, PPNAD
Normal: pituitary microadenoma
High: ectopic ACTH, adrenal carcinoma,

pituitary macroadenoma

Cortisol:
Mildly increased: pituitary
      microadenoma, AIMAH,

PPNAD
Moderately increased:

pituitary macroadenoma,
adrenal adenoma

Markedly increased: ectopic
ACTH, adrenal carcinoma

DHEAS: increased
Androstenedione: increased
Testosterone: increased

Hyponatremia
Hypokalemia
Plasma renin activity: low
DOC or aldosterone: high
Alkalosis

Neutrophilia
Relative lymphopenia (<20%)
Relative eosinopenia
Hyperglycemia 
Cortisol: increased with lack of diurnal variation

Midnight salivary cortisol: increased

24-Hour urinary
aldosterone: increased

24-Hour urinary cortisol: increased
Hypercalciuria

17–Ketosteroids: increased

Weight gain with central obesity and fat
redistributation

Facial rounding and plethora
Supraclavicular and dorsocervical fat pads
Easy bruising, thin skin, and poor wound healing
Red-purple striae �1 cm wide
Proximal muscle weakness
Osteoporosis
Gastric ulcers, hyperacidity

infections. Hyperglycemia can lead to polyuria and 
polydipsia.

Most patients with elevated cortisol levels exhibit 
some degree of central nervous system involvement. 

CUSHING’S SYNDROME: 
PATHOPHYSIOLOGY (Continued)

Fatigue, lethargy, emotional disturbance, depression, 
and occasionally psychosis are diagnosed in these 
patients. Excess cortisol can cause an increase in gastric 
acidity, leading to severe peptic ulcer disease. Patients 
with Cushing’s syndrome are more likely to have severe 
recalcitrant peptic ulcer disease than the average peptic 
ulcer patient.

In some patients, levels of 17-ketosteroids and aldo-
sterone are moderately elevated. This leads to acne, 

which is often nodulocystic and recalcitrant to therapy. 
Hirsutism and premature or accelerated androgenetic 
alopecia may be seen. In rare cases, clitoral enlargement 
and breast atrophy are seen. A decrease in libido is 
extremely common. Excessive aldosterone may lead to 
hypertension, hyponatremia, and a metabolic hypoka-
lemic alkalosis. The elevation of 17-ketosteroids and 
aldosterone is most frequently associated with adrenal 
carcinoma.
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DOWN SYNDROME

Down syndrome is a genetic disorder caused by trisomy 
of chromosome 21. Trisomy 21 occurs in approximately 
1 of every 1000 births. Chromosome 21 is an acrocen-
tric chromosome, and trisomy 21 is the most common 
form of chromosomal trisomy. Trisomy 21 most often 
occurs as the result of nondisjunction of meiosis, which 
leads to an extra copy of chromosome 21. Some patients 
with Down syndrome have a Robertsonian transloca-
tion to chromosome 14 or chromosome 22, which are 
two other acrocentric chromosomes. In these cases, the 
number of total chromosomes is normal at 46, but the 
extra chromosome 21 material is translocated to another 
chromosome. This, in effect, causes an extra chromo-
some 21. All or part of chromosome 21 may be trans-
located, leading to variations in phenotype. Mosaicism 
is a rare cause of trisomy 21 in partial cell lines, and the 
clinical phenotype depends on how early the genetic 
defect occurred during embryogenesis.

Clinical Findings: There is no race predilection in 
Down syndrome and only a slightly increased incidence 
in males. Down syndrome has been shown to increase 
in incidence with increasing maternal age. The esti-
mated incidence increases to 1 in every 50 births for 
mothers who are 45 years of age. The clinical manifes-
tations of Down syndrome are wide reaching and affect 
every organ system. Patients with Down syndrome have 
a decreased life span, although modern medicine con-
tinues to improve these patients’ quality and quantity 
of life. Congenital heart disease is one of the most 
frequent problems and leads to a plethora of complica-
tions and increased morbidity and mortality. Endocar-
dial cushion defects are the most frequently seen heart 
abnormality in Down syndrome. Central nervous 
system involvement leads to mental and physical delay. 
The incidence of childhood leukemia is increased in 
these patients, the most frequent type being acute 
megakaryoblastic leukemia.

The cutaneous findings in Down syndrome are vast. 
All patients with Down syndrome have cutaneous 
disease, but because of the variation in phenotype, not 
all have the same findings. Patients with Down syn-
drome are more likely to develop atopic dermatitis, 
which may be mild or severe. Generalized xerosis is 
universally found in Down syndrome. Patients may 
have an increase from the normal number of nuchal 
skin folds in infancy as well as a characteristic facies. 
Epicanthic folds and a flat-appearing face with small 
ears and a flattened nose are common. Ophthalmologi-
cal findings include Brushfield spots and strabismus.

Syringomas are frequently seen in Down syndrome 
and affect the eyelids and upper cheeks. Elastosis perfo-
rans serpiginosa (EPS) is a rare disease caused by the 
transepidermal elimination of fragmented elastic tissue. 
EPS is seen with a higher incidence in Down syndrome. 
The appearance is often that of a thin patch with a 
peripheral elevated rim and a polycyclic border or ser-
pentine course. Acanthosis nigricans was shown to be 
present in approximately 50% of individuals with Down 
syndrome. It can be located in any flexural area, and the 
etiology is unknown. The external ear canal has been 
shown to be narrowed in a most patients with Down 
syndrome; this predisposes them to an increased 
number of external and middle ear infections. Macro-
glossia with a scrotal tongue is frequently encountered.

A single transverse palmar crease (simian crease) is 
unique to patients with Down syndrome. Shortened 
metacarpal bones lead to smaller-than-normal hands, 
and an extra-wide gap between the first and second toes 

Short, broad
hands, with
simian crease
and clinodactyly
of fifth digit

Macroglossic fissured tongue
in adults (scrotal tongue)

Small, hypoplastic ears

Simian crease (one
elongated palmar crease)

Brushfield spots on iris

Wide gap between
the first and second toes

Clinodactyly

14/21 translocation       

Upward-
slanting eyes
with epicanthic
folds, flat facies

Typical facies seen in Down syndrome Variable chromosomal abnormalities leading to trisomy 21

Small mouth
with protruding
tongue

Strabismus

Syringomas

Robertsonian translocation
t (14q; 21q)

21                        21                        21
Trisomy of chromosome 21

21/22 translocation
Robertsonian translocation
t (22q; 21q)

14

22

is usually prominent. Alopecia areata is found with 
increased incidence in Down syndrome.

Treatment: Patients with Down syndrome require a 
multidisciplinary approach. Cardiac defects tend to 
cause the most morbidity and mortality, and surgical 
intervention to correct underlying heart defects is often 
required. Patients need to be monitored regularly by a 
pediatrician and then an internist or family physician 

who is well aware of the complications and care of 
patients with Down syndrome. The dermatological 
manifestations are treated as in any other individual, 
and no special considerations are needed. Xerosis 
should be managed with excellent daily skin care. It is 
important for clinicians to recognize the common cuta-
neous findings in Down syndrome so that they can 
educate parents and patients alike.
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EHLERS-DANLOS SYNDROME

Ehlers-Danlos syndrome is a heterogeneous disease  
of defective connective tissue production. There are 
many subtypes, most caused by defects in collagen  
formation or in the posttranslational modification of 
collagen. This grouping of diseases has been confusing 
because of the variable nature of the subtypes and the 
lack of a universally adopted classification system. 
Under the most recent system, there are 7 distinct  
subtypes; under the historical classification, there were 
11 types. The new classification system has not been 
universally adopted, which contributes to the confu-
sion. As the genetic defects behind each subtype are 
determined, researchers and clinicians will gain a better 
understanding of the syndrome.

Clinical Findings: Ehlers-Danlos syndrome is a 
grouping of connective tissue diseases. Each subtype is 
distinct and has a unique underlying genetic defect. 
Taken as a whole, the syndrome is estimated to occur 
in approximately 1 of every 400,000 persons. Because 
of the variation in phenotypic expression, the syndrome 
is likely underreported. Most cases are termed classic 
Ehlers-Danlos syndrome (formerly designated types I 
and II). The onset of signs and symptoms occurs in 
early childhood and can even be manifested at birth. 
Each subtype has a different mode of inheritance. Most 
are inherited in an autosomal dominant manner, with 
autosomal recessive inheritance the next most prolific 
mode of transmission. X-linked inheritance has been 
described. Ehlers-Danlos syndrome affects males and 
females equally.

Cutaneous findings are seen in most subtypes of the 
syndrome. The skin when stretched is hyperextensible, 
but it recoils to its resting position promptly and 
entirely after being released. Easy bruisability and 
excessive scarring are noticed soon after the child 
begins to crawl. The scarring has a characteristic “fish 
mouth” appearance, in that the normally thin linear 
scars stretch abnormally and leave a profoundly wider 
scar than would have been predicted. The scar tissue is 
extremely thinned and can appear translucent. The 
underlying vasculature can be seen prominently through 
the atrophic skin, further worsening the appearance of 
the scar tissue. Molluscoid pseudotumors and calcified 
subcutaneous nodules (spheroids) occur along regions 
of repetitive trauma. Epicanthic folds and elastosis per-
forans serpiginosa are two cutaneous findings that can 
be seen in cases of Ehlers-Danlos syndrome. Rare 
occurrences of blue sclerae have been reported.

The major morbidity and mortality in Ehlers-Danlos 
syndrome is seen in the vascular subtype (type IV). 
Vascular-type Ehlers-Danlos is subdivided into three 
similar variants and is caused by a defect in the COL3A1 
gene. The skin in this subtype is not hyperextensible but 
is rather translucent. Joint laxity is minimally present or 
not at all. Individuals with this subtype are more prone 
than others with Ehlers-Danlos syndrome to arterial 
aneurysms and rupture leading to death. Both large and 
medium-sized vessels are involved. The wall of the 
colon is easily ruptured, and abdominal pain in these 
patients can be an impending sign of colonic rupture.

