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PREFACE

The opportunity to continue to promote the extraor-
dinary educational value of the exquisite art of Dr. 

Frank Netter in a state-of- the-art update of this classic 
series has been an honor for me and my esteemed asso-
ciate editors. Netter’s images have brought insightful 
value to students for over 6 decades and have now been 
updated and enhanced to benefit future generations of 
students. This updated edition of Digestive System has 
been rewritten and renewed to include cutting-edge 
science and state-of-the-art endoscopic, pathologic, and 
radiographic images, along with Netter’s ageless draw-
ings and images that provide insights that foster stu-
dents’ and practitioners’ understanding of the anatomy, 
physiology, and pathophysiology of all eight regions 
that make up the fascinating and complex digestive 
system.

Frank Netter, MD, described by the Saturday Evening 
Post as the “Michelangelo of Medicine,” continues to be 
an icon in medical education. The insightful imagery 
of his medical illustrations provides value for students 
at all levels of experience who seek insights into the 
structure and function of digestion in ways that few 
other texts have in the history of medical education. His 
vision for these texts—integrating factual information 
with visual aids—provides unparalleled insights. While 
born at the onset of the twentieth century, his back-
ground mimics many modern medical students— 
beginning his education in the arts before becoming a 
scientist. By following his mother’s wishes to move 
beyond art and into medicine, Frank Netter used his 
passion and brush to communicate the science and the 
art of medicine in unparalleled ways. In distinction to 
anatomy texts that offer images of structure only,  
Netter’s paintings also brought incredible insights into 
the pathophysiology of disease. Just as important, in 
ways unsurpassed by any other text, he and his dedi-
cated disciples have illustrated how patients are affected 
by the suffering caused by disease. In all three of these 
revised parts of Digestive System, new artists, committed 
to the style and value of Dr. Netter’s illustrations and 
led by Carlos Machado, MD, have modernized both the 
science and the art of his illustrations in all aspects of 
the digestive system.

This update of the digestive system’s anatomy and 
disease has taken a new approach to communicate the 

complexity and integrated beauty of this fascinating 
organ system. The classic images Dr. Netter drew were 
preserved whenever possible and altered only as neces-
sary. Dozens of modern radiographic and endoscopic 
images have been added to all sections in all volumes. 
The first section in both Parts I and II summarizes 
shared aspects of the digestive system. Each subsequent 
section is dedicated to a specific organ and reviews 
normal anatomy and physiology, pathology, pathophys-
iology, and disease presentation and treatment.

Each section has been written by authors who were 
chosen for their dedication to teaching the fascinating 
aspects of the digestive system. I had the honor of 
choosing incredibly distinguished associate editors with 
whom I have had the pleasure of working throughout 
my career. In each case they have published expertise 
in their respective organ system and have demonstrated 
their commitment to and skill in medical education. 
Their knowledge and insights bring updated scientific 
understanding of disease mechanisms and current treat-
ments that will convey understanding of the largest and 
most complex organ system that is unparalleled by 
other texts. In each section, Dr. Peter Ward updated 
each of the subsections on normal anatomy and physiol-
ogy. He has worked hard to preserve the original pic-
tures of Dr. Netter while ensuring the accuracy of the 
text based on current terminology and science.

In Part I of this three-part set I sought to provide 
insights and an overview of the upper digestive tract. 
Michele Young, MD, associate chief of gastroenterology 
at the University of Arizona’s Veterans Administrative 
Hospital in Phoenix, has written the first organ-focused 
chapter on the complex anatomy, physiology, and patho-
physiology of pharyngeal and upper esophageal func-
tions. New insights into imaging and physiologic 
understanding of the complexities of swallowing are 
provided. David A. Katzka, MD, distinguished profes-
sor of medicine at the Mayo Clinic, revised the section 
on the esophagus, and is clearly one of the world’s 
authorities on the topic. New insights into diseases that 
are common today but were not known at the time of 
the first edition, including Barrett’s esophagus and 
eosinophilic esophagus, are beautifully illustrated and 
discussed. Part I closes with a section by Henry Parkman, 
MD, a renowned gastric physiologist and physician 

from Temple University. Dr. Parkman brings a special 
new focus on the neurophysiology and electrical physi-
ology of normal gastric function and disease.

I review common anatomic, physiologic, and clinical 
aspects of intestinal disorders in Section 1 of Part II. In 
Section 2, Dr. Missale Solomon offers a beautifully 
written treatment of normal and abnormal disorders of 
the primary digestive organ, the small intestine. In 
Section 3, one of modern gastroenterology’s eminent 
educators and Dean at the University of Connecticut, 
Suzi Rose, MD, discusses the colon.

Part III reviews the normal physiology and patho-
physiology of the liver, biliary tract, and pancreas. 
Grace Su, MD, a distinguished clinician and scientist 
from the University of Michigan, has exquisitely 
updated the section on the liver in a way that will bring 
great insights into this, the largest solid organ in the 
body. John Martin, MD, another premier physician 
from the Mayo Clinic, provides wonderful modern 
images of the biliary tract in Section 2, as well as 
descriptions of its many associated disorders. Section 3, 
on pancreatic function and disease, is written by one of 
the world’s premiere scientists and clinicians on pancre-
atology, Dr. David Whitcomb, chief of gastroenterol-
ogy and hepatology at the University of Pittsburgh.

I would like to express my gratitude for the talented 
and dedicated contributors to this wonderful update. 
First and foremost, thanks must be given to Dr. Netter 
posthumously for providing the initial version of this 
text and its wonderful illustrations. I especially want to 
thank the associate editors and other contributing 
authors. I also want to thank the amazing artists  
who work with the publishers, Jim Perkins, Tiffany 
DaVanzo, Kristen Wienandt Marzejon, and especially 
Dr. Machado, for their talents and commitment to  
preserving the magnificent style and imagery of Dr. 
Netter’s drawing. I want to thank my editors at Elsevier,  
Marybeth Thiel and Elyse O’Grady, for their expertise, 
patience , and support. Finally, I want to thank my 
loving wife for more than 4 decades of unwavering 
support of my efforts to make contributions to the field 
of gastroenterology, which never ceases to fascinate and 
challenge me.

James C. Reynolds, MD
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in direct contact with the septum transversum, and the 
mesothelial cells (also called the visceral peritoneum of 
the liver) reflect off of the liver and onto the inferior 
surface of the diaphragm. This leaves a bare area of the 
liver on its superior surface, “bare” because it is not 
covered by mesothelial cells.

As the stomach rotates and shifts to the left, the liver 
enlarges and fills the superior right side of the abdomen. 
The falciform ligament tethers the liver to the anterior 

Development of liver

The foregut is the first segment of the gut tube within 
the abdomen. It is attached to the anterior body wall by 
a ventral/anterior mesentery and to the posterior wall by 
a dorsal/posterior mesentery, the latter supplying blood 
from the dorsal aorta via the celiac arterial trunk. Two 
diverticula extend from the foregut, one dorsally and 
the other ventrally. The dorsal pancreatic bud extends 
into the dorsal mesentery while the liver develops from 
the endodermal cells that line the foregut and extend 
into the ventral mesentery to create the hepatic diverticu-
lum during the third week. The cells of the hepatic 
diverticulum proliferate and extend superiorly into the 
septum transversum, which separates the pericardial 
cavity from the developing peritoneal cavity. The cells 
of the mature liver will include cells that originated in 
both the hepatic diverticulum (hepatocytes) and the 
septum transversum (Kupffer cells and fibroblasts). As 
the hepatic diverticulum expands within the septum 
transversum, its connection to the foregut narrows to 
become the bile duct, which will carry bile from the liver 
to the duodenum.

At approximately 30 days of development, another 
extension of endoderm projects inferiorly from the bile 
duct. This diverticulum will develop into the gallbladder, 
and the connection between it and the bile duct will 
become the cystic duct. Just proximal to the developing 
gallbladder is yet another diverticulum extending from 
the bile duct, the ventral pancreatic bud. The two pan-
creatic buds will fuse to form the mature pancreas, and 
the gallbladder will become associated with the inferior 
side of the liver.

The ventral mesentery, including connective tissue 
from the septum transversum, connects the anterior 
abdominal wall to the liver and the liver to the stomach. 
These portions of the ventral mesentery thin out to 
become the membranous falciform ligament and lesser 
omentum, respectively. As the septum transversum 
thins to become the central area of the diaphragm, it 
leaves a layer of mesothelial cells on the surface of the 
liver. The superior surface of the liver, however, remains 
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body wall; during embryonic and fetal life, it contains 
the umbilical vein, which brings oxygenated blood from 
the placenta through the liver and to the developing 
heart. The lesser omentum connects the liver to the 
developing stomach and duodenum; it can be subdi-
vided into the hepatogastric and hepatoduodenal ligaments. 
The hepatoduodenal ligament contains the common 
bile duct, as well as the hepatic portal vein and proper 
hepatic artery.
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Development of liver anD its 
venous system

The hepatic diverticulum buds off of the gut tube in 
close relation to the vitelline veins, located on the ventral 
floor of the foregut at a site corresponding to the future 
duodenum. A vascular plexus branching out from the 
vitelline veins becomes surrounded by the endodermal 
cells that are developing into the liver. At an early stage, 
the right and left vitellines feed blood to a plexus within 
the liver, the hepatic sinusoids. Blood from this plexus 
leaves the developing liver through a pair of veins that 
enter the sinus venosus of the heart alongside the right 
and left umbilical veins coming from the placenta and 
the common cardinal veins. Subsequently, the right and 
left vitelline veins form anastomoses between each 
other: the first within the liver and then two more 
outside of the liver, lying dorsally and ventrally around 
the duodenum, so that a vascular ring is formed. Part 
of this ring will disappear as the distal portion of the 
vitelline veins and yolk sac dwindle. The remaining 
portion of the venous trunk that is posterior to the 
duodenum becomes the portal vein; the portion that 
remains anterior to the duodenum develops into the 
superior mesenteric vein, joined by the splenic vein. The 
veins leading from the liver to the sinus venosus become 
the hepatic veins, the left of which atrophies, so that 
blood from the left half of the liver drains into the right 
vitelline vein. The umbilical veins initially drain exclu-
sively to the sinus venosus by way of the common  
cardinal veins, but they form anastomoses with the 
sinusoids bilaterally.

As development proceeds, the umbilical veins lose 
their connection to the common cardinal veins and 
eventually the rest of the right umbilical vein atrophies, 
leaving only the left umbilical vein to carry blood from 
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the placenta to the developing embryo. For a time the 
venous blood from the placenta passes through the liver 
to the right vitelline vein. Eventually, a large venous 
trunk, the ductus venosus, develops and separates from 
the hepatic sinusoids to carry oxygenated blood to the 
right atrium of the heart, bypassing most of the liver 
parenchyma. At this stage, approximately half of the 
blood from the umbilical vein goes through the ductus 
and the rest passes through the liver.

As the liver protrudes into the abdominal cavity, it 
remains in contact with the diaphragm in the bare area, 
and the attachment to the septum transversum becomes 
the coronary ligament. At the same time the umbilical 
vein becomes incorporated within the falciform liga-
ment, running from the umbilicus to the liver. After the 
postnatal circulation is established, no more blood flows 
through the umbilical vein, and it becomes the fibrous 
ligamentum teres, still within the falciform ligament.
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In intrauterine life, fetal blood receives oxygen and 
nutrients from maternal blood in the placenta. Except 
during the very early stages when the yolk sac and vitel-
line veins are still functioning, the umbilical cord sup-
plies blood to the fetus. While the vitelline veins are 
transformed, the umbilical vein anastomoses with the 
hepatic sinusoids, so that at one stage (when the fetus 
is 6 mm long), all of the blood of the umbilical vein 
passes through the primitive hepatic sinusoids. At the 
same time, the right umbilical vein and the proximal 
portion of the left undergo atrophy, and subsequently, 
the enlarged distal part of the left umbilical vein courses 
diagonally through the liver in a channel, the ductus 
venosus, which has formed by rearrangement of early 
hepatic sinusoids. As the lobes of the liver grow, the 
ductus venosus comes to lie outside the liver and joins 
the inferior vena cava, in which the small amount of 
deoxygenated venous blood from the caudal portions of 
the fetus is mixed with the oxygen-rich blood coming 
through the ductus venosus. The mixed blood entering 
the right atrium hits the interatrial membrane (septum 
secundum) and is directed through the foramen ovale 
into the left atrium, keeping the foramen open. In the 
left atrium the blood mixes with a small amount of 
nonoxygenated blood from the pulmonary veins, passes 
into the left ventricle, and then passes into the ascend-
ing aorta, where this mixed blood perfuses the coronary, 
common carotid, and subclavian arteries. A small 
amount of blood within the right atrium from the infe-
rior and superior venae cavae is diverted into the right 
ventricle and thereafter into the pulmonary trunk, which 
supplies the lungs. Because the amniotic fluid is filling 
the air passageways, the lungs have a high resistance, 
and very little blood from the pulmonary trunk actually 
enters the pulmonary arteries and lungs. Most of the 
blood in the pulmonary trunk is shunted into the 
descending aorta by way of the ductus arteriosus, where it 
joins the blood ejected from the left ventricle. In this 
way, the viscera and lower limbs receive mixed-
oxygenation blood, and the heart and brain, organs that 
are most sensitive to hypoxia, receive blood with higher 
oxygen content directly from the left ventricle.

After birth, the placental blood flow ceases, the 
newborn begins breathing, and the oxygen level in the 
blood rises significantly. These changes induce closure 
of both the ductus venosus and ductus arteriosus. These 
channels are obliterated and become fibrous cords,  
the ligamentum teres and ligamentum arteriosum, respec-
tively. The ligamentum teres terminates at the superior 
margin of the umbilicus, near the two lateral umbilical 
ligaments, containing the remnants of the umbilical 
arteries, spread in the interior abdominal wall toward 
the internal iliac arteries. During embryonic and fetal 
life, the two umbilical arteries carried deoxygenated 
blood from the body through the umbilical cord to the 
placenta. With the closure of the ductus venosus, oxy-
genated blood no longer reaches the inferior vena cava, 

and the liver from birth on is provided with oxygen-rich 
blood only via the hepatic arteries. With the first  
respiration, the resistance in the pulmonary vascular 
tree diminishes, and this pressure drop leads immedi-
ately to increased blood flow through the pulmonary 
arteries and veins and into the left atrium. This closes 
the valve of the foramen ovale, so that blood is no 
longer shunted from right to left. The foramen ovale is 
closed within 1 year in 75% of newborns. The fossa 

ovalis is an indentation marking the location of the 
foramen. In the remaining infants, an oblique commu-
nication may persist between the right and left atria, 
which may be demonstrated anatomically but only in 
rare cases is patent enough to allow mixing of oxygen-
ated and deoxygenated blood. Within 3 months after 
birth, the ligamentum arteriosum is no longer patent, 
although it may also sometimes persist, allowing the 
mixing of blood.
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topography of liver

The liver is located in the upper right part of the 
abdomen. In the scheme of dividing the abdomen into 
nine regions, the liver occupies the right hypochondriac 
region and the greater part of the epigastric regions. 
The left lobe of the liver extends, to a variable degree, 
into the left hypochondriac region. The liver is the 
largest organ of the body, weighing 1400 to 1600 g in 
adult males and 1200 to 1400 g in adult females. In 
normal, healthy individuals, the liver margin extending 
below the thoracic cage is smooth and offers little resis-
tance to the palpating finger. Downward displacement, 
enlargement, hardening, and nodular formation or 
cysts produce definite palpatory findings. Using percus-
sion, one must consider that the lungs overlie the upper 
portion of the liver and that the liver, in turn, overlaps 
the intestines and stomach.

The projections of the liver on the body surface have 
added significance when one is performing a liver 
biopsy. The projections vary, depending upon the posi-
tion of the individual as well as the body build, espe-
cially the configuration of the thorax. The liver lies 
close to the diaphragm, and the superior pole of the 
right lobe projects as far as the level of the fourth inter-
costal space or the fifth rib, the highest point being 
1 cm below the nipple near the lateral body line. The 
superior limit of the left lobe projects to the upper 
border of the sixth rib. Here, the left tip of the liver is 
close to the diaphragm.