Pathogenesis: Most forms of Ehlers-Danlos syn-
drome are caused directly by a genetic defect in colla-
gen synthesis or indirectly by a defect in posttranslational 
modification of collagen. These defects lead to an 
abnormal amount as well as abnormal functioning of 
the underlying collagen and the properties it imparts to 
the connective tissue. The vascular subtype is caused by 
a defect in the COL3A1 gene that leads to minimal or 

Parchment-like scars on forehead,
hyperelasticity of auricles

Hyperextensibility
of thumb and fingers

Bruisability

Genu recurvatum

Hyperextensibility
of elbows

Hyperelasticity
of skin

Type Inheritance Gene defect (protein)

Classic AD, AR COL5A1, COL5A2 (collagen V)

Hypermobility AD Unknown, TNXB (tenascin XB) in a small subset

Vascular AD, AR COL3A1 (collagen III)

Kyphoscoliosis AR PLOD1 (lysyl hydroxylase)

Arthrochalasis AD COL1A1, COL1A2 (collagen I)

Dermatosparaxis AR ADAMTS2 (procollagen In-propeptidase)

Other AR, AD, X FN1 (fibronectin), and some unknown

AD, autosomal dominant; AR, autosomal recessive; X, X-linked

Laparotomy
scar from
previous
GI rupture

Cutaneous
nodules
on shins

Exaggerated
passive
dorsiflexion
of ankles

no functional type III collagen. Because type III colla-
gen is a critical component of the walls of the vascula-
ture and colon, these structures are weakened and are 
prone to distention and breakage. Classic Ehlers-
Danlos syndrome is caused by defects in the COL5A1 
and COL5A2 genes that lead to defective type V col-
lagen. Defects in the enzymes lysyl hydroxylase and 
procollagen peptidase, which are responsible for post-
translational modifications of collagen, are present, 
respectively, in the kyphoscoliosis and dermatosparaxis 
subtypes of Ehlers-Danlos syndrome.

Treatment: Patients with Ehlers-Danlos syndrome 
need to be under the supervision of a pediatrician who 
understands the disease. Referral to tertiary care centers 
is an appropriate course of action. Patients need to 
avoid unnecessary trauma. They should refrain from 
contact sports. The orthopedic complications can be 
treated by an experienced orthopedic surgeon. Patients 
with vascular-type Ehlers-Danlos syndrome need to be 
monitored routinely by a cardiologist and a cardiotho-
racic surgeon. This subtype is the most difficult to 
manage because of its unpredictable nature.
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MARFAN SYNDROME

Marfan syndrome is an autosomal dominantly inherited 
disorder of connective tissue that is caused by a genetic 
defect in the FBN1 gene located on chromosome 15. 
The disorder leads to a defect in the fibrillin-1 protein, 
which is a component of the extracellular matrix of con-
nective tissue. The defect leads to many clinical findings 
in the cardiovascular, ocular, skeletal, integumentary, 
and respiratory systems. The diagnosis is made based on 
multiple criteria that include major and minor features 
of the syndrome. Cardiovascular disease is a major cause 
of morbidity and mortality in this syndrome.

Clinical Findings: Marfan syndrome has an esti-
mated incidence of approximately 1 per 7500 people. It 
affects all populations and has no gender differential. 
Many of the manifestations of the syndrome are present 
at the time of birth. As the child grows, the findings 
become more evident and the severity may worsen. The 
diagnosis of Marfan syndrome does not imply any spe-
cific prognosis, because the syndrome has a range of 
clinical manifestations. On one end of the spectrum is 
the patient with life-threatening disease, and at the 
other end is the patient who has only the musculoskel-
etal clinical features of the syndrome.

Many skeletal anomalies can be seen, including 
arachnodactyly, pectus excavatum, scoliosis, pes planus, 
high palate, and an increased lower body to upper body 
ratio. The most striking features are tall stature, thin 
body habitus, long arms, and disproportionate lower-
to-upper body ratio.

Cutaneous findings of Marfan syndrome may be 
subtle. The presence of striae distensae is almost uni-
versal. Adipose tissue is decreased, and patients often 
appear extremely thin. Elastosis perforans serpiginosa 
is seen with a high incidence in Marfan syndrome and 
is caused by the extrusion of abnormal elastic tissue 
through the epidermis. Ocular involvement often leads 
to an upward displacement of the lens (ectopia lentis). 
Myopia is often seen, as well as a decreased ability to 
constrict the pupil.

The respiratory and cardiovascular systems are com-
monly affected. Pulmonary blebs can be seen in an 
apical location. The blebs may spontaneously rupture, 
causing a pneumothorax. Severity of involvement of the 
cardiovascular system is the best prognostic indicator in 
Marfan syndrome. Prolapse of the mitral valve, aortic 
root dilation, and early-onset calcification of the mitral 
valve anulus are a few of the cardiovascular findings. 
The leading cause of mortality is rupture of an aortic 
aneurysm or aortic dissection.

Pathogenesis: Fibrillin-1 is a glycoprotein found in a 
wide range of connective tissues. Fibrillin-1 is required 
for proper elasticity and strength properties of the 
extracellular matrix. Many hundreds of mutations have 
been reported in the gene that encodes fibrillin-1. 
There is a wide phenotypic variability in Marfan syn-
drome, due in some part to the different mutations of 
the gene but also to other, as yet undescribed factors. 
This leads to a large variation in phenotype among 
individuals with the same genotypic mutation.

Defects in the fibrillin-1 protein lead to a decreased 
ability to bind to calcium. This ultimately manifests as 
abnormalities of the microfibrils throughout the con-
nective tissue. These abnormal microfibrils are more 
susceptible to degradation by matrix metalloprotein-
ases, and when they occur within the connective tissue 
lining of the vascular walls, the lining’s elastic and 
strength properties are compromised. This may lead to 
dilation, increased stiffness, aneurysm, and eventual 
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Ectopia lentis (upward and temporal
displacement of eye lens). Retinal
detachment, myopia, and other
ocular complications may occur.

Dilatation of aortic ring and aneurysm of
ascending aorta due to cystic medial necrosis
cause aortic insufficiency. Mitral valve prolapse
causes regurgitation. Heart failure is common.

Tall, thin person with
skeletal disproportion.
Upper body segment
(top of head to pubis)
shorter than lower body
segment (pubis to soles
of feet). Fingertips reach
almost to knees (arm
span-to-height ratio
greater than 1.05).
Long, thin fingers
(arachnodactyly).
Scoliosis, chest
deformity, inguinal
hernia, flatfoot

Walker-Murdoch wrist 
sign. Because of long
fingers and thin forearm,
thumb and little finger
overlap when patient
grasps wrist.

dissection of arterial walls, with the aorta being the 
most commonly affected vessel.

Treatment: All patients with Marfan syndrome should 
be monitored directly by a cardiologist and a cardiotho-
racic surgeon as needed. Routine echocardiograms  
and evaluations for aortic aneurysms are required. 
β-Blockade has been shown to be helpful to decrease 
mean arterial pressure. This reduces the pressure on the 
weakened vessel walls and subsequently decreases the 
likelihood of arterial dilation, dissection, and aneurysms. 

Calcium channel blockers and angiotensin-converting 
enzyme (ACE) inhibitors are second-line agents. 
Patients with Marfan syndrome who are closely folÂ�
lowed and treated promptly may live a normal life span. 
They must be educated to avoid strenuous physical 
activity and contact sports. Surgery to repair aortic dila-
tion and aneurysm is required once the caliber of the 
aorta reaches 5.0â•¯cm or if the rate of enlargement is 
greater than 0.5â•¯cm/year. Ocular disease should be 
evaluated and treated promptly by an ophthalmologist.
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NEUROFIBROMATOSIS

There are eight distinct clinical forms of neurofibroma-
tosis. The two most studied and clinically important 
forms are type I and type II. Neurofibromatosis type I 
(von Recklinghausen disease) and neurofibromatosis 
type II are autosomal dominant disorders involving the 
skin, the central nervous system, and various other 
organ systems. Type II has many overlapping features 
that are also seen in patients with type I disease. The 
genetic bases for type I and type II neurofibromatosis 
have been determined, and the specific gene for each 
type has been isolated. The skin findings can be instru-
mental in the diagnosis of neurofibromatosis type I.

Clinical Findings: Type I neurofibromatosis is 
usually diagnosed in early childhood. It has an esti-
mated incidence of 1 per 3000 births and occurs world-
wide. There is no gender or race predilection, and type 
I accounts for 85% to 90% of all cases of neurofibro-
matosis. There is wide clinical variability in neurofibro-
matosis. Diagnostic criteria have been established by 
the U.S. National Institutes of Health. Two or more of 
the following seven criteria are needed for diagnosis: 
(1) six or more café-au-lait macules (≥5â•¯mm in size in 
prepuberty patients; >1.5â•¯cm in postpuberty patients); 
(2) one plexiform neurofibroma or two or more neuro-
fibromas; (3) axillary or inguinal freckling; (4) optic 
glioma; (5) two or more Lisch nodules of the iris; (6) 
sphenoid dysplasia or other distinctive bone abnormal-
ity, such as pseudarthrosis of a long bone; or (7) a first-
degree relative with neurofibromatosis.

The cutaneous findings, and in particular the café-
au-lait macules, are often the presenting sign of the 
disease. Solitary café-au-lait macules are seen in a large 
percentage of the normal population, and the diagnos-
tic criteria for neurofibromatosis require the presence 
of at least six such lesions. Spinal dysraphism may be 
present if the skin overlying the spine is involved with 
a café-au-lait macule. The onset of axillary and inguinal 
freckling is often during puberty. Axillary freckling is 
also known as Crowe’s sign. Cutaneous neurofibromas 
are the most common benign tumor found in patients 
with neurofibromatosis. The tumors tend to be plenti-
ful and to increase in number and size with time. They 
are soft and often exhibit the “buttonhole” sign when 
compressed. These tumors may have an overlying pink 
to light violet coloration. Plexiform neurofibromas are 
large dermal and subcutaneous tumors specific to type 
I neurofibromatosis. They can cause compression of 
underlying structures and wrap themselves around 
nerves. Compared with the typical neurofibroma, they 
are firm and larger and have an ill-defined border. Both 
forms of neurofibromas can produce varying amounts 
of pruritus. Patients with plexiform neurofibromas have 
hypertrichosis with and without hyperpigmentation. 
The presence of multiple neurofibromas can cause psy-
chological disease.

Lisch nodules are hamartomas of the iris. They are 
observed under slit-lamp examination and can be seen 
by approximately 6 years of age. Optic gliomas are  
seen in about 1 of every 8 patients with neurofibroma-
tosis. Optic gliomas may be asymptomatic, or they  
may cause compression of the pituitary gland, resulting 
in precocious puberty. Gliomas can also cause visual 

Multiple café-au-lait spots and nodules
(fibroma molluscum) are the most
common manifestations.

CUTANEOUS MANIFESTATIONS OF NEUROFIBROMATOSIS

Localized elephantiasis 
of thigh with redundant 
skin folds overlying a
plexiform neurofibroma.

Verrucous hyperplasia. 
Maceration of velvety-soft
skin may cause weeping and
infection in crevices overlying
a plexiform neurofibroma.

Large plexiform
neurofibroma
localized to one
side of trunk
and thigh

Dense axillary and inguinal freckling
is rarely found in the absence of NF1.

Lisch nodules are hamartomas of the iris.
They are raised and frequently pigmented.

disturbance and proptosis. The best method to detect 
an optic glioma is with brain magnetic resonance 
imaging (MRI). Other ophthalmological findings that 
may be present include hypertelorism and congenital 
glaucoma.

Type II neurofibromatosis has a completely different 
phenotype than type I disease, with some overlap. 
Onset of disease is often not until the second or third 
decade of life. The main aspect of type II 

neurofibromatosis is the formation of bilateral acoustic 
neuromas (vestibular schwannomas). These tumors can 
lead to headaches, vertigo, and various degrees of 
hearing loss. Schwannomas may occur in any cranial 
nerve. The criteria used to establish the diagnosis are 
(1) the presence of bilateral schwannomas; (2) the com-
bination of a first-degree relative with type II neurofi-
bromatosis and a unilateral vestibular schwannoma; or 
(3) a first-degree relative with type II neurofibromatosis 
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and any two of the following tumors: neurofibroma, 
glioma, schwannoma, meningioma, or juvenile poste-
rior subcapsular lenticular opacity.

Cutaneous findings in type II neurofibromatosis 
include neurofibromas and café-au-lait macules. 
Although both findings are less numerous than in type 
I neurofibromatosis, most patients have only one or two 
café-au-lait macules. Cutaneous schwannomas are 
common in type II disease but are not seen in type I 
disease. A unique form of cataracts can be seen in  
neurofibromatosis type II; these are termed juvenile 
posterior subcapsular lenticular cataracts.

Histology: Skin biopsies of café-au-lait macules show 
epidermal hyperpigmentation. There is no increase  
in the number of melanocytes, and no nevus cells  
are present. Macromelanosomes can be seen. NeuroÂ�
fibromas can be located within the dermis or subÂ�
cutaneous tissue. Histological evaluation shows a 
well-circumscribed tumor composed of uniform-
appearing spindle cells of nerve origin. Special immune 
histochemical stains can be performed to confirm the 
nerve derivation of the tumors. Many mast cells are 
seen intermingled within the spindle cell tumor.

Pathogenesis: Type I neurofibromatosis is caused by 
a mutation in the NF1 gene. This gene is located on 
the long arm of chromosome 17 and encodes the 
protein neurofibromin. Defects in NF1 are responsible 
for most cases of neurofibromatosis, making type I  
neurofibromatosis the most common type of neuroÂ�
fibromatosis. Because of the large size of the NF1 gene, 
many spontaneous mutations occur and result in cases 
of neurofibromatosis. The neurofibromin protein has 
been determined to be a tumor suppressor protein.  
It regulates the ras family of protooncogene. When 
neurofibromin is defective, the ras protooncogene 
loses its negative regulatory protein and is able to  
signal continuously.

Type II neurofibromatosis is caused by a genetic 
defect in the SCH (NF2) gene on the long arm of chro-
mosome 22. The NF2 gene is approximately one third 
the size of NF1. It encodes the schwannomin (merlin) 
protein, a tumor suppressor protein that helps act as  
a go-between in the interactions between the cell 
cytoskeleton/membrane and the extracellular matrix. 
Loss of function of the protein results in abnormal cell 
signaling and unabated cell growth in various tissues.

Treatment: Once the diagnosis has been established, 
patients need lifelong monitoring for the development 
of various complications related to their disease.  
Family members should be screened for the disease,  
and genetic counseling should be offered to affected 
patients. Adolescents and young adults may benefit 
from annual physical examinations, and routine oph-
thalmological examinations should be recommended. 
Screening in childhood for the development of scoliosis 
should be recommended. Patients should be screened 
for hypertension at each visit because of the increased 
incidence of pheochromocytoma. Patients with neuro-
fibromatosis are at increased risk for development  
of malignant transformation of their neurofibromas 
into neurofibrosarcomas. These rare sarcomas can be 
located anywhere, and any major change, pain, or 

NEUROFIBROMATOSIS 
(Continued)

growth of a preexisting neurofibroma should make the 
clinician consider performing a biopsy to rule out 
malignant degeneration. Optic gliomas are best surgi-
cally excised if indicated, even though removal of the 
optic glioma typically results in blindness.

Patients with type II disease should have screening 
MRI studies of the brain and the rest of the central 
nervous system to look for schwannomas. Type II 

disease, because of the presence of bilateral schwanno-
mas, is a much more serious and life-altering disease 
than type I. The follow-up management of type II neu-
rofibromatosis requires a multidisciplinary approach. 
Ophthalmology, otolaryngology, neurosurgery, and 
internal medicine physicians need to coordinate care 
for these patients. Neurosurgery and localized radio-
therapy have been used to treat the brain tumors.

Neurofibromatosis. One
of von Recklinghausen’s original
patients, who had extensive sub-
cutaneous nodules but no neurological
symptoms. Such wide-spread skin
involvement is uncommon.

CUTANEOUS AND SKELETAL MANIFESTATIONS OF NEUROFIBROMATOSIS  

Girl with typical café-au-lait
spots but only a few skin nodules.
Relatively mild neurofibromatous
scoliosis is present.

Severe scoliosis. Radiograph
shows typical sharp angu-
lation unresponsive to
corrective measures, often
seen in neurofibromatosis.

Dumbbell tumor 
Of spinal nerve root

Spinal cord

Spinal deformities in neuro-
fibromatosis. Boy with kypho-
scoliosis. Foreshortening of
trunk secondary to kyphosis
gives appearance of longer
upper limbs.

Young woman with bilateral facial
palsy. Note drooping of cheeks due
to compression of both facial (VII)
nerves by acoustic neuromas, which
also caused hearing loss. Proptosis
resulted from bilateral optic (II)
nerve tumors. Subcutaneous nodules
developed on her forehead, and 
masses in her neck compressed
the trachea. Disease was fatal in
this patient.
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Plate 9-12� Genodermatoses and Syndromes

TUBEROUS SCLEROSIS

Tuberous sclerosis (Bourneville’s syndrome) is a multi-
system disease that often manifests with cutaneous find-
ings. It is inherited in an autosomal dominant manner 
and is directly caused by a defect in one of two genes, 
TSC1 or TSC2, usually due to a spontaneous mutation. 
TSC1 has been shown to encode the hamartin protein, 
whereas TSC2 gene encodes the tuberin protein. The 
skin, central nervous system (CNS), cardiovascular, 
respiratory, visual, and musculoskeletal systems are 
affected. This genodermatosis has an extremely variable 
phenotype. At one extreme is the severely disabled and 
mentally delayed individual with severe seizure disor-
ders; at the other end of the spectrum is the individual 
with mild skin disease and unappreciable CNS disease.

Clinical Findings: The incidence of tuberous sclero-
sis is approximately 1 in 15,000, and the disease affects 
all races and genders equally. Infants and young chil-
dren may present with primary CNS disease with the 
onset of seizures. All children with new-onset seizures 
should be evaluated for the cutaneous findings of tuber-
ous sclerosis; if these are located, the child should be 
further evaluated for the possibility of this diagnosis. 
Mental delay may be noticeable, because the child may 
not meet normal developmental milestones. Other 
brain anomalies have been reported to occur in tuber-
ous sclerosis, including astrocytomas, hydrocephalus, 
cortical tubers, and subependymal tumors. Cardiac 
rhabdomyomas may manifest with a murmur and are 
best evaluated with the use of an echocardiogram. The 
lungs are rarely involved with lymphangiomyomatosis.

Cutaneous findings are often the earliest findings  
of the disease, even before the onset of CNS disease. 
The “ash leaf” macule is the first cutaneous findÂ�
ing; it is represented by a hypopigmented to depig-
mented macule in the shape of an ash leaf. Other 
hypopigmented macules are prominent components  
of tuberous sclerosis and include “confetti” macules  
and polygonal hypopigmented macules. The isolated 
finding of a hypopigmented macule in infants should 
make one consider and evaluate for the diagnosis of 
tuberous sclerosis. Approximately 0.25% of normal 
newborns have a hypopigmented macule with no other 
evidence of tuberous sclerosis.