The ribs cover the greater part of the liver’s right 
lobe, and a small part of its anterior surface is in contact 
with the anterior abdominal wall. When a person is 
standing erect, the liver extends downward to the 10th 
or 11th rib in the right midaxillary line. Here, the 
pleura projects downward to rib 10, and the more 
superficial right lung projects to rib 8. The inferior 
margin of the liver crosses the costal arch in the right 
lateral body line approximately at the level of the 
pylorus (transpyloric line). In the epigastrium the liver is 
not covered by the thoracic cage and extends approxi-
mately three fingers’ breadth below the base of the 
xyphoid process in the midline. Part of the left lobe is 
covered again by the rib cage.

Over the upper third of the right half of the liver, 
percussion gives a dull zone, because here the dia-
phragm, pleura, and lung overlie the liver. Over the 
middle portion, flat percussion is obtained due to the 
presence of the liver. Similarly, over the lowest third of 
the liver, a flat percussion tone is usually heard, except 
that sometimes intestinal resonance is produced by gas-
filled intestinal loops. The border between dullness and 
flatness moves during respiration and is altered by 
enlargement or displacement of the liver, and also by 

possible pathologic conditions within the thoracic cage 
which may change the percussion qualities of the tho-
racic organs.

In the horizontal position the projection of the liver 
moves slightly superiorly, and the percussive area of 
flatness appears slightly enlarged. The extent of the flat 
sound, best percussed in the horizontal position, pro-
vides information about the size of the organ.

The projections of the liver are altered in some dis-
eases, such as tumor infiltration, cirrhosis, or syphilitic 

hepar lobatum, and are changed by displacements of the 
organ or more often by thoracic conditions pushing the 
liver inferiorly. Subphrenic abscesses, depending upon 
location and size, also displace the liver inferiorly. 
Ascites, excessive dilatation of the colon, or abdominal 
tumors may push the liver superiorly, and retroperito-
neal tumors may move it anteriorly. Kyphoscoliosis or 
a barrel shape of the chest alters the position of the liver. 
Sometimes the liver is abnormally movable (hepatopto-
sis), causing peculiar palpatory findings.
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The liver is a large, wedge-shaped organ molded to the 
underside of the diaphragm and resting upon the 
abdominal viscera. Its diaphragmatic surface is divided 
into a superior part (which includes the cardiac impres-
sion), an anterior part (which extends beyond the dia-
phragm onto the anterior abdominal wall), a right part, 
and a posterior part (attached to the diaphragm by the 
coronary ligament). The border between the anterior 
aspect and visceral surface is the inferior margin. Its con-
sistency, sharpness of edge, smoothness of surface, and 
movement upon respiration provide clinical informa-
tion. On laparotomy, the inferior margin and the ante-
rior aspect are first exposed. Otherwise, the hepatic 
surfaces are not separated by distinct margins.

The liver is covered by peritoneum, except for the 
gallbladder bed, the porta hepatis (entry point of the 
common hepatic duct, hepatic artery, portal vein, lymphat-
ics, and nerves), adjacent parts surrounding the inferior 
vena cava, and a space to the right of the inferior vena 
cava called the bare area, which is in contact with the 
right suprarenal gland (suprarenal impression) and the 
right kidney (renal impression). The peritoneal duplica-
tions, which extend from the anterior abdominal wall 
and from the diaphragm to the organ, form the liga-
ments of the liver, which, along with intraabdominal 
pressure, help fix the liver in its position. The diaphrag-
matic peritoneal duplication is the coronary ligament, the 
upper layer of which is exposed if the liver is pulled 
away from the diaphragm. The right free lateral margin 
of the coronary ligament forms the right triangular liga-
ment, whereas the left triangular ligament surrounds and 
merges with the left tip of the liver, the fibrous appendix 
of the liver. The space between the upper and lower 
layers of the coronary ligament is filled with areolar 
connective tissue. Below the insertion of the lower layer 
of the right coronary ligament, the hepatorenal space 
extends posterior to the liver and anterior to the right 
kidney.

The falciform ligament extends from the liver to the 
anterior abdominal wall, originating from the middle 
portion of the coronary ligament. This double layer of 
peritoneum contains the ligamentum teres (obliterated 
left umbilical vein), and its insertion on the liver divides 
the organ into a right lobe and a left lobe. As the falciform 
ligament crosses the inferior margin of the liver it 
releases the ligamentum teres, which then enters a 
fissure on the visceral surface of the liver. Inferiorly, this 
fissure for the ligamentum teres separates the quadrate lobe 
from the left lobe of the liver. Beyond the porta hepatis it 
is continued superiorly as the fissure for the ligamentum 
venosum (the obliterated ductus venosus of the fetus). The 

two fissures may be regarded as the left limb of an 
H-shaped pattern characteristic of the visceral surface 
of the liver. The right limb is formed by the gallbladder 
fossa and the groove for the inferior vena cava. The hori-
zontal limb is marked by the porta hepatis, where vessels 
and bile ducts enter and exit the liver. The quadrate lobe, 
between the gallbladder and the fissure for the umbili-
cal vein, is in contact with the pylorus and the superior 
(first) portion of the duodenum (duodenal impression). 

The caudate lobe lies superior to the porta hepatis, 
between the fissure for the ligamentum venosum and 
the inferior vena cava; the inferior projection of the 
lobe is the papillary process. The visceral surface of the 
liver reveals further impressions of the organs with 
which it is in contact: the impressions for the colon and the 
right kidney, and on the left lobe the impressions for the 
esophagus and the stomach. The superior surface is related 
to the diaphragm and forms the domes of the liver.
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Such physical forces may flatten and elongate the liver 
downward with reduction of the superior diaphrag-
matic surface and sometimes with a peculiar tonguelike 
extension of the right lobe. In other instances, the corset 
liver is displaced, and the renal impression is exagger-
ated. Clinical symptoms (dyspepsia, cholelithiasis, chlo-
rosis) were ascribed to the corset liver, but it is 
questionable whether this condition actually led to 

lesser omentum, variations 
in form of liver

If the inferior margin of the liver is lifted, the lesser 
omentum is exposed. It is a peritoneal fold extending 
from the first portion of the duodenum and the lesser 
curvature of the stomach to the liver, where it is inserted 
into the fissure of the ligamentum venosum and con-
tinues to the porta hepatis. Here, the layers are sepa-
rated to accommodate the structures running to and 
from the liver. On the free right edge of the lesser 
omentum is the thick hepatoduodenal ligament. It forms 
the anterior boundary of the omental (epiploic) foramen 
(of Winslow), which is the entrance to the omental bursa. 
The posterior wall of this cavity is formed by the inferior 
vena cava and the caudate lobe of the liver. Near the right 
margin of the lesser omentum is found the common bile 
duct, which divides into the cystic duct and common hepatic 
duct. To its left lies the hepatic artery and posterior to 
both, the portal vein. The nerves and lymph vessels of 
the liver accompany these structures. The porta hepatis 
is limited anteroinferiorly by the quadrate lobe and pos-
terosuperiorly by the caudate lobe. On the right side of 
the porta hepatis, the main hepatic duct branches into 
the right and left hepatic ducts and they enter the liver. 
On the left side of the porta hepatis the hepatic artery 
enters the liver posterior to the branching of the ducts. 
The forking portal vein enters posterior to the ductal 
and arterial ramifications.

The shape of the liver varies. Its great regenerative 
ability, as well as the plasticity of the liver tissue, permits 
a wide variety of forms, which depend in part upon 
pressure exerted by neighboring organs and in part 
upon disease processes or vascular alteration. A greatly 
reduced left lobe is compensated for by enlargement of 
the right lobe, which reveals very conspicuous and deep 
costal impressions. Occasionally, the left lobe is com-
pletely atrophic, with a wrinkled and thickened capsule 
and, microscopically, an impressive approximation of 
the portal triads, with hardly any lobular parenchyma 
between them. In the majority of such cases, vascular 
aberrations have been demonstrated, such as partial 
obstruction of the lumen of the left branch of the portal 
vein by a dilated left hepatic duct or obstruction of the 
bile ducts. This lesion is therefore thought to be the 
result of a local nutritional deficiency, especially because 
the nutritional condition of the left lobe is poor to begin 
with. In other instances, associated with a transverse 
position of the organ, the left lobe is unduly large. 
Historically, deformation of the liver sometimes 
resulted from laced corsets or from tight belts or straps. 
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clinical manifestations other than peculiar findings on 
palpation. Indentations on the liver are normally pro-
duced by the ribs, by diaphragmatic insertions, and by 
the costal arch. In kyphoscoliosis, the rib insertions may 
become very prominent. Parallel sagittal furrows on the 
hepatic convexity have been designated as “diaphrag-
matic” grooves. None of the described variations are 
considered functionally significant today.
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Cellular elements of liver

Hepatocytes are the cells that make up the parenchyma 
of the liver. The cytoplasm of the hepatocytes normally 
contains various defined particles that can be visualized 
by histochemical methods. Neutral fat is found in the 
form of droplets, which are stainable in frozen sections 
by fat stains but appear as vacuoles after dissolution of 
fat with the routine use of organic solvents in histologic 
techniques. The fat droplets or vacuoles in normal liver 
cells do not exceed 4 microns in diameter. They usually 
line up on the free margin of the cells, like pearls on a 
string. Enlargement of the fat droplets is the result of 
an imbalance between the transport of fat to the liver 
from either the intestine or the peripheral tissue, or of 
its formation or catabolism within the liver. The imbal-
ance in fat metabolism may be focal, mainly due to 
disturbances of the blood flow and local anoxia, or may 
be diffuse. The fat droplets become gradually larger 
until the liver cell cytoplasm is studded with droplets of 
different size; the nucleus, however, still remains in the 
center. Subsequently, the droplets merge, and one large 
drop pushes the nucleus to the side. Eventually, large 
drops of neighboring liver cells coalesce to form fatty 
cysts, in which the fat is actually extracellular and the 
remnants of several cells line the cyst.

Glycogen, if previously precipitated by alcohol fixa-
tion, appears as fine red particles in the cytoplasm after 
staining with Best’s carmine or periodic acid–Schiff 
reagent. In routinely fixed and stained sections or 
biopsy specimens of normal liver, the dissolved glyco-
gen produces a fine, granulated and vacuolated appear-
ance of the cytoplasm. In severe disease of any kind, 
particularly in the agonal period, the glycogen content 
becomes markedly reduced, so that, as a rule, in autopsy 
specimens little glycogen is found. The glycogen 
content of the liver cells is an index of its functional 
status. The mitochondria of hepatocytes are stainable 
with preparations such as Janus green, appearing as 
globular elements in the center and rod-shaped ele-
ments in the periphery of the lobule. They contain, as 
do all cells of the body, phospholipids and a great 
number of enzyme systems.

The stellate sinusoidal macrophages (Kupffer cells) 
assume a wide variety of shapes in the normal liver as 
an expression of different activity stages, primarily 
phagocytosis. Some of them are flat, similar to endo-
thelial cells in other organs. Others have a large amount 
of cytoplasm, which contains various inclusions, not 
necessarily an expression of disease. Some of these 
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inclusions are bacteria, pigments, red cells, and fat droplets. 
In various abnormal conditions, the phagocytosis 
becomes exaggerated, and resting endothelial-like stel-
late sinusoidal macrophages can rapidly change into the 
large phagocytic type. These cells typically line the 
hepatic sinusoids, where they can interact with incom-
ing pathogens or fragments.

The hepatic stellate cells (Ito cells) are also found within 
the sinusoidal space but play a distinct role in normal 

liver metabolism. They store vitamin A within lipid 
inclusions and release it as needed. When the liver is 
damaged, these cells cease playing a role in vitamin A 
metabolism and differentiate into cells that are similar 
or identical to myofibroblasts. They then release types I 
and III collagen to repair damage to the stroma  
and parenchyma of the liver, thus becoming involved in 
the development of cirrhosis by changing the stroma of 
the liver.
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intrahepatiC struCtures

LIVER CELL ARRANGEMENT

The liver is an incredibly complex organ that has mul-
tiple functions. It receives blood from the hepatic portal 
vein carrying nutrients and other substances that it 
metabolically modifies. The liver releases serum pro-
teins into the bloodstream to maintain bodily homeo-
stasis. It stores vitamins A, D, and K, as well as iron. It 
also uses bilirubin from the spleen to create bile, which 
it conjugates and excretes into the descending (second) 
part of the duodenum through the bile ducts. The 
microscopic appearance of the liver gives us some 
insight into how these processes are accomplished. The 
liver is covered by a connective tissue capsule (of Glisson) 
that is itself covered by a layer of visceral peritoneum, 
except over the bare area of the liver. The capsule sends 
connective tissue septae into the parenchyma of the 
liver, separating it into distinct segments; these will be 
discussed in relation to the blood supply to the organ. 
The parenchyma of the liver is constituted almost 
entirely of hepatocytes, although other cells will play 
important roles that allow the hepatocytes to operate 
properly.

The portal triad refers to three structures that travel 
together grossly and microscopically. They are the 
hepatic portal vein, hepatic artery, and bile duct; these three 
structures pass into the liver at the porta hepatis and 
then subdivide into smaller vessels and ducts, but always 
remain close to each other. Subsequent studies have 
demonstrated the existence of lymphatic vessels that 
travel along with the portal triad. The portal vein and 
hepatic artery deposit blood into large vessels within 
the liver, the hepatic sinusoids. The epithelium and basal 
lamina of these sinusoids are discontinuous, allowing 
the blood plasma to exit the confines of these sinusoidal 
capillaries.

The classic description of the liver’s microscopic 
arrangement is that hepatocytes form cords composed of 
cells facing each other across the sinusoids. These cords 
extend in an irregular, crooked, and angular fashion 
throughout the liver. The sinusoids are lined by a dis-
continuous epithelium, which not only has large open-
ings (fenestrae) in the cells themselves, but also large 
gaps between adjacent cells. The endothelial lining of 
the sinusoids is made up of simple squamous epithelial 
cells along with many stellate sinusoidal macrophages 
(Kupffer cells) and the occasional hepatic stellate cell 
(Ito cell). Just deep to this layer is a discrete space 
between the sinusoid and the hepatocytes. This is the 
perisinusoidal space (of Disse), and it is filled by microvilli 
that extend from the hepatocytes, expanding their 
surface area and giving them access to the contents of 
the blood plasma.

The sinusoids differ from capillaries elsewhere in the 
body owing to the specific functions of the Kupffer 
cells, which may increase in size, as well as to the 
greater permeability of their membrane for macromo-
lecular substances, especially proteins. The large open-
ings in the sinusoids permit a better exchange of 
large-sized compounds between liver cell and sinusoid. 
The exchange of nutrients and waste products of large 
or small size takes place through the perisinusoidal 
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space that separates the sinusoidal wall from the hepa-
tocytes. This space is the beginning of the lymphatics 
of the liver. Fluid in this space drains toward the portal 
triad, entering the space of Mall in the area between 
the hepatocytes and the connective tissue surrounding 
the portal triad. It thereafter travels in the lymphatic 
vessels that accompany the portal triad, draining toward 
the celiac lymph nodes.

Oxygenated blood enters each sinusoid via the 
hepatic artery and mixes with deoxygenated blood 
brought to the liver through the hepatic portal vein. 
Thus, even hepatocytes that are exposed to blood 
shortly after it enters a sinusoid do not receive very well 
oxygenated blood. Red blood cells and plasma travel 
through each sinusoid toward a single central vein. The 
hepatocytes closest to the central vein invariably receive 
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VASCULAR DUCTAL RELATIONS AND LIVER LOBULES
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the most poorly oxygenated blood. Unlike the portal 
triad, the central veins have no companion structures.

LIVER LOBULES

Between the ramifications of portal triads and central 
veins, the hepatic parenchyma is surrounded by a fine 
framework of reticular fibers (type III collagen), which, 
in turn, are anchored at the portal triads. This network 
of fibers appears to be arranged in a concentric manner 
toward the central vein. This characteristic pattern has 
led to the description of the classic liver lobule. This 
description of the liver’s microscopic appearance posits 
a roughly quadrangular or hexagonal structure, with the 
portal triad at each corner and a central vein in the 
center. This construct makes it easy to conceptualize 
the flow of blood from each triad through the sinusoids, 
traveling toward the central vein. The portal triads exist 
along the periphery of each liver lobule and therefore 
feed blood into several lobules. The periphery of the 
human liver lobule between adjacent liver lobules is not 
sharply defined. Under abnormal circumstances (e.g., 
perilobular fibrosis), a sharper lobular delineation may 
be found in humans. Pigs typically have stout connec-
tive tissue septae running between adjacent portal 
triads, making the liver lobule very easy to visualize. 
Sadly, although the same structures exist in humans, the 
lobule is not so neatly demarcated. However, the liver 
lobule is only one way of organizing the microstructure 
of the liver.