Connective tissue nevi are frequently seen in this 
disease and can manifest as small plaques or dermal 
nodules. These nevi have been termed “shagreen 
patches.” Skin biopsies are required to diagnose a con-
nective tissue nevus. Koenen tumors, a type of periun-
gual fibroma, are a feature of the disease and can be 
seen on a solitary digit or on multiple digits of the hands 
and feet. Café-au-lait macules are occasionally seen. At 
puberty or slightly before, the presence of facial angio-
fibromas may become noticeable. These facial tumors 
tend to increase in size and number over time. They 
cause significant morbidity and psychological harm to 
the affected individual. These angiofibromas have been 
given the name adenoma sebaceum, and in some cases 
they are the initial sign of the disease. They are fre-
quently misdiagnosed as early acne, and only after lack 
of response to therapy or referral to a dermatologist are 
they accurately identified. These facial growths cause 
significant disfigurement, and many individuals seek 
therapy to lessen the appearance of these tumors.

Pathogenesis: When defective, hamartin and tuberin 
have been shown to cause tuberous sclerosis. They  
are both tumor suppressor proteins that function by 
interacting with a G protein. This interaction inhibits 
the so-called mammalian target of rapamycin (mTOR) 

Tuber of cerebral cortex. Consisting of many astrocytes,
scanty nerve cells, some abnormal sites

Multiple small tumors. Caudate nucleus
and thalamus projecting into ventricles

Tuber of ocular fundus

Depigmented skin area

Multiple small
tumors in kidney

Rhabdomyomas
of heart muscle

CT scan. Showing one of many
calcified lesions in periventricular areaAdenoma sebaceum. Over both cheeks and bridge of nose

signaling pathway. When these proteins are mutated, 
the inhibition is removed, and the mTOR pathway is 
allowed to signal uncontrolled. This leads to unregu-
lated cell division and the production of various tumors.

Treatment: Therapy needs to be individualized for 
each patient. Those with seizure disorders and CNS 
tumors require the expertise of a neurologist or  
neurosurgeon or both. Antiseizure medications are fre-
quently required for prolonged periods. Routine oph-
thalmological examinations should be recommended  

to evaluate for the possibility of retinal astrocytic  
hamartomas (phakomas). Facial angiofibromas can  
be surgically removed by many means. Laser vaporiza-
tion and more traditional surgical methods have been 
used to remove or lessen the appearance of these 
tumors. No therapy is required for the hypopigmented 
macules or the connective tissue nevi. All patients 
should be monitored routinely by their pediatrician for 
evaluation of developmental milestones and physical 
examinations.
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INDEX

A
A vitamin deficiencies, 220. See also Vitamins.
Acanthosis nigricans, 72
Achillobursitis, 138
Acne, 73-74

inversa, 108
keloidalis nuchae, 75

Acrochordon, 14
Acrogeria, 93
Actinomycosis, 162. See also Mycoses.
Acute conditions

adrenal insufficiency, 180-181
febrile neutrophilic dermatoses, 76
graft-versus-host disease (GVHD), 105
paronychia, 200-201

Addison’s disease, 227
Adenocarcinomas, 157. See also Carcinoma.
Adenoma sebaceum, 239
Adnexal carcinomas, 52. See also Carcinoma.
Adrenal insufficiency, acute, 180-181
Adrenocortical

disease, primary pigmented nodular, 229
insufficiency, primary, 227

African trypanosomiasis, 84
Agranulocytosis, 126
Alkaptonuria, 124-125
Allergic contact dermatitis, 77-78. See also Dermatitis.
Alopecia

androgenic, 199
areata, 198
vs. male pattern baldness, 199
totalis, 198

Amyloid deposition, 228
Amyloidosis, 228
Anagen effluvium, 206. See also Effluvium.
Anaplasmoses, 84
Anatomy, physiology, and embryology, 1-11

anatomy, normal, 3
embryology, 2
flora, normal, 6
histology, normal, 4
morphology, 10-11
photobiology, 8
physiology, keratinization processes, 5
vitamin D metabolism, 7
wound healing processes, 9

Anderson-Fabry disease, 101
Androgenic alopecia, 199. See also Alopecia.
Anemia, pernicious, 126
Angiosarcomas, 53. See also Sarcomas.
Annular

telangiectatic pigmented purpura, 128
urticaria, 147. See also Urticaria.

Annulare, granuloma, 106
Antagonists, vitamin K, 221-222. See also Vitamins.
Aphthous ulcers, 144-145
Arteriolopathy, calcific uremic, 85
Arthritis

psoriatic, 200
reactive, 138

Arthrochalasis-type Ehlers-Danlos syndrome, 235
Arthropathies, crystal-induced, 103-104
Ascorbic acid deficiencies, 218-219
Athlete’s foot, 168-170
Atopic dermatitis, 79-80. See also Dermatitis.
Atrophoderma vermiculata, 110
Aureus, lichen, 128. See also Lichen.
Autoimmune blistering diseases, 149-159

basement membrane zone (BMZ) and, 150-151
dermatitis herpetiformis, 154
dermatosis, linear immunoglobulin A (IgA), 156
desmosome and, 150-151
epidermolysis bullosa acquisita, 155
hemidesmosome and, 150-151

pemphigoid
benign mucous membrane, 153
Brunsting-Perry, 153
bullous, 152
mucus membrane, 153
ocular cicatricial, 153

pemphigus
foliaceus, 158
paraneoplastic, 157
vulgaris, 159

Autoinflammatory syndromes, 81-82

B
B vitamin deficiencies. See also Vitamins.

B1, 210-211
B3, 214-215

Babesiosis, 84
Bacterial meningitis, 181
Baldness

alopecia. See Alopecia.
male pattern, 199

Bamboo hair, 203
Basal cell

carcinomas, 54-55
nevus syndrome (BCNS), 229

Basement membrane zone (BMZ), 150-151
BCNS. See Basal cell nevus syndrome.
Beau’s lines, 202
Becker’s nevi, 15. See also Nevi.
Benign growths, 13-50

acrochordon, 14
cysts

epidermal inclusion, 22
ganglion, 26
median raphe, 34
pilar, 45
trichilemmal, 45

dermatofibroma, 16
ephelide, 20-21
fibrofolliculoma, 24
glomangioma, 27
glomus tumor, 27
hamartomas, smooth muscle, 15
hemangiomas, sclerosing, 16
hidradenoma papilliferum, 28
hidrocystoma, 29
keratoses

lichenoid, 32
porokeratoses, 46
seborrheic, 49

leiomyoma, 31
lentigines, 20-21
lipomas, 33
vs. malignant, 51-70. See also Malignant growths.
milia, 38
neurofibroma, 39
neuroma, palisaded encapsulated (PENs), 44
nevi

Becker’s, 15
congenital, 15, 36, 37
epidermal, 23
lipomatous superficialis, 40
melanocytic, 35-37
Ota vs. Ito, 41
sebaceus, 42
Spitz, 50

fibrous papules, 25
osteoma cutis, 43
reticulohistiocytoma, 48
scars, hypertrophic vs. keloid, 30
spiradenoma, eccrine, 18
syringoma, eccrine, 19

Benign mucous membrane pemphigoid, 153. See also 
Pemphigoid.

Beriberi, 210-211
Beta (β)-carotene-to-vitamin A conversions, 220
Bites, bug, 83-84
Bitot’s spots, 220
Blackfly bites, 84
Blastomycosis, 163. See also Mycoses.
Blindness, night, 220
Blistering diseases, autoimmune, 149-159

basement membrane zone (BMZ) and, 150-151
dermatitis herpetiformis, 154
dermatosis, linear immunoglobulin A (IgA), 156
desmosome and, 150-151
epidermolysis bullosa acquisita, 155
paraneoplastic pemphigus, 157
pemphigoid

benign mucous membrane, 153
Brunsting-Perry, 153
bullous, 152
mucus membrane, 153
ocular cicatricial, 153

pemphigus foliaceus, 158
pemphigus vulgaris, 159

Blood dyscrasias, oral manifestations of, 126
BMZ. See Basement membrane zone (BMZ).
Bourneville’s syndrome, 239
Bowenoid papulosis, 57
Bowen’s disease, 56
Broomstick hair, 203
Brunsting-Perry pemphigoid, 153. See also Pemphigoid.
Brushfield spots, 234
Bug bites, 83-84
Bullous pemphigoid, 152. See also Pemphigoid.
Bursitis, 138

C
C vitamin deficiencies, 218-219. See also Vitamins.
Calcific uremic arteriolopathy, 85
Candidiasis, oral, 144-145
Carcinoid syndrome, 214-215
Carcinoma

adenocarcinomas, 157
adnexal, 52
basal cell, 54-55
Merkel cell, 65
nevoid basal cell carcinoma syndrome, 229
sebaceous, 68
squamous cell (SCCs), 56-57, 69-70, 157

Carney complex, 230
Casal’s necklace, 214-215
Celiac sprue, dermatitis herpetiformis and, 154
Cellulitis, 187
Cervicofacial actinomycosis, 162
Chagas disease, 84
Chancroid, 164. See also Sexually-transmitted diseases 

(STDs).
Chickenpox, 191
Cholinergic urticaria, 147. See also Urticaria.
Chronic conditions

chronic infantile neurological cutaneous and articular 
syndrome (CINCA), 81-82

graft-versus-host disease (GVHD), 105
primary adrenocortical insufficiency, 227
renal failure, 93

Cicatricial pemphigoid, ocular, 153. See also 
Pemphigoid.

CINCA. See Chronic conditions.
Classic Ehlers-Danlos syndrome, 235
Clinodactyly, 234
Club hair, 206
Clubbing, 202
Coccidioidomycosis, 165. See also Mycoses.

Autoimmune blistering diseases (continued)
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Cold autoinflammatory syndrome, familial (FCAS), 
81-82

Collagen, types of, 155
Condylomata acuminata, 176-177
Congenital syphilis, 190
Conjunctivitis, 138
Contact dermatitis. See also Dermatitis.

allergic, 77-78
irritant, 109

Copper metabolism defects, 223
Cork-screw hair, 203
Crab lice, 176-177
Cradle cap, 143
Creeping eruption disease, 167
Crohn’s disease, skin manifestations of, 144-145
Cryopyrinopathies, 81-82
Cryptococcosis, 166
Crystal-induced arthropathies, 103-104
Cushing’s

disease, 231-233
syndrome, 229, 231-233

Cutaneous
amyloidosis, 228
larva migrans, 167
lupus, 86-88
metastases, 58
sporotrichosis, 185

Cutis laxa, 89
Cystomas, 29
Cysts. See also Benign growths.

epidermal inclusion, 22
ganglion, 26
isthmus-catagen, 45
median raphe, 34
pilar, 45
trichilemmal, 45

D
Deer tick bites, 84
Deficiencies, vitamin. See also Vitamins.

A, 220
B1, 210-211
B3, 214-215
C, 218-219
K, 221-222

Degeneration, hepatolenticular, 223
Dengue, 84
Deposition, amyloid, 228
Dermatitis. See also Rashes.

atopic, 79-80
contact

allergic, 77-78
irritant, 109

herpetiformis, 154
photoirritant, 127
phototoxic, 127
phytophotodermatitis, 127
radiation, 137
seborrheic, 143
stasis, 146

Dermatofibroma, 16
Dermatofibrosarcoma protuberans (DFSP), 16
Dermatological illustrations

anatomy, physiology, and embryology, 1-11
autoimmune blistering diseases, 149-159
genodermatoses and syndromes, 225-239
growths

benign, 13-50
malignant, 51-70

hair and nail diseases, 197-207
infectious diseases, 162-195
metabolic and nutritional diseases, 209-223
rashes, 71-148

Dermatomyositis, 90-91
Dermatophytoses, 168-170

distal and lateral subungual onychomycosis (DLSO), 
170

kerions, 169
Majocchi’s granuloma, 169

onychomycosis, 169-170
tinea

barbae, 168
capitis, 169-170
corporis, 168
cruris, 168-169
faciei, 168
manuum, 169
pedis, 168-169
unguium, 169-170

Dermatoses
acute febrile neutrophilic, 76
linear immunoglobulin A (IgA), 156

Dermatosparaxis-type Ehlers-Danlos syndrome, 235
Desmosome, 150-151
Dew drops on a rose petal, 191
DFSP. See Dermatofibrosarcoma protuberans 

(DFSP).
DIC. See Disseminated intravascular coagulation 

(DIC).
Disseminated intravascular coagulation (DIC), 92, 

180-181
Disseminated superficial actinic porokeratoses (DSAP), 

46
Distal and lateral subungual onychomycosis (DLSO), 

170
DLSO. See Distal and lateral subungual onychomycosis 

(DLSO).
Down syndrome, 93, 234
Drug eruptions, fixed, 102
Dry beriberi, 210-211
DSAP. See Disseminated superficial actinic porokeratoses 

(DSAP).
Dyscrasias, blood, 126

E
EAC. See Erythema.
Eccrine

spiradenomas, 18
syringomas, 19

Eczematous pigmented purpura, 128
Effluvium

anagen, 206
telogen, 206

Ehlers-Danlos syndrome, 93, 235
Elastosis perforans serpiginosa, 93
Elephantiasis, localized, 237
Embryology, 2. See also Anatomy, physiology, and 

embryology.
En coup de sabre, 119
Encapsulated neuromas, palisaded, 44
Encephalitis, 84, 173
Ephelides, 20-21
Epidermal

inclusion cysts, 22. See also Cysts.
necrolysis, toxic, 98-99
nevi, 23. See also Nevi.

Epidermolysis bullosa acquisita, 155
Eruptive xanthomas, 94-95
Erythema

ab igne, 96
annulare centrifugum (EAC), 97
erythematotelangiectatic rosacea, 139
multiforme, 98-99
nodosum, 100

Erythematotelangiectatic rosacea, 139
Erythroderma, pityriasis rubra pilaris (PRP) and, 

130
Erythromelanosis follicularis faciei et colli, 110
Erythroplasia of Queyrat, 69-70
Extramammary Paget’s disease, 60

F
Fabry disease, 101
Familial conditions

cold autoinflammatory syndrome (FCAS), 81-82
Mediterranean fever (FMF), 81-82

FCAS. See Familial conditions.
Febrile neutrophilic dermatoses, 76. See also 

Dermatoses.
Felons, 201
Fibrofolliculoma, 24
Fibroma

basal cell nevus syndrome (BCNS) and, 229
dermatofibroma, 16

Fibrous papule, 25
Fingernails. See Nail and hair diseases.
Fixed drug eruptions, 102
Flea bites, 84
Flora, normal, 6
FMF. See Familial conditions.
Foliaceus, pemphigus, 158. See also Pemphigus.
Follicle apparatus, normal, 204
Follicular-based papules, hyperkeratotic, 220
Folliculitis, 186
Folliculitis ulerythematosa reticulata, 110
Folliculoma, 24
Freckles, 20-21
Fungoides, mycosis, 66-67

G
Galactosemia, 213
Ganglion cysts, 26. See also Cysts.
Genital warts, 176-177. See also Warts.
Genodermatoses and syndromes, 225-239

Addison’s disease, 227
amyloidosis, 228
Carney complex, 230
chronic primary adrenocortical insufficiency, 227
Cushing’s disease, 231-233
neurofibromatosis, 237-238
primary pigmented nodular adrenocortical disease 

(PPNAD), 229
syndromes

autoinflammatory, 81-82
basal cell nevus syndrome (BCNS), 229
Bourneville’s, 239
carcinoid, 214-215
chronic infantile neurological cutaneous and 

articular (CINCA), 81-82
Cushing’s, 229, 231-233
Down, 234
Ehlers-Danlos, 93, 235
Gorlin, 229
hyperimmunoglobulin D (hyper-D) syndrome 

(HIDS), 81-82
lentigines-atrial myxomas-mucocutaneous myxomas-

blue nevi (LAMB), 230
Marfan, 236
Muckle-Wells, 81-82
Netherton, 203
nevi-atrial myxomas-myxoid neurofibromas-

ephelides (NAME), 230
Parry-Romberg, 119
purple toe, 221-222
Reiter’s, 138
roasted skin, 96
Rothmund-Thompson, 93
Stevens-Johnson syndrome (SJS), 98-99
Sweet’s, 76, 144-145
toasted skin, 96
toxic shock syndrome (TSS), 186-187
tumor necrosis factor (TNF) receptor-associated 

periodic syndrome (TRAPS), 81-82
Waterhouse-Friderichsen, 180-181
Wernicke’s, 210-211
yellow nail, 202

tuberous sclerosis, 239
Glomangioma, 27
Glomus tumor, 27
Glove-and-stocking lesions, 214-215
Gorlin syndrome, 229
Gout, 103-104
Graft-versus-host disease (GVHD), 105

acute, 105
chronic, 105
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sclerodermatous, 105
severe acute, 105

Granulomas
annulare, 106
Majocchi’s, 169
xanthogranulomas, necrobiotic, 122

Graves’ disease, 107
Growths

benign, 13-50
acrochordon, 14
cysts, epidermal inclusion, 22
cysts, ganglion, 26
cysts, median raphe, 34
cysts, pilar, 45
cysts, trichilemmal, 45
dermatofibroma, 16
ephelide, 20-21
fibrofolliculoma, 24
glomangioma, 27
glomus tumor, 27
granuloma, pyogenic, 47
hamartoma, smooth muscle, 15
hemangioma, sclerosing, 16
hidradenoma papilliferum, 28
hidrocystoma, 29
keratoses, lichenoid, 32
keratoses, seborrheic, 49
leiomyoma, 31
lentigines, 20-21
lipoma, 33
milia, 38
neurofibroma, 39
neuroma, palisaded encapsulated (PENs), 44
nevi, Becker’s, 15
nevi, epidermal, 23
nevi, lipomatous superficialis, 40
nevi, melanocytic, 35-37
nevi, Ota vs. Ito, 41
nevi, sebaceus, 42
nevi, Spitz, 50
osteoma cutis, 43
papule, fibrous, 25
porokeratoses, 46
poroma, eccrine, 17
reticulohistiocytoma, 48
scars, hypertrophic vs. keloid, 30
spiradenoma, eccrine, 18
syringoma, eccrine, 19

malignant, 51-70
Bowen’s disease, 56
carcinoma, adnexal, 52
carcinoma, basal cell, 54-55
carcinoma, Merkel cell, 65
carcinoma, sebaceous, 68
carcinoma, squamous cell (SCC), 56-57, 69-70
dermatofibrosarcoma protuberans, 59
erythroplasia of Queyrat, 69-70
keratoacanthoma, 62
melanoma, 63-64
metastases, cutaneous, 58
mycosis fungoides, 66-67
Paget’s disease, mammary vs. extramammary, 60
papulosis, bowenoid, 57
sarcomas, angiosarcomas, 53
sarcomas, Kaposi’s, 61

GVHD. See Graft-versus-host disease (GVHD).