One may also start with three (or more) central veins 
on the periphery of a triangle (or quadrangle) with a 
portal triad in the center. This construct is known as a 
portal lobule and is particularly useful for conceptualiz-
ing the flow of bile from the hepatocytes toward the 
bile ducts found within each portal triad. This empha-
sizes the glandular activity of the liver and is particularly 
useful when looking for pathologic changes occurring 
as a result of blockage of the biliary duct system.

Yet another method of viewing the live parenchyma 
is the liver acinus, shaped like an American football or 
a lentil, with a central vein at each end of the long axis 
and a portal triad at each end of the short axis. This 
construct is particularly useful when examining the 
effect of ischemia and other pathologic processes on the 
hepatocytes. The hepatocytes closest to the portal triad 
receive the best-oxygenated blood, whereas those 
closest to the central veins receive more poorly oxygen-
ated blood. The cells closest to the central vein corre-
spond to the cells at the center of the liver lobule and 
the periphery of the portal lobule.

INTRAHEPATIC BILIARY SYSTEM

Bile is produced by the hepatocytes but is not released 
into the perisinusoidal space. Instead the biliary pas-
sages start as fine bile canaliculi found on the surface of 
the hepatocytes, opposite their sinusoidal surface. The 
bile canaliculi can be demonstrated by injection of dyes 
that are excreted into the bile. The use of fluorescent 
dyes has greatly enhanced the visualization of the bile 
capillaries, which fluoresce bright yellow-green under 
ultraviolet light shortly after injection of fluorescein, in 
vital microscopic studies or tissue sections. In such 
preparations, diverticula, sometimes having a vacuo-
lated appearance, have been observed frequently, but it 

is now realized that they represent artefacts brought 
about by anoxia or other alterations of the animals 
observed under such conditions. It is, therefore, now 
assumed that the bile canaliculi have a fairly straight 
lining with only small extensions between neighboring 
liver cells, a theory that agrees with the picture seen in 
tissue sections if the bile capillaries are stained with 
proper techniques, such as mordant hematoxylin. In 
jaundice the bile canaliculi become dilated and filled 
with bile, sometimes precipitating bile casts or plugs. 

Under these circumstances the arrangement of the  
distended bile canaliculi is readily visualized without 
special stains. With injuries to the liver cells, therefore, 
the continuity of the walls of bile canaliculi is also 
destroyed, which explains the backflow of bile from the 
bile capillaries into the tissue spaces in jaundice caused 
by hepatocellular damage.

The bile canaliculi form an intercommunicating 
network between adjacent hepatocytes. They are sur-
rounded by the liver cells, and although they appear to 

intrahepatiC struCtures 
(Continued)
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INTRAHEPATIC VASCULAR SYSTEM 
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lie within grooves on the outside of the hepatocytes, 
they are actually part of the cell. Nowhere in the normal 
liver are the bile capillaries close to the perisinusoidal 
space. The network of bile canaliculi is drained by the 
smallest intralobular bile ductules, which in turn drain to 
larger periportal bile ductules (canals of Hering), found in 
the connective tissue near the portal triads within the 
liver. These ductules form communicating loops, which 
eventually either unite with the periportal bile ductules 
or independently perforate the limiting plate to reach 
larger bile ducts running along the portal triad. The 
intralobular bile ductules are surrounded by a connec-
tive tissue sheet that also envelops the arterioles and, 
possibly, the very small lymphatic vessels. The epithelial 
cells that line these bile ductules, cholangiocytes, are 
cuboidal with a central nucleus, a less-basophilic cyto-
plasm than the surrounding hepatocytes, and a single 
long cilium extending into the duct’s lumen. The sepa-
ration can be made much more easily when the base-
ment membrane is made visible by connective tissue 
stains. As the ducts become wider, owing to the conflu-
ence of the smaller ducts, their epithelium becomes the 
high columnar type and, occasionally, the mucus-
producing type. Mucus is also added to the duct’s 
content by small adnexal secretory glands.

INTRAHEPATIC VASCULAR SYSTEM

After the portal vein has forked into main branches and 
has divided consecutively into smaller branches, the 
conducting veins, which eventually reach small portal 
tracts in which a central distributing vein, less than 
0.3 mm in diameter, discharges short inlet venules at 
right angles. Finally, the smallest portal vein branches 
into two terminal twigs entering the parenchyma. The 
inlet venules extend through the connective tissue sur-
rounding the portal triad into the sinusoids within the 
liver lobules, supplying the bulk of the portal vein blood 
to the parenchyma. From the sinusoids, blood flows to 
the central vein.

The blood supply and drainage of the structures in 
the portal tract, especially of the bile ducts, differ from 
those of the hepatic parenchyma in that the portal vein 
branches act as vessels that drain blood rather than 
supply it. Small venules collecting blood from the capil-
lary plexus in the portal tracts, and especially around 
the bile ducts, transport it into the lobular parenchyma 
by uniting with inlet venules acting as “internal roots” 
of the portal vein. Malignant hepatic tumors frequently 
have a blood supply more similar to that of the struc-
tures of the portal tract than to that of the parenchyma, 
and the efferent portal vein branches corresponding to 
the “internal roots” may become large trunks; these 
facts might suggest that these tumors are derived from 
structures in or near the portal tracts.

The hepatic artery ramifies parallel with the portal 
vein branches. Arterioles are released into the lobular 
parenchyma and terminate at different levels of the 
lobule, providing fresh arterial blood to all of its parts. 
The bulk seems to be released close to the portal triad 
by periportal arterioles, although longer intralobular arte-
rioles carry arterial blood to sinusoids further from the 
triad. The arterial branches within the connective tissue 
surrounding the portal triad supply its constituents with 
blood via portal arterioles; the blood is drained by “inter-
nal roots” of the portal vein or distributing veins.

Venous drainage of the liver itself begins with the 
central veins that are located at the terminus of each 
hepatic sinusoid. The central veins unite to form sublobu-
lar veins, which, in turn, form larger intrahepatic veins and 
finally join the inferior vena cava as hepatic veins. In con-
trast to some animals such as the rat, no sinusoids enter 
sublobular and larger hepatic vein tributaries in the 
human. That situation represents a potential difficulty 
for the drainage of the hepatic parenchyma and might 

explain the relatively strong tendency for centrilobular 
congestion and necrosis to occur in humans. Compara-
tively small veins frequently enter larger hepatic vein 
tributaries at right angles, a design that provides a pos-
sibility for reduced drainage by contraction of the larger 
vessel. Such a throttle mechanism, in the absence of true 
muscular sphincters, is recognized in a morphologic 
sense by a dilatation of the smaller vessel just before it 
pierces the wall of the larger one.

intrahepatiC struCtures 
(Continued)
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The intrahepatic distribution of vessels and bile ducts 
was successfully studied on casts prepared by injecting 
a chemically impregnable plastic into the vascular and 
biliary conduits before removing tissue by corrosive 
agents. The knowledge thus obtained proved to be a 
valuable asset for the cholangiographic demonstration 
of the vascular apparatus in vivo but was also of more 
than theoretical interest in view of the recognition of 
segmental divisions, similar to those in the lungs, which 
opened up the possibility of partial hepatectomy or the 
excision of single metastatic nodules and surgical exci-
sion of specific segments. Although the human liver, in 
contrast to the liver of some animals, fails to display 
surface lobulation, the parallel course of the branches 
of the hepatic artery, portal vein, and bile ducts and the 
appearance of clefts in these preparations of vessels and 
ducts pointed to a distinct lobular composition. A major 
lobar fissure extends obliquely inferior from the fossa 
for the inferior vena cava to the gallbladder fossa, which 
does not coincide with the surface separation between 
the right and left lobes running along the insertion of 
the falciform ligament and the fossa for the ductus 
venosus. Through this fissure extends one of the main 
trunks of the hepatic vein, the tributaries of which never 
follow the distribution of the other vessels but cross the 
portal vein branches in an interdigitated fashion.

Each lobe is partitioned by a segmental division and 
is drained by a lobar bile duct of the first order. The 
right division extends obliquely from the junction of  
the anterior and posterior surfaces inferiorly toward the 
lower border of the liver and continues on the inferior 
surface toward the porta hepatis, dividing the right lobe 
into an anterior and a posterior segment, each of which is 
drained by a bile duct of the second order. The left 
segmental cleft runs on the anterior surface along the 
attachments of the falciform ligament and on the vis-
ceral surface through the fissure of the ligamentum 
teres and ligamentum venosum. This fissure divides the 
left lobe into a medial and a lateral segment, but in a sig-
nificant number of cases it is crossed by bile ducts and 
vessels. The lateral segment corresponds to the classic 
descriptions of the left lobe, whereas the aspect of the 
medial segment on the visceral liver surface corre-
sponds to the quadrate lobe. The four bile ducts of the 
second order fork into those of the third order, which 
drain either the superior or the inferior area of the cor-
responding segments. Thus, the bile ducts and the 
accompanying vessels can be designated according to 
the lobes, segments, and areas to which they belong. 
The anatomically distinct caudate lobe has a vascular 
arrangement that divides it into a left portion drained by 
the left lobar duct and a right portion drained by the 
right lobar duct. The caudate process, connecting the 
caudate lobe with the right lobe of the liver, has a sepa-
rate net of vessels, which, in the majority of cases, com-
municates with branches of the right lobar duct. Neither 
the caudate lobe nor other parts of the liver provide an 
effective communication between the right and left 

lobar duct systems. Intrahepatic anastomoses between 
intraparenchymal branches of the arteries also have not 
been found, but in one fourth of the cases interconnec-
tions between the right and left systems exist through 
small extrahepatic or subcapsular anastomosing vessels.

The distribution of draining bile ducts and afferent 
blood vessels, as described and pictorialized in a sche-
matic fashion, is valid in the majority of instances, but 

individual variations are met in abundance. They 
concern, especially, the lateral superior vessels and 
ducts for the appendix fibrosa. Rudimentary bile ducts 
are frequent in this region. The incidence of segmental 
bile duct variation is greater on the right, whereas that 
of segmental arteries is greater on the left side. Further-
more, the observations of several investigating groups 
are, in some respects, still at variance.
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As is the case in the gastrointestinal system in general, 
the arterial supply of the liver, biliary system, and pan-
creas is incredibly variable. This plate will cover the 
typical branching pattern, and we will thereafter review 
the most common variations of the vasculature related 
to the liver. The celiac trunk is usually a short, thick 
artery originating from the aorta just below the aortic 
hiatus in the diaphragm. It extends horizontally and 
forward above the pancreas, and splits into left gastric, 
common hepatic, and splenic arteries.

From the celiac trunk, the common hepatic artery 
passes anteriorly and to the right to enter the right 
margin of the lesser omentum, in which it ascends. As 
the common hepatic artery turns superiorly, it gives 
origin first to the gastroduodenal artery, which supplies 
arteries to the stomach, duodenum, and pancreas, then 
usually to the supraduodenal artery, and finally to the 
right gastric artery. The continuation of the common 
hepatic artery, after the gastroduodenal artery departs, 
is thereafter known as the proper hepatic artery. It ascends 
within the hepatoduodenal ligament (part of the lesser 
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omentum) alongside the common bile duct and hepatic 
portal vein. The proper hepatic artery ascends anterior 
to the hepatic portal vein and to the left of the common 
bile duct. As it nears the liver, it divides into several 
branches, most commonly into a right hepatic and a left 
hepatic artery. The right hepatic artery generally passes 
posterior to the common hepatic duct to enter the cystic 
triangle (of Calot), formed by the cystic duct, the hepatic 

duct, and the liver. In a minority of cases, however, the 
right hepatic artery crosses anterior to the bile duct. All 
terminal branches of the hepatic artery enter the liver 
at the porta hepatis, alongside the hepatic portal vein and 
hepatic bile ducts. The left hepatic artery passes ante-
rior to the left hepatic bile duct and also frequently 
gives off a large branch, the intermediate hepatic artery, 
which also passes anterior to the left hepatic bile duct.
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accessory (6). If it is replaced, only the right hepatic 
artery comes from the celiac trunk, whereas in the pres-
ence of an accessory vessel, the common and proper 
hepatic arteries take their usual course. Ligation of a 
replaced left hepatic artery (for instance, during gas-
trectomy) endangers the blood supply to the left lobe 
of the liver.

An accessory left hepatic artery may also come from 
the right hepatic artery (7). In about 12% of cases the 
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It is important to know the textbook branching pattern 
of the hepatic arteries, but it is equally important to 
realize that many variations on this pattern exist and 
one cannot anticipate the branching that may be found 
in any one individual. These variations occur with equal 
incidence in the right and left hepatic arteries and are 
of more than passing surgical significance, mostly 
because of the liver necrosis that follows their unin-
tended ligation. A replaced artery originates from a 
source different from that in the standard description 
and substitutes for the typical vessel. An accessory artery 
is an extra vessel present in addition to those originating 
according to standard descriptions. An example of a 
replacement artery is the origin of the common hepatic 
artery from the superior mesenteric artery (1). It passes 
through, or posterior to, the head of the pancreas, and 
its ligation during a pancreaticoduodenal resection 
deprives the liver of its arterial blood supply. Under 
these circumstances, only the left gastric and splenic 
arteries arise from the celiac trunk. Sometimes, right or 
left hepatic arteries originate independently from the celiac 
trunk or fork off from a very short common hepatic 
artery (2). Under these conditions, the gastroduodenal 
artery originates from the right hepatic artery. Some-
what frequently, the right hepatic artery, giving off the 
gastroduodenal artery, originates from the superior mes-
enteric artery, whereas the left hepatic artery, in turn 
giving off the intermediate hepatic artery, is derived 
from the celiac trunk (3). Ligation of the replaced right 
hepatic artery, especially where it crosses the junction 
of the cystic and common ducts (for instance, during 
cholecystectomy) deprives the right lobe of the liver of 
its blood supply. In contrast, ligation of an accessory right 
hepatic artery, coming from the superior mesenteric artery 
(5), is far less significant, because another right hepatic 
artery runs its typical course. Under these circum-
stances, two right hepatic arteries may be found in the 
cystic (Calot) triangle. A replaced right hepatic artery 
is far more frequent than an accessory one. An aberrant 
left hepatic artery, originating from the left gastric artery, 
is, in half of cases, replaced (4) and, in the other half, 

right hepatic artery, originating at its typical site of 
departure, crosses anterior to the common hepatic duct 
instead of posterior to it (8), a variation worthy of  
being remembered in the exploration of the duct. The 
described variations are also significant in the formation 
of collaterals after obstruction or ligation of an artery. 
Other variations not described here are less frequent, 
but their potential existence should not be ignored or 
discounted when operating in this field.
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Plate	1-14	
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The cystic artery most frequently originates from the 
right hepatic artery within the cystic triangle of Calot, 
to the right of the common hepatic duct. However, its 
frequent variations are of great significance in cholecys-
tectomy and are best recognized by careful dissection 
of the structures in the triangle. Typically, the artery 
divides into an anterior branch, going to the free peri-
toneal surface of the gallbladder, and a posterior branch, 
going to the nonperitoneal surface and the gallbladder 
bed. The branches communicate with each other by 
means of numerous twigs. In about 20% of cases, the 
cystic artery does not originate in the triangle but arises 
from the right hepatic artery (1) outside the triangle, from 
the intermediate (2) or left hepatic artery, or, even less 
frequently, from the proper hepatic artery (3) before it 
forks into its branches. In all these instances it crosses 
the anterior and sometimes the posterior aspect of the 
common hepatic duct. Rare replacements include an 
origin from the gastroduodenal artery (4), and even from 
the celiac trunk (5) or independently from the aorta. In 
these instances the cystic artery originates inferior to 
the origin of the cystic duct and crosses anterior to the 
common bile duct. The cystic artery may also be 
derived from an aberrant right hepatic artery coming from 
the superior mesenteric artery, the origin being either 
within the cystic triangle (6) or outside of it (7). In the 
latter instance it again crosses anterior to the common 
hepatic duct.