H
HAIR-AN. See Hyperandrogenism-insulin resistance-

acanthosis nigricans (HAIR-AN).
Hair and nail diseases, 197-207

hair
alopecia, androgenic, 199
alopecia areata, 198
effluvium, anagen, 206
effluvium, telogen, 206
follicle apparatus, normal, 204
male pattern baldness, 199

shaft abnormalities, 203
telogen effluvium, 206
trichotillomania, 207

nails
Beau’s lines, 202
common disorders of, 200-202
felon, 201
hematoma, subungual, 200
Mees’ lines, 200
melanomas, nail matrix, 200
nail unit, normal, 205
onychocryptosis, 200-201
paronychia, acute, 200-201
psoriasis and, 202
psoriatic arthritis and, 200

Half-and-half nails, 202
Hamartoma, smooth muscle, 15
Hamilton-Norwood scale, 199
Hans-Schuller-Christian disease, 111-112
Hansen’s disease, 175
Healing, wound, 9
Hemangioma, sclerosing, 16
Hematoma, subungual, 200
Hemidesmosome, 150-151
Hemochromatosis, 212
Hepatolenticular degeneration, 223
Herpes simplex virus (HSV), 171-173
Herpes zoster, 191-193
Hidradenitis

idiopathic recurrent plantar, 123
suppurativa, 108

Hidradenitis, plantar, 123
Hidradenoma papilliferum, 28
Hidrocystoma, 29
HIDS. See Hyperimmunoglobulin D (hyper-D) 

syndrome (HIDS).
Histiocytoma, 48
Histiocytosis, Langerhans cell (LCH), 111-112
Histology, normal, 4
Histoplasmosis, 174
HIV. See Human immunodeficiency virus (HIV).
HPV. See Human papillomavirus (HPV).
HSV. See Herpes simplex virus (HSV).
Human immunodeficiency virus (HIV)

chancroid and, 164
molluscum contagiosum and, 182
seborrheic dermatitis and, 143
syphilis and, 188-190

Human papillomavirus (HPV), 176-177. See also 
Sexually-transmitted diseases (STDs).

Hutchinson’s sign, 192
Hyperandrogenism-insulin resistance-acanthosis nigricans 

(HAIR-AN), 72
Hyperimmunoglobulin D (hyper-D) syndrome (HIDS), 

81-82
Hyperkeratotic follicular-based papules, 220
Hypermobility-type Ehlers-Danlos syndrome, 235
Hyperplasia, verrucous, 237
Hypertrophic scars, 30
Hypothyroidism, myxedema and, 120

I
IBD. See Inflammatory bowel disease (IBD), skin 

manifestations of.
Idiopathic recurrent plantar hidradenitis, 123
IgA. See Immunoglobulin A (IgA) dermatosis, linear.
Illustrations (integumentary system)

anatomy, physiology, and embryology, 1-11
autoimmune blistering diseases, 149-159
genodermatoses and syndromes, 225-239
growths

benign, 13-50
malignant, 51-70

hair and nail diseases, 197-207
infectious diseases, 162-195
metabolic and nutritional diseases, 209-223
rashes, 71-148

Immunoglobulin A (IgA) dermatosis, linear, 156

Inclusion cyst, epidermal, 22. See also Cysts.
Infantile dermatitis herpetiformis, 154
Infectious diseases, 162-195

cryptococcosis, 166
cutaneous larva migrans, 167
dermatophytoses, 168-170

distal and lateral subungual onychomycosis (DLSO), 
170

kerion, 169
Majocchi’s granuloma, 169
onychomycosis, 169-170
tinea barbae, 168
tinea capitis, 169-170
tinea corporis, 168
tinea cruris, 168-169
tinea faciei, 168
tinea manuum, 169
tinea pedis, 168-169
tinea unguium, 169-170

herpes zoster, 191-193
histoplasmosis, 174
leprosy, 175
lice, 176-177
Lyme disease, 178
meningococcemia, 180-181
molluscum contagiosum, 182
mycoses

actinomycosis, 162
blastomycosis, 163
coccidioidomycosis, 165
distal and lateral subungual onychomycosis (DLSO), 

170
onychomycosis, 169-170
paracoccidioidomycoses, 183

scabies, 184
sexually-transmitted diseases (STDs)

chancroid, 164
herpes simplex virus (HSV), 171-173
human papillomavirus (HPV), 176-177
lymphogranuloma venereum (LGV), 179
syphilis, 188-190
syphilis, secondary, 129

sporotrichosis, 185
Staphylococcus aureus infections, 186-187
varicella, 191
verrucae, 194-195

Inflammatory bowel disease (IBD), skin manifestations 
of, 144-145

Inflammatory syndromes, 81-82
Ingrown nails, 200
Insect bites, 83-84
Insufficiencies

adrenal, 180-181
adrenocortical, primary, 227
vascular, lower extremity, 116

Integumentary system illustrations
anatomy, physiology, and embryology, 1-11
autoimmune blistering diseases, 149-159
genodermatoses and syndromes, 225-239
growths

benign, 13-50
malignant, 51-70

hair and nail diseases, 197-207
infectious diseases, 162-195
metabolic and nutritional diseases, 209-223
rashes, 71-148

Invaginata, trichorrhexis, 203
Inverse psoriasis, 135
Iritis, 144-145
Iron overload, 212
Irritant contact dermatitis, 109. See also 

Dermatitis.
Islands of sparing, 130
Isthmus-catagen cysts, 45. See also Cysts.
Ito nevi, 41. See also Nevi.

J
Jock itch, 168-169
Juvenile benign melanoma, 50
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K
K vitamin deficiencies, 221-222. See also 

Vitamins.
Kaposi’s sarcoma, 61. See also Sarcomas.
Keloid scars, 30
Keratoacanthomas, 62
Keratoderma, 138
Keratoses

follicularis spinulosa decalvans, 110
lichenoid, 32
pilaris

atrophicans faciei, 110
rubra, 110

porokeratoses, 46
seborrheic, 49

Kerions, 169
Keratinization processes, 5
Kyphoscoliosis

Ehlers-Danlos syndrome and, 235
neurofibromatosis and, 237-238

L
LAMB syndrome. See Lentigines-atrial myxomas-

mucocutaneous myxomas-blue nevi (LAMB) 
syndrome.

Langerhans cell histiocytosis (LCH), 111-112
Larva migrans, cutaneous, 167
LCH. See Langerhans cell histiocytosis (LCH).
Leiomyomas, 31
Leishmaniasis, 84
Lentigines-atrial myxomas-mucocutaneous myxomas-blue 

nevi (LAMB) syndrome, 230
Lentigines, 20-21
Leprosy, 175
Leukemias

blood dyscrasias and, 126
mast cell, 117

Leukocytoclastic vasculitis, 113
LGV. See Lymphogranuloma venereum (LGV).
Lice, 176-177
Lice bites, 84
Lichen

amyloidosis, 228
aureus, 128
planus, 114
simplex chronicus, 115

Lichenoid keratoses, 32. See also Keratoses.
Lindsay’s nails, 202
Linear immunoglobulin A (IgA) dermatosis, 156
Lines

Beau’s, 202
Mees’, 200

Lipomas, 33
Lipomatous superficialis nevi, 40. See also Nevi.
Localized

elephantiasis, 237
morphea, 119

Lone star tick bites, 84
Louse infections, 176-177
Lower extremity vascular insufficiency, 116
Lumpy jaw, 162
Lupus

cutaneous, 86-88
systemic lupus erythematosus (SLE), 86-88

Lyme disease, 84, 178
Lymphogranuloma venereum (LGV), 179. See also 

Sexually-transmitted diseases (STDs).

M
Maculae cerulea, 176-177
Macular amyloidosis, 228
Majocchi’s disease, 128
Majocchi’s granuloma, 169
Malaria, 84
Male pattern baldness, 199
Malignant growths, 51-70

vs. benign, 13-50. See also Benign growths.
Bowen’s disease, 56

carcinomas
adnexal, 52
basal cell, 54-55
Merkel cell, 65
sebaceous, 68
squamous cell (SCCs), 56-57, 69-70

dermatofibrosarcoma protuberans, 59
erythroplasia of Queyrat, 69-70
keratoacanthomas, 62
melanomas, 63-64
metastases, cutaneous, 58
mycosis fungoides, 66-67
Paget’s disease, mammary vs. extramammary, 

60
papulosis, bowenoid, 57
sarcomas

angiosarcoma, 53
Kaposi’s, 61

Mammary Paget’s disease, 60
Marfan syndrome, 93, 236
Mast cell

disease, 117-118
leukemia vs. sarcoma, 117

Mastocytomas, noncutaneous, 117
Median raphe cyst, 34, 34f. See also Cysts.
Medical illustrations (integumentary system)

anatomy, physiology, and embryology, 1-11
autoimmune blistering diseases, 149-159
genodermatoses and syndromes, 225-239
growths

benign, 13-50
malignant, 51-70

hair and nail diseases, 197-207
infectious diseases, 162-195
metabolic and nutritional diseases, 209-223
rashes, 71-148

Mediterranean fever, familial (FMF), 81-82
Medulloblastoma, 229
Mees’ lines, 200
Melanocytic nevi, 35-37. See also Nevi.
Melanoma, 63-64

juvenile benign, 50
nail matrix, 200
paraneoplastic pemphigus and, 157

Meningitis, bacterial, 181
Meningococcemia, 180-181
Merkel cell carcinoma, 65. See also Carcinoma.
Metabolic and nutritional diseases, 209-223

beriberi, 210-211
deficiencies

vitamin A, 220
vitamin B1, 210-211
vitamin B3, 214-215
vitamin C, 218-219
vitamin K, 221-222

galactosemia, 213
hemochromatosis, 212
hepatolenticular degeneration, 223
Niemann-Pick disease, 213
pellagra, 214-215
phenylketonuria, 216-217
phrynoderma, 220
scurvy, 218-219
von Gierke disease, 213
Wernicke’s syndrome, 210-211
Wilson’s disease, 223

Metastases, cutaneous, 58
Methicillin-resistant Staphylococcus aureus (MRSA) 

infections, 186-187
Milia, 38
Molluscum contagiosum, 182
Monilethrix, 203
Mononeuritis, 131
Morphea, 119
Morphology, 10-11
Mosquito bites, 84
MRSA. See Methicillin-resistant Staphylococcus aureus 

(MRSA) infections.
Muckle-Wells syndrome, 81-82

Mucus membrane pemphigoid, 153. See also 
Pemphigoid.