Double cystic arteries are also frequently encountered, 
occurring in approximately 25% of cases. Under these 
circumstances both the superficial, or anterior, branch 
and the deeper posterior branch may arise within the 
triangle from the right hepatic artery (8). As a rule, the 
origin of the posterior branch is much higher in the 
triangle, whereas the anterior branch may swing cau-
dally around the proximal part of the cystic duct. Less 

frequently, one or both of the cystic arteries originate 
outside the triangle. In these cases, the most frequent 
pattern is an origin of the anterior cystic artery outside 
the triangle from the right hepatic artery with crossing 
in front of the bile duct, and origin of the posterior 
branch to the deeper structures of the gallbladder high 
within the triangle (9). Rarely, the anterior cystic artery 
may originate from the gastroduodenal artery (10). For 
the surgeon it is well to remember that an important 
vessel may have an inferior origin and accompany the 

cystic duct, in case the entire cystic artery or its super-
ficial branch starts from the gastroduodenal artery or 
other intestinal arteries. Double cystic arteries may also 
arise within or outside of the triangle from an aberrant 
right hepatic artery (11). The number of possible varia-
tions is great, and their incidence is not negligible. It 
should be emphasized that an artery resembling the 
cystic artery in its course and paralleling the cystic duct 
is not necessarily the cystic artery but may be a branch 
of the proper or right hepatic artery.



	 Liver:	PART	III

16	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-15	
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The portal vein forms posterior to the head of the 
pancreas at the height of the second lumbar vertebra by 
confluence of the superior mesenteric and splenic veins. 
It runs posterior to the first portion of the duodenum 
and then in the right border of the lesser omentum to 
enter the liver at the porta hepatis, where it splits into 
its hepatic branches. The portal vein receives the left 
gastric vein, which communicates with the esophageal 
venous plexus. The latter, in turn, connects with the short 
gastric veins and the azygos and hemiazygos veins in the 
lower and middle parts and with various branches of the 
superior vena cava, such as the brachiocephalic and infe-
rior thyroid veins in the upper part of the esophageal 
region. The portal vein further accepts the right gastric 
vein, which with the left gastric vein forms a loop. The 
left main branch of the portal vein admits the paraum-
bilical veins and, occasionally, a persisting umbilical vein.

The superior mesenteric vein originates at the root of 
the mesentery as it receives venous blood from midgut 
veins such as the middle colic, right colic, ileocolic, jejunal, 
ileal, and inferior pancreaticoduodenal veins, receiving in 
addition many small veins. It runs anterior to the third 
portion of the duodenum and the uncinate process  
of the pancreas. A foregut vein, the right gastroepiploic 
vein, coming from the right aspects of the greater 
curvature of the stomach, also enters the superior  
mesenteric vein.

The splenic vein usually receives the inferior mesenteric 
vein just posterior to the body of the pancreas. The 
inferior mesenteric vein drains hindgut structures; it 
begins with the superior rectal veins and continues in the 
posterior abdominal wall, receiving many tributaries, 
particularly the sigmoid and left colic veins. The splenic 
vein itself begins at the hilus of the spleen and admits 
the left gastroomental vein, short gastric veins (both of 
which communicate with esophageal veins), and pan-
creatic veins which anastomose with retroperitoneal 
veins, and therefore with the caval system.

The shortness of the hepatic portal vein discourages 
mixing of the blood coming from its constituents, so 
that the right extremity of the liver may chiefly receive 
blood coming from the superior mesenteric vein. The 
left lobe may receive blood from the left gastric, inferior 
mesenteric, and splenic veins, whereas the left part of 
the right lobe, including the caudate and quadrate 
lobes, receives mixed blood. These streamlines, dem-
onstrated in experimental animals, are not seen during 
portal venography and are not certain to occur in the 
human being. Their existence has been assumed, 
however, to explain the localization of tumor metastases 
and abscesses and also the predominance of massive 
necrosis in acute fatal viral hepatitis in the left lobe, 

which supposedly does not receive nutrient-rich pro-
tective blood from the small intestine.

The portacaval anastomoses have great clinical sig-
nificance. They dilate when the blood flow in the portal 
vein and/or through the liver is restrained; they relieve 
portal hypertension and may be lifesaving in acute 
portal hypertension but, as in chronic obstruction, may 
shunt blood from the liver, compromising the liver’s 
vital functions and, therewith, contributing to hepatic 
insufficiency. Dilatation of the rectal veins results in 

hemorrhoids, with the attendant danger of hemor-
rhage, thrombosis, and inflammation. The varicosities 
of the esophageal veins (and less so of the gastric veins 
of the stomach) may lead to esophageal hemorrhage, 
the most dangerous complication of portal hyperten-
sion. The various retroperitoneal portacaval anastomoses 
have less clinical significance. The paraumbilical anasto-
moses lead to a marked dilatation of the veins in the 
anterior abdominal wall. If these veins converge toward 
the umbilicus, they form what is called caput medusae.
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Plate	1-16	
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The anatomy of the portal vein system is less variable 
than that of the hepatic arteries. However, the varia-
tions that do occur in this series of vessels are of para-
mount importance during shunt operations for portal 
hypertension. The length of the portal vein varies from 
5.5 to 8 cm, with an average of approximately 6.5 cm, 
the mean diameter being normally 1.09 cm. In cirrho-
sis, however, the diameter becomes considerably wider. 
It is of practical importance that in only slightly over 
10% of the studied cases no vessel enters the main stem 
of the portal vein, but in the vast majority, several veins 
are admitted that may be torn during the dissection for 
portacaval anastomosis. Dangerous hemorrhage may 
result, and ligation of these vessels may interfere with 
the size of the portal vein and the performance of the 
anastomosis. In more than two thirds of cases, the left 
gastric vein, which is of major significance as portal 
drainage from esophageal varices, enters into the left 
aspect of the portal vein. Otherwise it enters at the 
junction of the splenic and superior mesenteric veins, and 
in almost one fourth of cases, it joins the splenic vein. 
Under all these circumstances, the right gastric vein may 
enter into the portal vein stem. On its right aspect, the 
portal vein may admit the superior pancreaticoduodenal 
vein, and close to the liver the cystic vein, which fre-
quently joins the right side of the portal vein. The usual 
anatomic description of the formation of the portal vein 
is found in only about half of cases. In the remainder, 
the inferior mesenteric vein enters the junction of the 
splenic and superior mesenteric veins or joins the supe-
rior mesenteric vein.

The size of the splenic vein, of major importance in 
a splenorenal shunt, is said to average less than 0.5 cm 
between the splenic hilus and the junction with the 
inferior mesenteric vein. As a rule, the splenic vein is 
widened to a lesser degree in portal hypertension than 
is the portal vein. Because the splenic vein is more or 

less embedded into the head of the pancreas, the many 
pancreatic venous tributaries are so short that they may 
be easily torn during a shunt operation, and their liga-
tion creates technical problems.

Of the rare congenital anomalies of the portal vein, 
the one of surgical significance concerns an abnormal 
position anterior to the head of the pancreas and the duode-
num. Another rare but physiologically interesting 
anomaly is the entrance of the portal vein into the inferior 
vena cava. It would indicate that a liver that appears 

normal in a morphologic sense can function without 
receiving blood from the portal vein. With this anomaly, 
the hepatic artery is considerably enlarged. A great 
rarity is an entrance of the pulmonary vein into the portal 
vein; this is probably the consequence of some distur-
bance in the development of the venous systems at an 
early fetal stage. Another extremely rare variation is the 
presence of congenital strictures of the portal vein at the 
porta hepatis, producing severe portal hypertension 
that may not be relieved by surgical anastomoses.
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Plate	1-17	
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The perisinusoidal space (of Disse) separates the sinusoidal 
wall from the hepatocytes. The spaces are filled by 
extensions of the hepatocyte cytoplasm and are tra-
versed by fine arcuate reticular fibers, extending from 
the basement membrane of the capillaries to the hepa-
tocytes, which themselves do not rest on a basement 
membrane. Through these spaces the exchange of fluid, 
and especially solids from the liver cells to the sinusoi-
dal lumen and vice versa, takes place. Under normal 
circumstances the perisinusoidal spaces are almost com-
pletely invisible and the arcuate reticular fibers can 
hardly be separated from the sinusoidal basement mem-
branes. However, in the agonal period, and especially 
in passive congestion, in anoxia, or in various toxic 
conditions, hepatic edema sets in, with widening of the 
sinusoidal spaces, which are filled by a protein-rich 
fluid. This widening may develop very rapidly, probably 
as a result of an abnormally increased permeability for 
serum protein brought about, for instance, by hypoxia. 
Therefore, in autopsy specimens (even when the liver 
is normal), as a rule, the perisinusoidal spaces are 
expanded, whereas in biopsy specimens they are usually 
invisible. In toxic conditions or congestion, this widen-
ing may be markedly exaggerated. The fluid in the 
perisinusoidal space is the beginning of lymph from deep 
lymphatic vessels from the liver. This fluid travels in a 
direction similar to that of the bile, toward nearby 
portal triads, to join larger lymph vessels that parallel 
the bile duct, hepatic artery, and hepatic portal vein. 
Few lymphatics are present in the central canals around 
the tributaries of the hepatic vein; lymph tends to travel 
toward the portal triad. Lymph from the more superfi-
cial regions of the liver and its capsule drain to superficial 
lymphatic vessels. The capsule of the liver (Glisson 
capsule) contains a dense network of lymphatics that 
communicates with a lymphatic network in the gall-
bladder bed. These widespread intercommunications 
make the hepatic lymphatic system a functional unit.

The lymphatic drainage of the liver follows several 
routes. Superficial lymphatic vessels as well as deep 
lymphatic vessels from the inferior and anterior region 
of the liver drain to hepatic lymph nodes, found running 
alongside the hepatic arteries at the porta hepatis. Addi-
tional lymph nodes are found along the proper and 
common hepatic arteries. Lymphatic fluid drains along 
these nodes to reach the celiac lymph nodes at the base of 
the celiac trunk and inferior vena cava. From there, 
lymphatic vessels proceed to the cisterna chyli, and a 
few extend directly from the porta hepatis to the 

thoracic duct. Lymphatic vessels near the bare area of 
the liver, on the posterior and superior aspects of the 
organ, drain toward the inferior vena cava as it passes 
through the diaphragmatic hiatus of the diaphragm. 
There, lymphatic fluid encounters the phrenic lymph 
nodes in the vicinity of the thoracic duct.

In addition, a few vessels from the left side of the 
posterior surface drain to the left gastric lymph nodes and 

some from the right side of the posterior surface drain 
directly to the celiac nodes. The lymph vessels from the 
gallbladder and from most of the extrahepatic bile ducts 
drain to the hepatic nodes, but a few vessels from the 
common bile duct also run to the right gastric lymph 
nodes. Anastomoses of the hepatic lymphatics with duo-
denal and pancreatic lymphatics are typically noted only 
in the presence of adhesions.
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innervation of liver anD  
Bile traCt

The liver, gallbladder, and biliary tract receive their 
nerve supply from the sympathetic and parasympathetic 
systems as well as the right phrenic nerve. The sympa-
thetic innervation comes chiefly from the intermediolat-
eral cell column of the 7th to the 10th spinal segments. 
Axons from these levels exit via the anterior roots, 
spinal nerves, and white rami communicans to reach 
and pass through the sympathetic ganglia of the sympa-
thetic trunk. Preganglionic sympathetic axons reach the 
prevertebral ganglia by way of the thoracic splanchnic 
nerves and synapse with the nerve cells within the 
ganglia. Most of the postganglionic sympathetic fibers 
to the liver probably originate in the celiac ganglia; some 
of them may start in small ganglia present at the porta 
hepatis. The parasympathetic innervation is provided by 
both vagal trunks, the posterior trunk of which tra-
verses, with some branches, the right portion of the 
celiac plexus but does not form synapses within it. The 
anterior vagal trunk reaches the liver through the hepa-
togastric ligament from the anterior surface of the 
esophagus and stomach.

The preganglionic parasympathetic and postgangli-
onic sympathetic nerves form the anterior and posterior 
hepatic plexuses. The anterior plexus lies near the 
hepatic artery; it is composed mostly of fibers from the 
left portion of the celiac plexus and from the right 
abdominal branch of the anterior vagal trunk. The pos-
terior plexus, behind the portal veins and the bile ducts, 
receives fibers from the right celiac ganglion and the 
posterior vagal trunk. Within the liver, nerves follow 
the branches of the blood vessels and bile ducts to reach 
their targets. The innervation of the intrahepatic blood 
vessels is analogous to that of other blood vessels. In 
the wall of the bile ducts a nerve fiber network extends 
close to the epithelium. Apparently the branches of the 
common hepatic artery are supplied entirely by sympa-
thetic fibers, whereas the muscles of the bile ducts and 
the gallbladder are innervated by both autonomic 
nerves. The extrahepatic bile ducts and the gallbladder 
receive branches from the anterior and posterior hepatic 
plexuses. Preganglionic parasympathetic axons synapse 
with postganglionic parasympathetic nerve cells near 
their target, such as the muscularis of the gallbladder 
and the smooth muscle of the bile ducts.

Nonpainful, reflexive afferent inputs from the liver, 
gallbladder, and extrahepatic bile ducts travel to the 
medulla oblongata by running in a retrograde fashion 
along the parasympathetic inputs to each organ. They 
are therefore found within the anterior and posterior 
vagal trunks and vagus nerves. Afferent nerves that 
carry visceral pain signals from the liver and extrahe-
patic biliary system travel along sympathetic fibers to 
each organ. Therefore they pass along the hepatic 
arteries, through the thoracic splanchnic nerves and 

Plate	1-18	
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white rami, and then the posterior roots to reach the 
spinal cord. The phrenic nerve also enters the liver, 
sometimes joined by sympathetic fibers, with branches 
distributed to the coronary and falciform ligaments and 
to the capsule of the liver. Pain elicited in the liver is 
usually of the dull type, associated with diffuse tender-
ness over the right upper quadrant of the abdomen and 
pain in the right shoulder. A beltlike area of skin hyper-
sensitivity, corresponding to the ninth thoracic and first 
lumbar vertebrae, is generally found on the right side 
of the body. Acute enlargement of the liver is frequently 

painful (because of stretching of the capsule and trac-
tion on the hepatic ligaments); this condition and the 
shoulder pain on the right side reflect innervation by the 
phrenic nerve. Biliary tract pains are felt either as cir-
cumscribed tenderness in the gallbladder region or as 
colicky pain. Pain radiates to the back just below the tip 
of the right scapula, to the right shoulder, to the sub-
sternal area, and sometimes also to the anterior left 
chest. Involvement of the subserosa produces sharply 
defined knifelike pain associated with hyperesthesia of 
the skin.



	 Liver:	PART	III

20	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-19	
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Congenital and familial hyperbilirubinemias can be 
divided into conjugated and unconjugated hyperbiliru-
binemias. Unconjugated hyperbilirubinemia results 
from blockages at the level of uptake of unconjugated 
bilirubin by the hepatocyte (1) and prior to conjugation 
(2). Conjugated hyperbilirubinemia occurs from block-
age at the point of excretion of bilirubin into the cana-
liculus (3) or downstream from the point of excretion. 
Unconjugated bilirubin passes through the liver cell 
membrane facing the sinusoid, probably without the 
participation of the Kupffer cell, and is conjugated by 
the enzyme glucuronyl transferase, with glucuronic 
acid. This acid is derived from glucose, linked to uridine 
phosphate, and oxidized to uridine diphosphate  
glucuronic acid. The promptly reacting bilirubin  
glucuronide is excreted into the bile.

Bilirubin transport through the liver cell may be par-
tially or completely blocked at any of four sites. Uptake 
of unconjugated bilirubin by the liver cell may be 
blocked at the sinusoidal surface by multiple causes, 
including conditions with reduced hepatic blood flow, 
such as congestive heart failure and portosystemic 
shunting. Whether inherited disorders such as Gilbert 
syndrome do this is less clear.

Gilbert syndrome, the most common disorder of bili-
rubin glucuronidation, results from a defect in the  
promoter of the gene that encodes the enzyme  
uridine diphosphoglucuronate-glucuronosyltransferase 
1A1 (UGT1A1), resulting in reduced hepatic bilirubin-
UGT activity. The disease is benign but presents as 
episodes of mild jaundice, which are typically triggered 
by fasting, hemolysis, intercurrent febrile illness, stress, 
physical exertion, and other situations that may increase 
bilirubin production. Despite the episodes of mild jaun-
dice, there is no liver injury and liver enzymes are not 
increased. The prognosis for patients with Gilbert syn-
drome is similar to that of the general population.

By contrast, patients who have absence or deficiency 
of glucuronyl transferase, as found in Crigler-Najjar 
syndrome, have significant rates of morbidity and mor-
tality. As opposed to Gilbert syndrome, in which the 
defect is in the promoter region, the defects in Crigler-
Najjar syndrome are caused by a variety of alterations 
to the coding sequences of the UGT1A1 gene. This 
results in abnormal protein production and absent (type 
1 Crigler-Najjar syndrome) or very low (type II Crigler-
Najjar syndrome) hepatic UGT1A1 activity. In type I 
disease, in which levels can reach more than 20 to 
50 mg/dL, kernicterus can develop if intervention  
is not rapid. Short-term treatments, such as photo-
therapy and plasmapheresis, and long-term treatments, 
such as liver transplantation, are necessary for afflicted 
individuals.

Inherited disorders that cause conjugated hyperbili-
rubinemia involve blocks at the level of the biliary 
excretion of conjugated bilirubin (3) or downstream of 
the point of excretion (4). There is an increase in serum 
conjugated and unconjugated bilirubin. These disor-
ders, including Dubin-Johnson syndrome, Rotor syn-
drome, progressive familial intrahepatic cholestasis, and 
benign recurrent intrahepatic cholestasis, are caused by 
multiple different defects, some which have been iden-
tified and others not. Dubin-Johnson syndrome and Rotor 
syndrome have similar phenotypes characterized by mild 
fluctuating conjugated and unconjugated hyperbilirubi-
nemia associated with an excellent prognosis. The 
genetic defect in Dubin-Johnson syndrome is in the 

multidrug- resistance–associated protein-2 component 
of the bile transporter. The defect in Rotor syndrome 
has not been molecularly identified but is thought to  
be related to a defect in hepatic storage of conjugated 
bilirubin rather than of excretion into the canaliculi. 
Dubin-Johnson syndrome is associated with accumula-
tion of a golden-brown pigment in the liver cells which 
causes the liver to appear black. Progressive familial 
intrahepatic cholestasis is a heterogeneous group of dis-
orders, characterized by various defects in the secretion 

of bile acid and other components of bile. With the 
exception of benign recurrent cholestasis, these disorders, 
which present in childhood or infancy, are associated 
with growth failure and progressive liver disease.

The fourth block occurs downstream at the point of 
secretion of bile into the canaliculi. Two well-described 
disorders, Alagille syndrome and abnormalities of villin 
gene expression, result in structural defects in the bile 
canalicular structure and are associated with chronic 
cholestasis.
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The development of ductules and bile ducts depends 
upon organizing influences. Disturbances of develop-
ment lead to an irregular arrangement of the ducts, 
resulting in solid nodules or in cysts. Small irregular 
proliferations of ductules and bile ducts, surrounded  
by excessive fibrotic tissue, appearing as small white 
nodules, are a frequent incidental finding in biopsy and 
autopsy specimens. The narrow cavities form an irregu-
lar plexus, usually connected with the biliary system and 
often containing small bile calculi. The significance of 
these hamartomas, also called multiple bile duct adeno-
mas, lies in their differentiation from inflammatory 
lesions.

The same embryologic disturbance leads to cyst for-
mation when the hamartomatous cavities become large 
or communicate with each other. The large ones are 
found mostly in adults, indicating that they grow during 
life. Occasionally, single large cysts are observed, which 
cause pressure symptoms. More frequent is polycystic 
disease of the liver, which is, in at least half of cases, 
associated with polycystic disease of the kidney and, 
though not so regularly, with pancreatic cysts. Some-
times other anomalies, such as aneurysms of the cere-
bral arteries, are encountered simultaneously. The 
lesion is often familiar. Exceptionally, this hepatic 
involvement may produce upper abdominal pain and a 
feeling of fullness, without functional impairment. This 
mostly occurs in the fourth and fifth decades. Malignant 
degeneration seems to be rare. The health of the patient 
is primarily influenced by the renal involvement. The 
hepatic cysts are lined by a cuboidal epithelium, which 
is often desquamated. Their lumen contains a clear 
yellow fluid. Other hepatic cysts are parasitic or, less 

commonly, caused by accumulation of blood, lymph, 
and bile. Ciliated cysts are derived from misplaced 
intestinal endoderm, or they may be teratoid.

Riedel lobe is a tonguelike extension of the right lobe, 
projecting from the anterior margin around the gall-
bladder. As a rule, the projection is 1 to 2 inches long, 
irregularly shaped, and narrow at its neck. Exception-
ally, it is very long and extends into the pelvis. Some-
times the neck is thinned to a freely movable pedicle, 
consisting mainly of fibrosed tissue. The liver tissue in 

the lobe itself is mostly normal, but it may exhibit 
fibrosis or bile stasis if the blood supply and bile drain-
age in the pedicle are compromised. The Riedel lobe is 
either a congenital anomaly or of unknown cause, but 
it is benign. The main clinical significance of the Riedel 
lobe lies in unusual palpatory findings in the area of the 
gallbladder, which can be readily mistaken for a dis-
tended gallbladder, tumor in the omentum, or pancre-
atic cyst. A Riedel lobe can be mistaken on imaging for 
hepatomegaly.
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The liver, ranking first in size as a parenchymal organ, 
takes also first position in number, variety, and com-
plexity of functional accomplishments. Only the most 
essential features of the liver’s physiology and those 
which are of principal interest for the practice of medi-
cine are illustrated and discussed in the following pages 
of this section. In the accompanying plate an attempt 
has been made to present a classifying and summarizing 
survey.

Holding a strategic position between the intestinal 
and general circulation and harboring, according to its 
dimensions, a large amount of blood and extracellular 
fluid, the liver exercises a major influence on the volume 
of circulating blood and its constituents. The liver acts 
as a sponge or “flood chamber,” which can be filled or 
congested, as in failure of the right heart. The “filter 
action” of the liver also results from its peculiar ana-
tomic location, because all nutrients, and also injurious 
materials absorbed by the intestines, are brought to the 
organ via the portal system. The effect of the liver on 
water and electrolyte balance, though it is regulated 
mainly by the kidneys, lungs, adrenals, and hypophysis, 
should not be underestimated, not only because of the 
large parenchymal mass of the organ but also because 
all the ingested water and salts pass through the liver 
before entering other extracellular departments.

The hexagonal, epithelial liver cells have multitudinous 
and very diversified functions. They are the site of the 
chemical transformations that make body constituents 
from foodstuffs or their digested breakdown products 
and that correlate the three main categories of organic 
body material, so that the totality of the liver cells 
becomes a great “metabolic pool” of the organism. The 
versatility of this central chemical laboratory of the 
organism, together with the liver’s storage capacity for 
glycogen, proteins, fats, and vitamins, is of the utmost 
significance for the energy economy of the entire body. 
The liver stores these organic materials not only for its 
own need but to satisfy the needs of distant organs. It 
gives glucose to the blood to maintain the sugar level and 
to supply energy for all vital phenomena. The liver cells 
form many of the serum proteins to provide forces for 
the oncotic pressure of the plasma or to be used as a 
transport vehicle for water-insoluble compounds or as 
coagulating factors or to fulfill enzymatic functions and 
other functions.

The epithelial hepatic cells, furthermore, protect the 
organism from injurious agents by a variety of detoxifica-
tion processes, which yield substances deprived of detri-
mental properties.

The bile, also manufactured by the epithelial cells, 
contains the characteristic bile pigments, salts of bile 
acids, cholesterol, and a number of other components. 

It is excreted into the bile capillaries and leaves the liver 
through the intrahepatic bile duct system to reach the 
duodenum via the extrahepatic bile tract.

The Kupffer cells, besides functioning as endothelial 
cells like others elsewhere in the organism, represent 
the quantitatively most important part of the reticulo-
endothelial system. These cells are concerned with the 
breakdown of hemoglobin to bilirubin, participate in the 
formation of γ-globulin and immune bodies, and act as 

scavenger cells that remove by phagocytosis pigments, 
bacteria, and other corpuscular or macromolecular 
elements.

The liver’s vascular system serves the proper intrahe-
patic blood distribution by sphincter actions. The two 
blood supplies (hepatic artery under high pressure and 
portal vein under low pressure) are harmonized. The 
hepatic sinusoids differ from other capillaries in that 
they have a greater permeability for proteins.
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innate immune system  
anD liver

The liver serves a central role in the immune system. 
As the largest solid organ in the body, the liver has a 
dual blood supply. In addition to the conventional arte-
rial blood supply from the hepatic artery (which is fed 
by the aorta), the liver is also the main drainage system 
for the gastrointestinal tract, with about 80% of its 
blood supply coming from the portal vein. As a result, 
it is exposed to blood that has a rich supply of bacterial 
products (including endotoxin), environmental toxins, 
and food antigens. As the gateway to the systemic blood 
system, the liver serves important roles as the first line 
of defense and as an immune modulator. It is estimated 
that approximately 30% of the total blood flows through 
the liver every minute, and with this blood is carried all 
the immune cells, such as lymphocytes, that may circu-
late throughout the body.

In its essential role as the immune regulator, the 
unique anatomic structure of the liver is important. In 
addition to the parenchymal cells, the hepatocytes 
(which constitute approximately 80% of all the cells in 
the liver) and the remaining nonparenchymal cells 
(which include a wide array of cells) are essential to the 
immune system. These include endothelial cells, stel-
late cells, Kupffer cells, and lymphocytes. The liver 
sinusoidal endothelial cells (LESC) form a monolayer 
between the hepatocytes and the portal blood supply. 
Unlike traditional veins, the sinusoids in the liver have 
sievelike fenestrations that allow for greater contact 
between the cells that come through the sinusoids, such 
as lymphocytes, as well as other components in the 
portal blood. In the space of Disse between the sinusoids 
and the hepatocytes, there are many interactions that 
may be critical for immune function. LESC, which 
make up the bulk of the nonparenchymal cells (≈50%), 
express receptors supporting their role in the immune 
response, including molecules such as the mannose 
receptor and scavenger receptor, which promote 
antigen uptake. They even express major histocompat-
ibility class I and II molecules and costimulatory mol-
ecules CD40, CD80, and CD86, which are important 
for antigen uptake.

Next to the LESC in the sinusoidal vascular space 
are Kupffer cells or hepatic macrophages. Kupffer cells 
account for approximately 20% of nonparenchymal 
cells in the liver and are the largest group of fixed mac-
rophages in the body. They are localized in the peri-
portal area but can migrate to different areas, including 
through the space of Disse to make direct contact with 
hepatocytes. Kupffer cells are very heterogeneous and 
can perform many specialized functions, including 
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phagocytosis and antigen processing and presentation. 
Kupffer cells can also generate various products, includ-
ing cytokines, prostanoids, nitric oxide, and reactive 
oxygen intermediates. These factors regulate not only 
the phenotypes of the Kupffer cells that produce them 
but also the phenotypes of other immune cells, such as 
natural killer cells and natural killer T cells.

The liver also has a very large population of T cells, 
including nonconventional T cells. In addition to the 
conventional CD8- and CD4-positive T cells, the liver 

also has many natural killer T cells and TCRγδ T cells. 
In fact, the liver has more natural killer T cells than any 
other organ. Natural killer T cells constitute up to 30% 
of all T cells in the liver, a situation very different from 
other parts of the body. The liver is also one the richest 
sources of γδδ T cells. The reason for this unique com-
position of immune cells is not known, but their pres-
ence likely plays an important role in both the first line 
of defense against microorganisms and in regulation of 
the immune response.
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prothromBin formation

Several plasma proteins involved in the complex process 
of blood coagulation, such as factors I (fibrinogen), II 
(prothrombin), V, VII, IX, X, XII, and XIII, are manu-
factured by the liver. The capacity to make prothrom-
bin as well as factors VII, IX, and X depends on the 
availability of vitamin K1, a naphthoquinone derivative, 
ingested with food or formed by intestinal bacteria. 
This naturally occurring vitamin, existing in two chem-
ically different forms (K1 and K2), is water-insoluble due 
to long carbon side chains and requires bile acids for  
its absorption. A synthetic water-soluble naphthoquinone 
without side chains (menadione) can substitute for the 
natural vitamin.

The prothrombin time, which measures the time it 
takes for prothrombin (factor II) to be converted to 
thrombin (activated factor II), is a very useful measure 
of the body’s coagulation function and liver function. 
The liver produces, furthermore, a number of factors 
necessary for the conversion of prothrombin into 
thrombin (factors V, VII, and X). If these factors are 
deficient, the effects in liver disease parallel those of 
prothrombin lack.
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Prothrombin formation is impaired in obstructive 
jaundice, because the absence of bile prevents vitamin K 
absorption, as well as in conditions with liver cell 
damage, because bile acid production is deficient and, 
more so, because the liver’s ability to create prothrom-
bin is fundamentally lost. Accordingly, parenteral 
administration of menadione restores prothrombin for-
mation and therewith normalizes the prothrombin 

time; if the liver cells are damaged, however, parenteral 
administration does not serve these functions, or does 
so only temporarily. For this reason, parenteral  
administration of menadione can differentiate between 
vitamin K deficiency and liver dysfunction as the cause 
for a prolonged prothrombin time, and it will improve 
clotting in obstructive jaundice but not when there is 
liver dysfunction (liver cell damage).
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physiCal Diagnosis of  
liver Disease

The clinical diagnosis of liver disease is not difficult  
in advanced hepatic decompensation. A history of deep-
ening jaundice, dark urine, light stools, progressive 
increase in girth of the abdomen, and subjective symp-
toms of weakness, anorexia, and other digestive difficul-
ties focus the attention of the clinician upon the liver.

Icterus (i.e., more or less deep staining of the skin, 
sclerae, and mucous membranes) may be present in 
extrahepatic obstructive jaundice, as well as in hepato-
cellular injury. The icterus present in prehepatic 
(hemolytic) jaundice, however, usually does not stain 
the tissues as deeply as in the other forms. In hepatic 
and posthepatic jaundice, the urine is dark and the feces 
are light, particularly if the jaundice is deep. In prehe-
patic jaundice, on the other hand, bilirubin does not 
appear in the urine, but the urine may be dark due to 
increased amounts of urobilin. For the same reason, the 
feces in prehepatic jaundice are also dark. It is impor-
tant to remember that in certain advanced cases of liver 
disease little or no jaundice may be apparent.

The appearance of spider nevi or telangiectasias, gyne-
comastia, palmar erythema, testicular atrophy, fine skin, 
sparsity of body hair, and prostatic atrophy is generally 
believed to be due to hyperestrogenism. Despite the 
fact that these changes are secondary, their appearance 
frequently helps to establish the diagnosis.

The detection of an enlarged or a tender liver is seen 
in patients with biliary cirrhosis or alcoholic or nonal-
coholic fatty liver disease. With a primary or secondary 
hepatic neoplasm, the liver may be massively enlarged 
and nodular. In congestive heart failure or constrictive 
pericarditis, the liver may also be enlarged and tender. 
In other types of cirrhosis, the organ may be very small 
and not palpable.

The presence of splenomegaly, ascites, and caput 
medusae raises the suspicion of portal hypertension, 
though the spleen may be enlarged in patients with 
parenchymal liver disease without portal hypertension 
(e.g., in congestive heart failure).

In moderately severe and advanced cases of hepatic 
disease, particularly when hepatic coma has supervened, 
a foetor hepaticus is often discerned by the trained clini-
cian. This odor is distinctive but difficult to describe. It 
is a musty, sweetish odor, not unpleasant, which at times 
is more easily detected by the physician upon entering 
the sickroom than when he or she is close to the patient. 
Although it may disappear following enemas or drastic 
bowel movements, and though it is sometimes observed 
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in mild or chronic forms of liver disease, foetor hepati-
cus is mostly to be considered of grave prognostic 
significance.

Clubbing of the fingers and whitening of the nail beds are 
seen in some patients with cirrhosis of the liver when 
there is the development of hepatopulmonary syn-
drome. These signs are not specific for hepatic disease. 
Severe pruritus, with or without jaundice, may be the 
outstanding symptom in patients with the cholestatic 
type of liver disease and is frequently present in 

posthepatic jaundice. The pruritus is thought to be due 
to an increased concentration of bile salts in the blood-
stream. Elevated alkaline phosphatase and serum cho-
lesterol are frequently seen in association with the 
pruritus; they are the outstanding features of so-called 
primary biliary cirrhosis.