Mycoses
actinomycosis, 162
blastomycosis, 163
coccidioidomycosis, 165
distal and lateral subungual onychomycosis (DLSO), 

170
onychomycosis, 169-170
paracoccidioidomycoses, 183

Mycosis fungoides, 66-67
Myrmecia, 194-195
Myxedema, 120
Myxedema, pretibial, 107

N
Nail and hair diseases, 197-207

hair
alopecia, androgenic, 199
alopecia areata, 198
anagen effluvium, 206
follicle apparatus, normal, 204
male pattern baldness, 199
shaft abnormalities, 203
telogen effluvium, 206
trichotillomania, 207

nails
Beau’s lines, 202
common disorders of, 200-202
felons, 201
hematomas, subungual, 200
Mees’ lines, 200
melanomas, nail matrix, 200
nail unit, normal, 205
onychocryptosis, 200-201
paronychia, acute, 200-201
psoriasis and, 202
psoriatic arthritis and, 200

Nail matrix melanomas, 200. See also Melanomas.
Nail unit, normal, 205
NAME syndrome, 230. See also Nevi.
Necklace, Casal’s, 214-215
Necrobiosis lipoidica, 121
Necrolysis, toxic epidermal, 98-99
Necrobiotic xanthogranulomas, 122
Neonatal-onset multisystem inflammatory disease 

(NOMID), 81-82
Netherton syndrome, 203
Neurofibromatosis, 237-238
Neuromas, palisaded encapsulated (PENs), 44
Neutrophilic dermatoses

acute febrile, 76
pyoderma gangrenosum, 144-145

Nevi
Becker’s, 15
epidermal, 23
lentigines-atrial myxomas-mucocutaneous myxomas-

blue nevi (LAMB) syndrome, 230
lipomatous superficialis, 40
melanocytic, 35-37
nevi-atrial myxomas-myxoid neurofibromas-ephelides 

(NAME) syndrome, 230
sebaceus, 42

Niacin deficiencies, 214-215
Nicotinic acid deficiencies, 214-215
Niemann-Pick disease, 213
Night blindness, 220
Nodular conditions

adrenocortical disease, primary pigmented, 229
amyloidosis, 228

NOMID. See Neonatal-onset multisystem inflammatory 
disease (NOMID).

Noncutaneous mastocytomas, 117
Nonscarring alopecia, 198
Normal parameters

for flora, 6
for follicle apparatus, 204
for histology, 4
for nail unit, 205

Malignant growths (continued)
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Nutritional and metabolic diseases, 209-223
beriberi, 210-211
deficiencies

vitamin A, 220
vitamin B1, 210-211
vitamin B3, 214-215
vitamin C, 218-219
vitamin K, 221-222

galactosemia, 213
hemochromatosis, 212
hepatolenticular degeneration, 223
Niemann-Pick disease, 213
pellagra, 214-215
phenylketonuria, 216-217
phrynoderma, 220
scurvy, 218-219
von Gierke disease, 213
Wernicke’s syndrome, 210-211
Wilson’s disease, 223

O
Ocular cicatricial pemphigoid, 153. See also 

Pemphigoid.
Onchocerciasis, 84
Onychocryptosis, 200-201
Onychomycosis, 169-170. See also Mycoses.
Oral candidiasis, 144-145
Osteogenesis imperfecta, 93
Osteoma cutis, 43
Ota nevi, 41. See also Nevi.
Overload, iron, 212

P
Paget’s disease, 60
Palisaded encapsulated neuromas (PENs), 44
Palmar warts, 176-177
Palmoplantar eccrine hidradenitis, 123
Papillomavirus, human (HPV), 176-177
Papules

fibrous, 25
hyperkeratotic follicular-based, 220

Papulosis, bowenoid, 57
Paracoccidioidomycoses, 183
Paraneoplastic pemphigus, 157. See also Pemphigus.
Paronychia

acute, 200-201
chronic, 200-201

Parry-Romberg syndrome, 119
Pattern baldness, male, 199
Pediculosis pubis, 176-177
Pellagra, 214-215
Pemphigoid. See also Autoimmune blistering diseases.

benign mucous membrane, 153
Brunsting-Perry, 153
bullous, 152
mucus membrane, 153
ocular cicatricial, 153

Pemphigus
foliaceus, 158
paraneoplastic, 157
vulgaris, 159

PENs. See Palisaded encapsulated neuromas (PENs).
PEP. See Polymorphous eruption of pregnancy (PEP).
Periungual warts, 176-177. See also Warts.
Pernicious anemia, 126
Phenylketonuria, 216-217
Photobiology, 8
Photoirritant dermatitis, 127. See also Dermatitis.
Phototoxic dermatitis, 127. See also Dermatitis.
Phrynoderma, 220
Physiology, 5. See also Anatomy, physiology, and 

embryology.
Phytophotodermatitis, 127. See also Dermatitis.
Pigmented nodular adrenocortical disease,  

primary, 229
Pigmented purpura of Gougerot and Blum, 128
Pigmentosa, urticaria, 117
Pilar cyst, 45. See also Cysts.

Pili
torti, 203
trianguli et canaliculi, 203

Pityriasis
rosea, 129
rubra pilaris (PRP), 130

Plague, 84
Plantar

hidradenitis, 123
warts, 194-195. See also Warts.

Planus, lichen, 114. See also Lichen.
Plexiform neurofibromas, 237
Plucked chicken skin, 133
Polyarteritis nodosa, 131
Polycythemia vera, 126
Polymorphous eruption of pregnancy (PEP), 132
Porokeratoses, 46. See also Keratoses.
PPNAD. See Primary conditions.
Pregnancy

polymorphous eruption of pregnancy (PEP), 132
pruritic urticarial papules and plaques of pregnancy 

(PUPPP), 132
Pregnancy, syphilis in, 190
Pretibial myxedema, 107
Primary conditions

adrenocortical insufficiency, 227
pigmented nodular adrenocortical disease (PPNAD), 

229
Progressive systemic sclerosis, 119, 142
PRP. See Pityriasis.
Pruritic urticarial papules and plaques of pregnancy 

(PUPPP), 132
Pseudo-monilethrix, 203
Pseudoxanthoma elasticum, 93, 133
Psoriasis, 134-136

inverse, 135
nails and, 202

Psoriatic arthritis, 200. See also Arthritis.
PUPPP. See Pruritic urticarial papules and plaques of 

pregnancy (PUPPP).
Purple toe syndrome, 221-222
Purpura

annular telangiectatic pigmented, 128
eczematous pigmented, 128

Pyoderma gangrenosum, 144-145

Q
Queyrat, erythroplasia of, 69-70

R
Radiation dermatitis, 137. See also Dermatitis.
Ram’s horn nail deformities, 202
Raphe cysts, median, 34. See also Cysts.
Rashes, 71-148

acanthosis nigricans, 72
acne, 73-74

inversa, 108
keloidalis nuchae, 75

alkaptonuria, 124-125
Anderson-Fabry disease, 101
arteriolopathy, calcific uremic, 85
arthritis, reactive, 138
arthropathies, crystal-induced, 103-104
autoinflammatory syndromes, 81-82
bites, bug, 83-84
blood dyscrasias, oral manifestations of, 126
calciphylaxis, 85
chronic infantile neurological cutaneous and articular 

syndrome (CINCA), 81-82
cryopyrinopathies, 81-82
cutaneous lupus, 86-88
cutis laxa, 89
dermatitis. See also Dermatitis.

atopic, 79-80
contact, allergic, 77-78
contact, irritant, 109
photoirritant, 127
phototoxic, 127

phytophotodermatitis, 127
radiation, 137
seborrheic, 143
stasis, 146

dermatomyositis, 90-91
dermatoses, acute febrile neutrophilic, 76
disseminated intravascular coagulation (DIC), 92
drug eruptions, fixed, 102
elastosis perforans serpiginosa, 93
erythema

ab igne, 96
annulare centrifugum (EAC), 97
erythematotelangiectatic rosacea, 139
multiforme, 98-99
nodosum, 100

Fabry disease, 101
familial conditions

cold autoinflammatory syndrome (FCAS), 81-82
Mediterranean fever (FMF), 81-82

gout, 103-104
graft-versus-host disease (GVHD), 105
granuloma annulare, 106
Graves’ disease, 107
Hans-Schuller-Christian disease, 111-112
hidradenitis

idiopathic recurrent plantar, 123
suppurativa, 108

hyperandrogenism-insulin resistance-acanthosis 
nigricans (HAIR-AN), 72

hyperimmunoglobulin D (hyper-D) syndrome (HIDS), 
81-82

inflammatory bowel disease (IBD), skin manifestations 
of, 144-145

inverse psoriasis, 135
keratosis pilaris, 110
Langerhans cell histiocytosis (LCH), 111-112
lichen

aureus, 128
planus, 114
simplex chronicus, 115

mast cell disease, 117-118. See also Mast cell.
morphea, 119
Muckle-Wells syndrome, 81-82
myxedema, 120
myxedema, pretibial, 107
necrobiosis lipoidica, 121
necrolysis, toxic epidermal, 98-99
neonatal-onset multisystem inflammatory disease 