Presacral and ankle edema, often notable in patients 
with advanced liver disease, is primarily the result of 
lowered serum albumin and sodium; free water reten-
tion is considered a contributive factor.
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liver funCtion tests

Liver function tests are a panel of serum biochemical 
tests used to diagnose and monitor liver disease. 
Although generally referred to as liver function tests, 
serum aspartate transaminase (AST), alanine transami-
nase (ALT), and alkaline phosphatase tests should more 
appropriately be named liver injury tests because they 
may represent markers of liver injury. Albumin and 
bilirubin levels and prothrombin time are more appro-
priately known as markers of liver synthetic function. 
Patterns of liver injury test elevations are useful in the 
diagnosis of liver disease. Patients with hepatitis or 
acute hepatic necrosis will have a pattern of liver injury 
tests that show marked increases in the serum transami-
nases (AST and ALT), and those with cholestasis (either 
intrahepatic or extrahepatic) will have marked increases 
in alkaline phosphatase and bilirubin relative to the 
serum transaminases.

Serum transaminase elevations usually reflect damage 
to hepatic parenchymal cells which results in increased 
cell membrane permeability and leakage of these 
enzymes into the circulation. Although this finding is 
most likely due to liver injury, it is important to recog-
nize that similar elevations may occur with damage to 
other tissues; production of AST and, to a lesser degree, 
ALT may occur in damage to the heart, muscle, intes-
tine, pancreas, and other tissues.

Although alkaline phosphatase can be derived from 
injury to cholangiocytes, alkaline phosphatase is also 
found in appreciable amounts in the bone-forming 

cells, or osteoblasts, which can also release the enzyme 
into the blood. The serum alkaline phosphatase activity 
is elevated with increased osteoblastic activity. It is very 
high in such bone diseases as rickets, osteomalacia, and 
Paget disease. It is moderately elevated with most car-
cinoma metastases to bone, especially so if they are 
osteoblastic. In myeloma, the activity is not elevated. 
Alkaline phosphatase is also delivered to the blood from 
the intestinal wall.

In many hepatobiliary diseases, alkaline phosphatase 
is also elevated. Some alkaline phosphatase is normally 
excreted in the bile, and, therefore, interference with 
bile flow may lead to an increase in the serum activity 
of alkaline phosphatase. In addition, there may be 
release from damaged hepatocytes and induction of 
these enzymes by processes that damage the biliary 
epithelia, including biliary obstruction or cholestatic 
liver disease.
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From the quantity of bile pigment excreted, the rate of 
hemoglobin turnover has been calculated to be 16 to 
24 g/day under normal conditions. Of the available 
pathways of hemoglobin breakdown, the one via the 
bile pigments is the most important. The site of bile 
pigment formation is the reticuloendothelial system, of 
which the Kupffer cells are a part. The excretion of bile 
pigment, however, is the task of the parenchymal liver 
cells. Any defect in this excretion process, either because 
of liver cell damage or because the liver is unable to 
cope with the quantity of bile pigment, leads to jaun-
dice. The increase of bilirubin in the blood results in 
its appearance in the urine.

Most of the hemoglobin molecule (96%) for each 
species is globin, a specific protein to which the pigment 
radicle, heme, is attached. Heme consists of four pyrrole 

rings connected by methene (–CH) bridges, forming a 
ring, inside of which a bivalent iron atom is bound. 
Hemoglobin is released when red blood cells are 
destroyed. Its breakdown starts by an opening of the 
tetrapyrrole ring structure at one of the methene 
bridges. The resulting biliverdin-iron-globin (verdohe-
moglobin) loses its iron and globin and becomes bili-
verdin, which is subsequently reduced to free or 
unconjugated bilirubin. This pigment, soluble in lipids 

but only slightly soluble in water, gives the red diazo 
reaction (with sodium nitrite and sulfanilic acid) of van 
den Bergh; however, this is possible only after special 
treatment of the pigment to increase its water solubility 
(e.g., by the addition of alcohol, caffeine, or urea).  
For this reason, the pigment has also been called 
indirect-reacting, unconjugated bilirubin (or heme biliru-
bin, bilirubin B, or bilirubin globin). Unconjugated 
bilirubin is taken up by liver cells, which conjugate it. 
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A water-soluble bilirubin diglucuronide forms, which 
shows the van den Bergh reaction without pretreat-
ment. This form has been designated as prompt (direct)-
reacting bilirubin (conjugated bilirubin).

Conjugated bilirubin passes from the liver cells into 
the bile canaliculi and flows from there into the biliary 
passages. If it is retained there for protracted periods, it 
can be oxidized to biliverdin. Under normal conditions, 
conjugated bilirubin eventually reaches the intestines, 
where it is reduced by intestinal bacteria into several 
compounds, mainly the colorless mesobilirubinogen 
and stercobilinogen, both being designated collectively 
as urobilinogen. Only with the suppression of bacterial 
flora by antibiotics or with increased peristalsis in diar-
rhea does bilirubin appear in the feces. The main fecal 
pigment is urobilin, the intestinal oxidation product of 
a part of the urobilinogen compounds. Approximately 
one third of the urobilinogen formed from bilirubin is 

reabsorbed and returned by the portal bloodstream to 
the liver. The bulk of the reabsorbed portion is trans-
formed back into bilirubin, completing an enterohe-
patic circulation.

A very small amount of urobilinogen escapes the liver 
and appears in the urine. Oxidizing bacteria may trans-
form urobilinogen into urobilin either in the bladder 
or, more frequently, in urine that has been left standing 
too long before examination. One should be mindful 

that this type of urobilin formation may lead to errone-
ous diagnostic interpretations.

Although bilirubin accounts for the color of bile and 
serves an important function in hemoglobin metabo-
lism and elimination, the biliary pathway also serves 
many other important functions. The predominant 
components of bile are bile acids, which are synthesized 
by hepatocytes and excreted via specialized receptors 
into the bile canaliculi to the gastrointestinal tract, 

BiliruBin anD Bile aCiD 
metaBolism (Continued)
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HEPATIC PROTEIN AND BILE ACID METABOLISM:
NORMAL SERUM PROTEIN AND CLOTTING FACTORS AND CHOLESTASIS
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cellular damage inhibits synthesis of proteins and clotting factors and limits
detoxification
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where they facilitate the formation of the micelles 
needed for absorption of dietary fat and fat-soluble vita-
mins. Bile acids also have many other functions related 
to interactions with the intestinal epithelium. In addi-
tion, the biliary pathway is important for the transport 
of cholesterol to the gastrointestinal tract and elimina-
tion of lipid-soluble toxins, drugs, metals, and other 
substances. Many organic anions and cations are 
excreted in the bile, such as drugs and toxins. Other 
components of bile include hormones, vitamins, cyto-
kines (such as tumor necrosis factor and leukotrienes), 
and divalent cations such as copper. In fact, as an impor-
tant component of body copper regulation, chronic 
cholestasis leads to excess copper accumulation in the 
liver. Thus it is not surprising that Wilson disease (a 
copper storage disorder) is caused by the loss of 

function mutations in the ATPB7 gene, which regulates 
copper excretion from the biliary tract. In addition, bile 
contains albumin, lysosomal enzymes, haptoglobin, and 
secretory immunoglobulin A, all of which likely serve 
important immune functions in the gastrointestinal 
tract.

Primary bile acids are synthesized by bile, and sec-
ondary bile acids are the result of bacterial action by 

gastrointestinal bacteria. Both primary and secondary 
bile acids are resorbed and recycled through the liver, 
and only small amounts are lost in the feces. Extrahe-
patic obstruction or intrahepatic disorders result in 
cholestasis, which leads to loss of bile acids in the stool 
and elevates systemic bile acid levels. With cholestasis, 
there are decreased serum proteins and clotting factors, 
which can lead to weight loss and easy bruising.

BiliruBin anD Bile aCiD 
metaBolism (Continued)



	 Liver:	PART	III

30	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-29	

Laparoscopic technique

Klatskin biopsy needle

Midaxillary line

In
te

rc
os

ta
l s

pa
ce

7
8
9

1. Saline (1 mL) injected to expel
     tissue fragments from needle

2. Maximum aspiration exerted on syringe

3.  Breath held in expiration, while needle
     pushed to maximum depth with quick
     rectilinear movement without rotation;
     aspiration maintained

4. Needle withdrawn rapidly
     without rotation; aspiration
     maintained

7th to 9th intercostal
space in midaxillary line

(Biopsy specimen recovered by
expelling saline from syringe)

Laparoscopic needle biopsy Laparoscopic excision biopsy

PERCUTANEOUS SUCTION AND LAPAROSCOPIC TECHNIQUES

liver Biopsy

The microscopic examination of liver tissue, obtained 
by biopsy, is an important tool in the diagnosis of liver 
disease. It provides important basic information on 
potential causes of liver disease, as well as prognostic 
information based on the degree of damage and 
fibrosis.

Liver biopsy can be performed in several ways. 
Wedge specimens, obtained from the free edge of the 
liver during surgery (either laparoscopic or open), may 
be useful but may also be unsatisfactory because sub-
capsular fibrosis is accentuated on the free edge to the 
extent that an almost normal liver may appear to be 
cirrhotic. Specimens should be excised from the ante-
rior aspect of the liver, or a needle biopsy of the more 
central parts may be obtained. The procedure is best 
performed at the beginning of the operation, in order 
to minimize the observation of misleading, nonspecific 
tissue alterations, particularly focal necrosis with leuko-
cytes, which may result from the operation per se.

Liver biopsy can be performed percutaneously either 
blindly or with ultrasound guidance. The patient is 
placed in a supine position with arms above the head 
and legs positioned to increase the intercostal space. 
The liver is localized with percussion, and a suitable 
area in the intercostal space is identified in the midaxil-
lary line. Localization can also be made and confirmed 
by ultrasound.

Multiple different needles are available but can be 
categorized as two types: an aspiration/suction needle, 
such as the Jamshidi, Menghini, or Klatskin needle, or 
a cutting needle, such as the Tru-Cut, Vim-Silverman, 
or spring-loaded automatic device. With the aspiration 
needles, a syringe usually containing saline is attached. 
After local anesthesia is placed, the needle is inserted 
into the subcutaneous tissue. A small amount of fluid is 
injected to remove tissue fragments from the needle 
lumen. The plunger is retracted, creating suction in the 
syringe, and the needle is advanced into the liver at the 
end of an expiration or while the breath is held in expi-
ration. The instrument is withdrawn quickly, aspiration 
being maintained. The diameter of the specimen is rela-
tively small, but not distorted, and is sufficient in diffuse 
hepatic diseases such as hepatitis. The technique is 
readily applied in small children and in other uncoop-
erative persons. Larger specimens, thus obtained, are 
particularly advantageous in detecting focal lesions such 
as granulomas or carcinomas.

With the cutting needles, a split needle is passed 
through a cannula and advanced into the liver, where 
the beveled halves punch out a small core. The cannula 
is advanced over the needle, so that both halves are 
brought together, trapping some tissue. The entire 
instrument is then quickly withdrawn.

With any technique, the specimen can be extruded 
from the needle into a glass tube in which it can be 
inspected with transillumination, frequently permitting 
a macroscopic diagnosis. In cirrhosis, nodules can be 
seen, and the specimen readily breaks into small pieces. 
In severe cholestasis, the specimen appears green, in 
hemochromatosis it is brown, and granulomas or tumor 
metastases may be recognized as white nodules.

In addition to the percutaneous approach, liver biopsy 
can also be performed via a transjugular approach. This 

is indicated in patients with a bleeding tendency such as 
coagulopathy, ascites, or other disorders precluding a 
percutaneous approach. The theoretical advantage of a 
transjugular approach is that if bleeding were to occur, 
it would occur into the vascular space. Contraindica-
tions to liver biopsy are significant hemorrhagic tenden-
cies, infections, and a dilated, aberrant bile duct on the 
surface of the liver. Further risks of lacerating the liver 
occur with intraperitoneal hemorrhage, bleeding from 

tumor tissue, and fracture of a liver containing amyloid. 
Additional hazards include laceration of an intercostal 
artery, perforation of the gallbladder or bile ducts, and 
pneumothorax. The most common risks are pain and 
bleeding, with the risk of a fatal complication at around 
1 in 10,000 patients. Careful consideration of the indica-
tions for biopsy and vigilant observation of the patient 
following the procedure will sharply reduce the chance 
of dangerous complications.
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Positioning of 
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space

Probe generates vibration that 
creates a shear wave with 
consistent frequency and energy. 
Low energy ultrasound follows 
the propagation of the shear 
wave through the liver tissue.

Liver stiffness is computed from the 
shear wave propagation map and is 
expressed in kilopascals.
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noninvasive assessments for 
hepatiC fiBrosis

Accurate staging of hepatic fibrosis is important for the 
prediction of patient prognosis and response to treat-
ment in liver disease. Liver biopsy is considered the 
gold standard for the diagnosis of pathologic conditions 
of the liver and the staging of fibrosis, but it has several 
drawbacks. It is invasive and expensive and associated 
with a mortality rate of approximately 0.2% for all 
causes. It can be inaccurate owing to sampling error 
from the irregular distribution of pathologic changes. 
Several noninvasive tests have been developed, most 
commonly for patients with chronic hepatitis C and 
nonalcoholic fatty liver disease (NAFLD); they can be 
divided into serum markers and imaging modalities. 
Testing aims to differentiate between minimal fibrosis 
(stage 0 to 1 out of 4) and significant fibrosis (higher 
than stage 2 out of 4), but up to 50% of tests will fall 
in the indeterminate range. A combination of serologic 
testing and imaging can improve accuracy. Practice 
guidelines have now incorporated a few noninvasive 
tests into the recommendations for determining the 
presence of advanced fibrosis, but biopsy is still typically 
recommended for prognosis and treatment decisions.

SERUM MARKERS

Most scoring systems use a combination of direct 
markers, which are proteins derived from structural 
proteins of the fibrotic matrix or inflammatory media-
tors involved in fibrogenesis or fibrolysis, or indirect 
markers, which are simple biochemical tests that are 
thought to correlate with the progression of fibrosis but 
are not directly involved in the process. Indirect markers 
are attractive given their wide availability and lower 
cost. Examples of these algorithms include APRI (AST/
platelet ratio), FIB-4 (platelet count, AST, ALT, and 
age), and NAFLD fibrosis (age, body mass index, plate-
let count, AST, ALT, presence of diabetes/glucose intol-
erance, albumin) scores. APRI and FIB-4 scores are 
used primarily in chronic hepatitis C, where a score of 
1.0 or higher or 3.25 or higher predicts cirrhosis with 
72% and 97% specificity, respectively. The NAFLD 
fibrosis score is used in patients with the disease, where 
a score of higher than 0.675 predicts advanced fibrosis 
with 98% specificity. There are also several proprietary 
tests in which several indirect markers are used; they 
are mainly studied in Europe and the United States in 
patients with hepatitis B or C, including the FibroTest/
FibroSure, ActiTest, and Hepascore, which have had 
good accuracy in studies.

IMAGING STUDIES

Standard imaging techniques, such as ultrasound,  
computed tomography (CT), and magnetic resonance 
imaging (MRI), can detect advanced cirrhosis, but 
usually only once the complications of portal hyperten-
sion have developed. Specialized ultrasound and mag-
netic resonance elastography techniques can assess liver 
stiffness by measuring the velocity of a mechanical pulse 
as it travels through the liver tissue. The velocity 
increases as the liver stiffness (fibrosis) increases. Mag-
netic resonance elastography is less studied, but its 
results seem to be similar to those of ultrasound-based 
transient elastography, or FibroScan. FibroScan mea-
sures liver stiffness (and, therefore, fibrosis) and can 
predict complications such as large varices and surgical 
risk in patients with known cirrhosis. A pulse is deliv-
ered through a transducer placed over an intercostal 

space and measured by pulse-echo ultrasound. The 
results are expressed in kilopascals (kPa), ranging from 
2.5 to 75 kPa; values differ according to the cause of 
liver disease. In general, normal liver stiffness is lower 
than 5 kPa and definitive cirrhosis is higher than 15 
kPa. A series of 10 pulses is measured to ensure uniform 
results and accurate velocity measurements. This tech-
nique has been studied most extensively in patients with 
chronic hepatitis C virus infection; it has shown supe-
rior results in diagnosing cirrhosis compared with most 
serologic tests, with a sensitivity and specificity of 

approximately 95%. There are limitations with this 
technique, including a limited depth of penetration 
(important in obese patients); this problem has led to 
the development of a larger probe. Hepatic steatosis 
and inflammation can affect shear wave propagation 
and accuracy.