(NOMID), 81-82
neutrophilic eccrine hidradenitis, 123
ochronosis, 124-125
palmoplantar eccrine hidradenitis, 123
pityriasis rosea, 129
pityriasis rubra pilaris (PRP), 130
polyarteritis nodosa, 131
polymorphous eruption of pregnancy (PEP), 132
progressive systemic sclerosis, 142
pruritic urticarial papules and plaques of pregnancy 

(PUPPP), 132
pseudoxanthoma elasticum, 133
psoriasis, 134-136
purpura, pigmented, 128
Reiter’s syndrome, 138
rhinophyma, 139
rosacea, 139
sarcoid and sarcoidosis, 140-141
Schamberg’s disease, 128
scleroderma, 142
Stevens-Johnson syndrome (SJS), 98-99
Sweet’s syndrome, 76
systemic lupus erythematosus (SLE), 86-88
tumor necrosis factor (TNF) receptor-associated 

periodic syndrome (TRAPS), 81-82
urticaria, 147
vascular insufficiency, lower extremity, 116
vasculitis, leukocytoclastic, 113
vitiligo, 148
xanthogranuloma, necrobiotic, 122
xanthomas, eruptive, 94-95

Rashes (continued)
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Reactive arthritis, 138. See also Arthritis.
Recurrent plantar hidradenitis, 123
Reduviid bug bites, 84
Reiter’s syndrome, 138
Renal failure, chronic, 93
Reticulohistiocytomas, 48
Rhinophyma, 139
Ring warts, 176-177
Ringworm, 168
Roasted skin syndrome, 96
Rocky Mountain spotted fever, 84
Rosacea, 139
Rothmund-Thompson syndrome, 93

S
Sandfly bites, 84
Sarcoid and sarcoidosis, 140-141
Sarcomas

angiosarcoma, 53
Kaposi’s, 61
mast cell, 117

Scabies, 184
Scars, hypertrophic vs. keloid, 30
SCCs. See Squamous cell carcinomas (SCCs).
Schamberg’s disease, 128
Sclerodactyly, 142
Scleroderma, 93, 119, 142
Sclerodermatous graft-versus-host disease (GVHD), 105
Sclerosing hemangiomas, 16
Sclerosis

progressive systemic, 142
tuberous, 239

Scoliosis
basal cell nevus syndrome (BCNS) and, 229
neurofibromatosis and, 237-238

Scurvy, 218-219
Sebaceous carcinomas, 68. See also Carcinoma.
Sebaceum, adenoma, 239
Sebaceus, nevi, 42. See also Nevi.
Seborrheic

dermatitis, 143. See also Dermatitis.
keratoses, 49. See also Keratoses.

Secondary syphilis, pityriasis rosea and, 129
Serpiginous urticaria, 147. See also Urticaria.
Severe conditions

acute graft-versus-host disease (GVHD), 105
scoliosis, neurofibromatosis and, 237-238

Sexually-transmitted diseases (STDs)
chancroid, 164
herpes simplex virus (HSV), 171-173
human papillomavirus (HPV), 176-177
lymphogranuloma venereum (LGV), 179
syphilis, 188-190
syphilis, secondary, 129

Shaft abnormalities, hair, 203
Shingles, 191-193
Simplex chronicus, lichen, 115. See also Lichen.
SJS. See Stevens-Johnson syndrome (SJS).
Skin illustrations

anatomy, physiology, and embryology, 1-11
autoimmune blistering diseases, 149-159
genodermatoses and syndromes, 225-239
growths

benign, 13-50
malignant, 51-70

hair and nail diseases, 197-207
infectious diseases, 162-195
metabolic and nutritional diseases, 209-223
rashes, 71-148

Skin tags, 14
SLE. See Systemic conditions.
Smooth muscle hamartomas, 15
Solar urticaria, 147. See also Urticaria.
Spiradenomas, eccrine, 18

See also Eccrine.
Sporotrichosis, 185
Spots

Bitot’s, 220
Brushfield, 234

Sprengel deformity, 229
Sprue, dermatitis herpetiformis and, 154
Spun glass hair, 203
Squamous cell carcinomas (SCCs), 56-57, 69-70, 157. See 

also Carcinoma.
Staphylococcus aureus infections, 186-187
Stasis dermatitis, 146. See also Dermatitis.
STDs. See Sexually-transmitted diseases (STDs).
Stevens-Johnson syndrome (SJS), 98-99
Subungual

hematomas, 200
onychomycosis, 170
warts, 176-177

Suppurativa, hidradenitis, 108
Sweet’s syndrome, 76, 144-145
Syndactyly, 229
Syndromes and genodermatoses, 225-239

Addison’s disease, 227
amyloidosis, 228
Carney complex, 230
chronic primary adrenocortical insufficiency, 

227
Cushing’s disease, 231-233
neurofibromatosis, 237-238
primary pigmented nodular adrenocortical disease 

(PPNAD), 229
sclerosis, tuberous, 186-187, 239
syndromes

autoinflammatory, 81-82
basal cell nevus (BCNS), 229
Bourneville’s, 239
carcinoid, 214-215
chronic infantile neurological cutaneous and 

articular (CINCA), 81-82
Cushing’s, 229, 231-233
Down, 234
Ehlers-Danlos, 93, 235
Gorlin, 229
hyperimmunoglobulin D (HIDS), 81-82
lentigines-atrial myxomas-mucocutaneous myxomas-

blue nevi (LAMB), 230
Marfan, 236
Muckle-Wells syndrome, 81-82
Netherton, 203
nevi-atrial myxomas-myxoid neurofibromas, 

ephelides (NAME), 230
Parry-Romberg, 119
purple toe, 221-222
Reiter’s, 138
roasted skin, 96
Rothmund-Thompson, 93
Stevens-Johnson (SJS), 98-99
Sweet’s, 76, 144-145
toasted skin, 96
toxic shock (TSS), 186-187
tumor necrosis factor (TNF) receptor-associated 

periodic (TRAPS), 81-82
Waterhouse-Friderichsen, 180-181
Wernicke’s syndrome, 210-211
yellow nail, 202

Syphilis, 188-190
congenital, 190
secondary, pityriasis rosea and, 129

Syringomas, eccrine, 19. See also Eccrine.
Systemic conditions

amyloidosis, 228
lupus erythematosus (SLE), 86-88
neoplastic processes, 157
sclerosis, progressive, 119

T
Tags, skin, 14
Telogen effluvium, 206
Terry’s nails, 202
Thiamine deficiency, 210-211
Thrombotic thrombocytopenic purpura (TTP), 

126
Thymoma, 157
Tick bites, 84

Tinea. See also Dermatophytoses.
barbae, 168
capitis, 169-170
corporis, 168
cruris, 168-169
faciei, 168
manuum, 169
pedis, 168-169
unguium, 169-170

TNF. See Tumor necrosis factor (TNF) 
receptor-associated periodic syndrome  
(TRAPS).

Toasted skin syndrome, 96
Toenails. See Nail and hair diseases.
Totalis, alopecia, 198. See also Alopecia.
Toxic epidermal necrolysis, 98-99
Toxic shock syndrome (TSS), 186-187
TRAPS. See Tumor necrosis factor (TNF) 

receptor-associated periodic syndrome  
(TRAPS).

Trichilemmal cysts, 45. See also Cysts.
Trichorrhexis

invaginata, 203
nodosa, 203

Trichotill, 207
Trichotillomania, 207
Trypanosomiasis, African, 84
Tryptophan deficiencies, 214-215
Tsetse fly bites, 84
TSS. See Toxic shock syndrome (TSS).
Tuberous sclerosis, 239
Tularemia, 84
Tumor necrosis factor (TNF) receptor-associated 

periodic syndrome (TRAPS), 81-82
Tumors, glomus, 27
Twisted hair, 203
Typhus, 84

U
Ulcerative colitis, skin manifestations of, 

144-145
Ulcers, aphthous, 144-145
Ulerythema ophryogenes, 110
Uremic arteriolopathy, calcific, 85
Urethritis, 138
Urticaria, 147

annular, 147
cholinergic, 147
pigmentosa, 117
serpiginous, 147
solar, 147

V
Valley fever, 165
Varicella, 191
Varicella-zoster virus (VZV), 191-192
Vascular insufficiency, lower extremities, 116
Vascular-type Ehlers-Danlos syndrome, 235
Vasculitis

leukocytoclastic, 113
polyarteritis nodosa and, 131

Verrucae, 194-195
Verrucous hyperplasia, 237
Vitamins

conversions of, beta (β)-carotene-to-vitamin A, 
220

deficiencies of
A, 220
B1, 210-211
B3, 214-215
C, 218-219
K, 221-222

metabolism of, vitamin D, 7
Vitiligo, 148
von Gierke disease, 213
von Recklinghausen disease, 237-238
Vulgaris, pemphigus, 159. See also Pemphigus.
VZV. See Varicella-zoster virus (VZV).
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W
Warfarin-induced skin necrosis, 221-222
Warts, 194-195

genital, 176-177
periungual, 176-177
plantar, 194-195

Waterhouse-Friderichsen syndrome, 180-181
Wernicke’s syndrome, 210-211
West Nile virus, 84
Wet beriberi, 210-211
Wilson’s disease, 223

Wood tick bites, 84
Wound healing processes, 9

X
Xanthogranulomas, necrobiotic, 122
Xanthomas

eruptive, 94-95
pseudoxanthoma elasticum, 133

Xerophthalmia, 220

Y
Yellow fever, 84
Yellow nail syndrome, 202

Z
Zone, basement membrane (BMZ), 150-151
Zoster, herpes, 191-193
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