Other imaging techniques include real-time shear 
wave elastography and acoustic radiation force impulse 
imaging; their efficacy seems to be similar to that of 
transient elastography, but they provide much less data 
and clinical use.
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Ultrasonography routinely used
to differentiate extrahepatic
cholestasis from intrahepatic
disease

Normal liver ultrasound

Intrahepatic
disease.
Normal
caliber
bile ducts

Extrahepatic
obstruction.
Dilated
bile ducts

ULTRASOUND

imaging stuDies of liver

Over the past few decades, there have been tremendous 
advances in medical imaging technology which have 
made radiologic imaging a standard for the care of 
patients with liver disease. Ultrasound, CT scanning, 
and MRI now produce images with high resolution and 
are routinely used in clinical practice.

ULTRASOUND STUDIES

Abdominal ultrasound is often the first diagnostic 
imaging technique used to examine liver disease because 
of its wide availability, portability, and ease of use. With 
standard liver ultrasound, intravenous access is not 
needed, and there is no ionizing radiation. The tech-
nique is based on transmitting targeted sound waves of 
varying frequencies through the tissue and detecting 
the reflected waves. The computerized conversion of 
these signals results in images on a screen that reflects 
differential acoustic properties of the tissue and can be 
extrapolated to give anatomic and textural information. 
Solid or cystic lesions can be detected by ultrasound. 
Ultrasound is usually the preferred study for screening 
for hepatocellular carcinoma in patients with cirrhosis. 
In patients with fatty liver, ultrasound can be useful in 
detecting evidence of fat. Vessel patency can also be 
assessed with the Doppler technology; one can detect 
important clinical scenarios such as portal vein throm-
bosis or assess patency of a previously placed shunt  
such as the transjugular intrahepatic portosystemic 
shunt (TIPS).

Ultrasound is particularly useful for evaluating the 
gallbladder and gallbladder pathologic conditions. It 
also allows for detection of intrahepatic and extrahe-
patic biliary dilatation. It is often the first test used in 
a patient with right upper quadrant pathologic condi-
tions. It can rule out gallstones or gallbladder wall 
thickening, which may represent inflammation or may 
be a sign of common bile duct stones.

In addition to its use for diagnostic purposes, ultra-
sound is also used to guide needle placement in the 
correct anatomic space in interventional procedures 
such as paracentesis and liver biopsy.

COMPUTED TOMOGRAPHY

CT scanning is superior to ultrasound in imaging the 
hepatobiliary system, except for the gallbladder. CT is 

not as operator dependent as ultrasound and  
provides a more thorough and detailed evaluation of  
the liver and other abdominal structures. Unlike  
ultrasound, CT scans are not limited by overlying  
gas patterns or ascites. CT images are acquired after 
radiographic beams are transmitted through the patient 
and collected by rotating detectors opposite to the 
beams. The amount of radiation detected is attenuated 
by the tissue being imaged. With processing, anatomic 
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Magnetic resonance imaging of normal liver

Computed tomography of normal liver (left) and normal liver with liver cyst on (right)

COMPUTED TOMOGRAPHY AND MAGNETIC RESONANCE IMAGING

reconstruction can produce two-dimensional and three-
dimensional images. Intravenous iodinated contrast 
material can be infused into the vessels, and by timed 
image acquisition, valuable information can be obtained 
from any potential liver lesion. For example, in the case 
of hepatocellular carcinoma, arterial enhancement of 
lesions timed when the contrast is traversing the hepatic 
artery, followed by reimaging of the liver when contrast 
is in the portal vein, can show the characteristic 
“washout” appearance diagnostic of hepatocellular car-
cinoma. From a clinical standpoint, radiologic diagnosis 
has surpassed tissue diagnosis in patients with underly-
ing cirrhosis. Thus, CT scanning is a useful tool for the 
evaluation of hepatic lesions. In addition to providing 
important information about mass lesions, both benign 
and malignant, CT scanning can provide information 
about the patency of blood vessels and contours of the 
liver. For example, with development of cirrhosis, there 
are characteristic structural changes such as nodularity 
and caudate lobe enlargement that can be easily detected 
on CT. Evidence of portal hypertension can also be 
seen in many areas, such as varices, ascites, and spleno-
megaly. These features can be used in the diagnosis of 
cirrhosis in the absence of liver biopsy.

MAGNETIC RESONANCE IMAGING

MRI is another important technique for hepatobiliary 
imaging. Using a strong magnetic field to align rotating 
protons within tissues, one can release the alignment 
and measure the energy release at different time inter-
vals. Characteristic signal intensity from different 
tissues is dependent on the relative water and fat 
content. Converting the signals to gray-scale cross-
sectional images can provide valuable hepatobiliary 
imaging. T1 and T2 signals indicate the time required 

for protons to fully align with the external magnetic 
field as opposed to the rate at which protons are out  
of phase with respect to adjacent protons. Water is  
dark on T1 images and bright on T2 images, but for 
fat, the darkness and brightness are the other way 
around.

Using MRI and T1 and T2 images, one can differenti-
ate many liver lesions, including cysts, hemangiomas, 

hepatocellular carcinomas, and metastases. In addition, 
there is an opportunity to characterize evidence of 
hemochromatosis and cirrhosis. Contrast-enhanced 
MRI is similar to CT scanning in its ability to further 
characterize liver tumors. In addition to standard  
MRI, magnetic resonance cholangiography can  
provide valuable images of the biliary tree without  
contrast dye.

imaging stuDies of liver 
(Continued)
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LIVER DISEASES CAUSED BY PREGNANCY AND INCIDENTAL TO PREGNANCY 
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liver Disease in pregnanCy

Normal physiologic changes occurring in pregnancy 
may result in altered liver function tests but are not 
evidence for intrinsic liver disease. With progression of 
pregnancy, serum albumin levels drop owing to expan-
sion of the total body volume. Serum alkaline phospha-
tase levels increase because of a rise in placental alkaline 
phosphatase. Serum transaminases, however, are not 
anticipated to change with pregnancy.

Diseases of the liver that occur during pregnancy can 
be divided into three types: (1) liver disease that occurs 
only in pregnancy, (2) liver disease that can occur at any 
time, including during pregnancy, and (3) chronic 
underlying liver disease that is detected during preg-
nancy. Liver diseases that occur only in pregnancy are 
hyperemesis gravidarum, intrahepatic cholestasis of 
pregnancy, liver diseases associated with preeclampsia/
eclampsia (e.g., the syndrome of hemolytic anemia, 
elevated liver enzymes, and low platelets [HELLP syn-
drome]), and acute fatty liver of pregnancy.

Hyperemesis gravidarum is a condition of excessive 
nausea and vomiting that develops during pregnancy. 
This condition is not an intrinsic liver disease but can 
result in abnormalities of liver function. During the first 
trimester, liver function tests can be abnormal in some 
patients. Abnormalities are generally mild, but trans-
aminase levels may occasionally be 20 to 30 times the 
abnormal range. Liver biopsy is usually not necessary 
but can show mild fatty change or no abnormality. The 
liver abnormalities of hyperemesis gravidarum usually 
resolve rapidly when dehydration and nutritional  
deficits are controlled.

Intrahepatic cholestasis of pregnancy (ICP) is a choles-
tatic liver disease that usually appears in the third tri-
mester. It disappears abruptly after delivery but may 
recur with subsequent pregnancies or with use of oral 
contraceptives. It is characterized by the presence of 
pruritus (the sine qua non of this condition) and 
increased bile acids. Pruritus usually occurs at 28 weeks 
but can occur earlier. Mild liver enzyme elevations (par-
ticularly, of serum transaminases) are also noted, with 
mild elevations in alkaline phosphatase. Visible jaundice 
is unusual but can occasionally occur. Elevated bile acid 
levels are very diagnostic; they can vary widely, from 
mildly elevated levels up to levels that are 100-fold the 
upper limit of normal. In patients with severe pruritus 
accompanied by jaundice, fat malabsorption may occur 
with vitamin K deficiency. In a few patients, this will 
result an abnormal prothrombin time.

The mechanism by which ICP occurs is likely a com-
bination of hormonal and genetic factors. Impairment 
of bile formation owing to the cholestatic effects of 
estrogen and, possibly, progesterone during pregnancy 
is superimposed on genetic variances in one or more 
hepatocyte bile transporters. Mutations of the ABCB4 
(adenosine triphosphate–binding cassette, subfamily b, 
member 4) gene, which encodes the hepatic phospho-
lipid transporter MDR3 (multidrug resistance 3), have 
been found in some patients with the disease. Mutations 
in other genes that regulate bile acid transport  
have also been noted, including ATP8B1, ABCB11 
(ATP-dependent canalicular transporter for bile acids), 
and NRH1HA encoding the familial intrahepatic cho-
lestasis 1 protein, and in the bile salt export pump or 
farnesoid X. The pathologic finding in ICP is golden 

yellow–brown bile pigment retained in hepatocytes and 
small dilated canaliculi located between pairs of hepa-
tocytes. Inflammation and hepatocyte necrosis are gen-
erally absent, and the intrahepatic bile ducts in the 
portal tracks appear normal. This finding is pathogno-
monic of intrahepatic cholestasis of any origin and 
differs markedly from the pathologic findings in other 
unique liver disorders of pregnancy.

Pruritus can cause significant distress and morbidity 
in the mother. ICP is not associated with an increased 
rate of maternal death, but the disorder is associated 
with significant rates of perinatal morbidity and mortal-
ity, which appear to be correlated with levels of serum 
bile acids. The fetal complication rate is increased in 
parallel with maternal serum bile acid levels; most of 
the complications occur in women with bile acid levels 
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HELLP SYNDROME AND ECLAMPSIA

HELLP Syndrome (Hemolysis, Abnormal Liver Function Tests, Low Platelets)

Clinical symptoms
Nausea, vomiting
Right upper quadrant pain
Jaundice

Eclampsia

Laboratory findings
• Hemolysis (with schistocytes seen on peripheral

smear)
• Elevated liver function tests
• Low platelet count

Clinical symptoms
• Generalized, tonic-clonic seizure
• Early symptoms may include:

Blurred vision
Severe frontal or occipital headache
Altered mental status

Complications
• Cerebral hemorrhage
 

Complications
• Placental abruption
• Hepatic subcapsular
   hematoma
• Retinal detachment

• Acute kidney injury
• Pulmonary edema
• Disseminated 

intravascular
coagulation (DIC)

greater than 40 µmol. The treatment of choice for 
IHCP is delivery of the infant; once the infant has been 
born, pruritus usually resolves. If the fetus is too imma-
ture to be delivered, symptomatic therapy is recom-
mended. Ursodeoxycholic acid has been shown to 
improve liver function and relieve pruritus in the 
mother and may also benefit the fetal outcome. The 
bile acid binder cholestyramine has been tried but does 
not appear as effective as ursodeoxycholic acid. Because 
fetal hemorrhage has been reported in women with 
severe disease and vitamin K deficiency, vitamin K 
supplementation should be given near term to all 
women with jaundice or prolonged cholestasis.

Unlike hyperemesis gravidarum and ICP, HELLP 
syndrome and acute fatty liver of pregnancy are associated 
with preeclampsia. In fact, HELLP syndrome was first 
described as a distinct entity in a subset of women who 
had severe preeclampsia/eclampsia and liver disease. A 
rare but devastating disease, HELLP syndrome is diag-
nosed by a constellation of symptoms, including micro-
angiopathic hemolytic anemia, thrombocytopenia, and 
elevated liver tests occurring in the third trimester. 
Although the pathogenesis is unknown, the relationship 
with preeclampsia/eclampsia suggests that this is a 
disease of abnormal hepatic endothelial reactivity or 
disruption. The initial event may be abnormal tropho-
blastic implantation leading to reduced tissue perfusion 
and endothelial dysfunction. This endothelial dysfunc-
tion is accompanied by platelet activation and aggrega-
tion. The characteristic liver lesion seen on biopsy is 
fibrin thrombi in the periportal sinusoids, hepatocyte 
necrosis, and periportal hemorrhage.

Acute fatty liver of pregnancy also has some association 
with preeclampsia, but it is not as strong as in HELLP 
syndrome. There is a strong association of acute  
fatty liver of pregnancy with mitochondrial long- 
chain 3-hydroxyacyl-CoA dehydrogenase deficiency 
(LCHAD) in the fetus. LCHAD deficiency in the fetus 
can cause accumulation of long-chain 3-hydroxy-fatty 
acyl metabolites, which are toxic to the liver. It is 
thought that some interaction of the accumulation in 
long-chain 3-hydroxy-fatty acyl metabolite with envi-
ronmental stresses to the mother in the third trimester 
may result in sudden onset of liver failure from acute 
fatty liver of pregnancy. Patients often present with 
nonspecific symptoms, such as nausea, vomiting, and 
right upper quadrant or epigastric pain, associated with 
malaise, headache, and anorexia. Patients typically 
develop progressive jaundice, but pruritus is rare. Acute 
liver failure may ensue, with the onset of severe coagu-
lopathy and hypoglycemia. The serum aminotransfer-
ases can be elevated 10-fold to 15-fold but are relatively 
unimpressive in view of other laboratory evidence of 
fulminant hepatic failure. Liver biopsy shows the diag-
nostic finding of centrilobular microvesicular fatty infil-
tration with little or no inflammation.

During pregnancy, acute liver disease may occur 
coincidentally or chronic disease may be found that 
predated the pregnancy. Common diseases such as viral 
hepatitis may occur more commonly given the risk 
factors present in a young female population. Some 
liver diseases such as gallbladder disease, herpes  
hepatitis, and Budd-Chiari syndrome occur more  
commonly in the setting of pregnancy because of the 

pathophysiologic changes that take place during preg-
nancy. Some patients may exhibit signs of liver disease 
during pregnancy owing to preexisting chronic liver 
disease. In this latter group, the ability to become preg-
nant depends on the severity of the liver disease; 
patients with more active or progressive liver disease 
may not be able to conceive.

In patients with preexisting liver diseases, several 
issues need to be addressed. First, the risk of pregnancy 
depends on the level of portal hypertension. Portal 

pressure increases with each stage of pregnancy; in 
patients with preexisting portal hypertension, the risk 
of variceal bleeding is a major cause of morbidity and 
mortality. Pregnancy has not been shown to aggravate 
quiescent autoimmune hepatitis or Wilson disease; 
however, it is best to have the disease under control 
before a woman becomes pregnant and not to stop 
therapy prior to or during pregnancy. In patients with 
viral hepatitis B, certain precautions need to be taken 
to decrease the risk of transmission to the fetus.

liver Disease in pregnanCy 
(Continued)
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trauma

Because of its size, location, and fixation, the liver is 
frequently subjected to trauma, which may be either 
penetrating or blunt. Next to the brain, the liver is the 
organ most commonly hit by blunt violence. Bullet or 
stab wounds penetrate to various depths and produce an 
intrahepatic canal with a ragged wall and a lumen filled 
with blood. In more than a fourth of penetrating tho-
racoabdominal wounds, the liver is injured. The blunt 
injuries lead to ruptures or lacerations varying in size and 
sometimes in number. They are most commonly the 
result of automobile accidents or of falls. The lacera-
tions may be inflicted by broken ribs, or the organ may 
be crushed by the impact of the thoracic cage and the 
resisting spine. Internal stress or contrecoup effects 
during a blunt injury may lead to subcapsular or central 
lacerations; if the impact is slight, only a subcapsular 
hematoma may develop.

Rupture, as the consequence of blunt injury, is facili-
tated if the liver has become more friable or when the 
capsular tension has increased owing to abscesses, cysts, 
infectious diseases such as malaria or hepatitis, and fatty 
liver. Unlike in the spleen, so-called spontaneous 
rupture of a mildly damaged liver is rare. It has been 
claimed that postprandial hyperemia may predispose to 
rupture of the liver, and rupture during pregnancy has 
also been reported.

Except for temporary slight peritoneal irritations 
from blood oozing into the peritoneal cavity, subcapsular 
hematomas and small lacerations or ruptures usually heal 
with few clinical manifestations and leave a pigmented 
or white subcapsular scar. If the hematoma becomes 
infected, intrahepatic or subphrenic or subhepatic 
abscesses may complicate the clinical course. Hepatic 
cysts also may develop, as may biliary fistulae after lac-
eration of a small bile duct. Rarer complications are 
portal vein thrombosis or arterial aneurysms. From a 
forensic point of view, it is interesting that acute hepa-
titis, including the fulminant variety, and even cirrhosis 
have been connected causally with a preceding trauma. 
Centrilobular necrosis may be a consequence of shock. 
A definite association of trauma with other diffuse 
hepatic diseases is, however, rather difficult to prove.

Severe laceration or rupture of the liver has a high 
mortality rate, more so in military than in civilian prac-
tice. Death early after the trauma is caused by hepatic 
hemorrhage, which is severe and does not stop readily 
for several reasons: the walls of the valveless hepatic 
veins are thin, the liver is extremely vascular, the bile 
admixed with the blood interferes with clotting, and the 
diaphragm massages the liver. During the past decade, 
angiographic embolization has supplanted surgery as 
the preferred treatment of hepatic hemorrhage in 
hemodynamically stable patients. Later, the effects of 
biliary peritonitis, following laceration of bile ducts  
or shock or infection, become important causes of 
death. Previously, the term hepatorenal syndrome was 
coined to describe the complication of renal failure 
after trauma that was thought to be a result of the toxic 
effect from tissue breakdown products from the liver. 
However, traumatized, necrotic, and even completely 
separated hepatic tissue has not been convincingly 
proved to exert a toxic effect different from that of other 
organs, although it must be admitted that interruption 
of blood flow to parts of the liver leads to rapid ischemic 

necrosis; if the patient survives, the area may be sur-
rounded by a demarcation zone with fibroplasia. Com-
pletely detached liver tissue pieces are well tolerated 
within the peritoneal cavity and may even be organi-
cally attached in the lateral gutter.

The laboratory manifestations of hepatic trauma are 
surprisingly insignificant. Jaundice is rare and occurs 
mainly if the gallbladder and bile ducts are ruptured. In 

later stages, it may be the result of liver abscesses or 
traumatic cholangitis. Foreign bodies, such as bullets, 
in the liver may eventually migrate into the biliary ducts 
and produce obstructive jaundice.

The liver is relatively insensitive to external ionizing 
radiation; even the effects of internal radiation from 
radioactive substances accumulating in the liver (e.g., 
phosphorus-32) are not severe.
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Jaundice in the first days of life is a common phenom-
enon. In general, the yellowish discoloration of the  
skin and sclera results from accumulation of unconju-
gated hyperbilirubinemia and is a normal physiologic 
event that resolves on its own. This physiologic jaun-
dice has multiple causes, including a higher hematocrit, 
shorter life span of fetal blood cells, and relatively low 
level of conversion of bilirubin to urobilinogen by 
intestinal flora, resulting in higher absorption of biliru-
bin back into the circulation. In addition, there is low 
activity of the enzyme uridine-diphosphoglucuronate 
glucuronosyltransferase (UGT1A1), which normally 
converts unconjugated bilirubin to conjugated biliru-
bin. UGT1A1 activity in term infants at 7 days of age 
is approximately 1% of adults and levels do not reach 
adult levels until 14 weeks of age. Before birth, this 
enzyme is actively down-regulated because bilirubin 
needs to be unconjugated to cross the placenta. After 
birth, the enzyme gains function over time. These are 
slowed in preterm infants, and thus prematurity aggra-
vates and prolongs the physiologic process of the 
decline of bilirubin. Severe bile stasis has been observed 
in the livers of such prematurely born children, as have 
many hematopoietic foci, but no hepatocellular degen-
eration has been seen, except, occasionally, in the left 
hepatic lobe, which quite suddenly loses its supply of 
oxygenated blood after interruption of the placental 
circulation.

The physiologic jaundice seen in infants is generally 
benign; if serum bilirubin levels rise excessively, 
however, bilirubin may accumulate in the brain and 
portions of the brain may have a yellowish color. This 
brain affliction was named kernicterus by German 
pathologists in the latter part of the nineteenth century. 
Unconjugated bilirubin is toxic to the brain and can 
cause brain damage if the condition is left untreated. 
The nuclei (Kerne) in the basal ganglia are extremely 
pigmented and degenerated. In some cases, the cells of 
the Ammon horn and, rarely, some parts of the cortex 
are similarly colored and in the process of disintegra-
tion. The mechanism of these cellular changes in the 
central nervous system and the reason for the predilec-
tion for the basal ganglion cannot be explained. Abnor-
mal permeability of the barrier between blood and 
spinal fluid in early postnatal life and damage produced 
by anoxia, predisposing to the deposition of bile 
pigment, have been cited as instrumental factors. The 
relationship between the degree of bilirubinemia and 
the postmortem finding of kernicterus has been studied, 
with the result that the level of the indirect-reacting  
or nonconjugated, and therefore lipid-soluble, bilirubin 
seems to have a bearing on the cerebral changes,  
but other factors, such as immaturity, anoxia, anemia, 
and the duration of jaundice, also have an influence.  
Kernicterus develops rarely when the level of the 

indirect-reacting bilirubin is kept below 20 mg/dL. If 
untreated, the brain complications of neonatal jaundice 
may become clinically recognizable within the first 
week of life. The infant becomes drowsy, vomits, and 
refuses to take food. Irregularities in respiration, insta-
bility of circulation, muscular twitchings, spasticity, and 
opisthotonus may be observed. A certain shrillness of 
the baby’s cry has been considered a characteristic sign, 

as has the appearance of an abnormal Moro reflex. The 
majority of children who develop kernicterus die within 
a short time, usually in 1 to 10 days after showing the 
first signs. A minority, perhaps 25% to 30%, survive, 
with permanent brain damage. Their mental develop-
ment may be retarded, and their ability to walk is 
delayed or is never acquired. Speech difficulties or inad-
equate muscle coordination occur, and the children 
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MANIFESTATIONS OF KERNICTERUS AND TREATMENT

remain physically helpless. Untreated kernicterus is a 
cause of cerebral palsy. Because of this, the general 
recommendation is to initiate phototherapy at a certain 
threshold bilirubin level determined by an assessment 
of the risk for severe hyperbilirubinemia based on level 
and age. The body temperature and fluid status must 
be monitored, and eye patches are required. In cases of 
severe unconjugated hyperbilirubinemia, exchange 
transfusion may prevent possible kernicterus.

Unconjugated hyperbilirubinemia may occur in 
isoimmune-mediated hemolysis caused by ABO or Rh 
incompatibility. The most significant type of neonatal 
jaundice is associated with hemolytic disease of the newborn, 
also known as erythroblastosis fetalis. The cause of this 
condition is the presence of maternal immunoglobulin 
G (IgG), which crosses the placenta to react with red 
blood cells in the fetal circulation, resulting in hemoly-
sis. This may occur when a mother who is Rh-negative 
is exposed to the erythrocytes of an Rh-positive fetus 
who inherited this factor from the paternal side. Fetal 
erythrocytes passing through the placenta elicit the for-
mation of maternal antibodies, which, in turn, enter  
the fetus and destroy the red blood cells carrying  
the Rh blood group. Rh-negative mothers who have 
been pregnant before and now are pregnant with an 
Rh-positive infant should be given Rh immunoglobulin 
during pregnancy and within 48 hours after delivery to 
prevent sensitization. This agent works by binding any 
fetal red blood cells with the offending antigen before 
the mother is able to produce an immune response and 
form antibodies.

Cholestasis may be a cause of neonatal jaundice. 
Cholestasis in the neonatal period can result from 
obstruction, metabolic/genetic abnormalities, infec-
tion, and toxic insults. Obstruction can have multiple 
causes, including extrahepatic biliary atresia, Alagille 
syndrome, inspissated bile/mucous plugs, and chole-
dochal cysts. Biliary atresia or extensive hypoplasia of 
the extrahepatic bile ducts is an idiopathic disease that 
affects the extrahepatic bile ducts, resulting in progres-
sive jaundice within 8 weeks of birth. This results from 
persistence of the early temporary stage of solid-duct 
anlagen prior to the development of hollow channels. 
The fibrous cord, which may be found in place of the 
bile duct or parts thereof, contains no epithelium and 
may be so fine as to suggest complete aplasia. Oblitera-
tion occurs mostly in the lower parts of what should 
have developed into the common bile duct. Early rec-
ognition and surgical intervention improve the outcome 
in biliary atresia. Even with optimal management, the 
sequelae of biliary cirrhosis can occur with time, and 
many patients require liver transplantation for long-
term treatment. In addition to extrahepatic biliary 
atresia, abnormalities of intrahepatic ducts can occur in 
Alagille syndrome. In this disease, there is a paucity of 
interlobular ducts associated with systemic features, 
such as cardiac abnormalities, butterfly vertebrae, and 
dysmorphic facies (the classic features in the syndrome 

are a broad nasal bridge, triangular facies, and deep-set 
eyes). Most cases of the syndrome have been associated 
with a JAG-1 gene mutation.

Other causes of obstruction include cystic changes of 
the bile ducts (choledochal cysts), gallstones, sludge, 
and tumors. Bile inspissation has been described in 
infants with cystic fibrosis.

Other causes of chronic cholestasis in infants are 
infections, including bacterial, protozoal, and viral 

infections. Commonly acquired pathogens include the 
TORCH group of agents, Toxoplasma gondii, rubella 
virus, cytomegalovirus, herpesvirus, and Treponema pal-
lidum. Bacterial infections can also result in jaundice.

Metabolic causes include alpha-1 antitrypsin defi-
ciency, which can present as neonatal hepatitis. Galac-
tosemia occasionally produces jaundice in the neonatal 
period. Parenteral nutrition is another important cause 
of neonatal cholestasis that can lead to jaundice.

JaunDiCe in neonatal  
perioD (Continued)
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Though encountered only on very rare occasions, con-
genital malpositions of the liver may create diagnostic 
problems. Transposition of the liver, in which the large 
lobe and gallbladder are lying on the left side and, cor-
respondingly, the small lobe is on the right side, is usually 
accompanied by transposition of other intraperitoneal 
organs, at least. In such instances, the pylorus lies to the 
left of the midline; the fundus of the stomach, descend-
ing colon and sigmoid colon, and spleen are found on the 
right side, and the appendix and cecum, of course, are on 
the left. This situation, in which the positional anomaly 
is restricted to the intraabdominal organs, is called 
partial situs inversus; in complete situs inversus, which is 
more common, the chest organs are transposed in  
the same mirror-image fashion. In such cases, the pulsa-
tion of the apex of the heart may be felt on the right  
side. The aortic arch and the aorta descend on the right 
side; the right lung has two lobes and the left three. In 
some cases, only the chest organs are transposed, and the 
abdominal organs, including the liver, are in the normal 
position. Absence of the normal hepatic dullness on 
auscultatory percussion may lead to a wrong diagnosis, 
particularly in gallbladder diseases, but these and other 
diagnostic difficulties arising from complete or partial 
situs inversus are readily resolved by roentgenologic 
examination.

The causes of situs inversus have not been estab-
lished, and the explanations offered are all hypothetical. 

In complete situs inversus, the reversal of right to left 
and left to right must have been determined during the 
very first phases of structural organization in the 
embryo. Alteration of the normal rotation of the intes-
tine has been offered as an explanation for partial situs 
inversus, with differences in the width of the vitelline 
and umbilical veins playing a determining role. Rota-
tion of the stomach from the primitive median position 
to the right rather than to the left has been considered 
a causative factor for transposition of the liver.

Other congenital malpositions (not illustrated) 
include ectopia of the liver, resulting from an inherited 
defect of the muscles of the abdominal wall, and hepatic 
hernias at the umbilicus, which produce a peculiar mass 
near the navel. Bulging of the thin membranous part of 
the diaphragm into the cavity of the thorax permits 
herniation of part of the liver; this has characteristic 
radiologic findings but, nevertheless, may pose prob-
lems of differential diagnosis of intrathoracic or subdia-
phragmatic masses.
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Liver cell injury may be brought about by nutritional 
deficiencies, chemical agents, lack of oxygen, viral and 
bacterial infections, and metabolic disturbances. What-
ever the etiologic factors may be, certain similar histo-
logic features of liver injury may be present. One of the 
first signs of injury that can be recognized in a morpho-
logic sense occurs most frequently in the centrilobular 
zone, where cells lose their basophilism and become 
acidophilic or eosinophilic. A more severe degree of 
degeneration is characterized by variations in size and 
staining qualities of nuclei and cytoplasm of the neigh-
boring liver cells. This diffuse change results in a poly-
morphous irregularity of the liver cell plates (disarray 
or unrest).

Progression of eosinophilic cytoplasmic degenera-
tion leads to formation of acidophilic clumps around 
the nuclei. They are found in various types of hepatic 
injuries, though Mallory, describing these bodies, first 
considered them originally characteristic of alcoholic 
cirrhosis. Mallory bodies are accumulations of cytokera-
tin intermediate filaments inside liver cells; they are 
often caused by Wilson disease or cholestasis. Diffuse 
clumping of the cytoplasm may induce a homogeneous 
appearance; the nucleus becomes pyknotic and eventu-
ally disappears. The cell remnants are expelled from the 
liver plate and lie in the tissue spaces as acidophilic 
masses, or so-called Councilman bodies (named for the 
person who discovered similar formations in patients 
with yellow fever; these dead cells are also known as 
acidophil bodies or apoptotic bodies). The cells are 
present in the body for only a few hours, before they 
are cleaned up by Kupffer cells; their presence, there-
fore, suggests that liver injury is ongoing.

Another histologic expression of cell injury is 
hydropic swelling or balloon degeneration. The cells 
appear ballooned, with central but relatively small 

nuclei, rarefied cytoplasm, and sharp borders, an 
appearance that reminds one of plant cells. This is 
probably the result of defects in membrane and/or 
mitochondrial function and is common to many hepatic 
injuries, including alcoholic liver injury and nonalco-
holic fatty liver disease.

Another manifestation of liver injury is fat accumula-
tion in the hepatocytes or steatosis. The presence of  
fat, which can be microvesicular or macrovesicular, 

indicates some defect in lipid metabolism or lipoprotein 
synthesis or an increased quantity of adipose or dietary 
lipid brought to the liver. The most common causes of 
macrovesicular fat are alcohol consumption or nonal-
coholic fatty liver disease. Another form of liver cell 
degeneration is feathery degeneration, a form of liver cell 
death associated with cholestasis. Cells undergoing this 
form of death have cytoplasm that appears flocculant, 
and they are larger than normal hepatocytes.
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pathologiC features  
of hepatiC regeneration  
anD atrophy

Cells of the liver plates constantly disappear and are 
replaced by new cells by either mitotic or amitotic divi-
sion. Binucleate cells are, therefore, seen under normal 
circumstances. This regenerative activity is accentuated 
if liver cells are lost because of disease or trauma. After 
successive partial hepatectomies, the liver restores itself, 
and eventually the amount rebuilt exceeds by far the 
weight of those portions that the liver has lost. The 
regeneration takes place not only close to areas of extir-
pation or spontaneous necrosis but also in parts remote 
from the area of lost liver tissue. Local, as well as 
remote, liver regeneration occurs in hepatic diseases 
whenever degeneration and necrosis of hepatic tissue 
occur. Regenerated hepatic tissue may make up for, and 
therefore mask, the loss of function, and it is for this 
reason that hepatic tests sometimes yield normal values 
in spite of widespread hepatic disease. The regenerative 
processes are also responsible for the often perplexing 
variety of morphologic pictures in hepatic diseases.

Regeneration reveals itself in various structural forms 
and stages. Lost parts of a liver cell plate are replaced 
by liver cells growing into the empty meshes of the 
framework. Mitosis of singular cells or binucleate cells 
without mitotic figures may appear, or the entire liver 
cell plate may increase from a thickness of one cell to 
that of two cells, simulating the appearance of the liver 
in lower animals or in the embryo. Liver cells or liver 
cell groups that become isolated during necrosis of the 
surrounding tissue or during the development of cir-
rhosis may transform themselves into independent 
regenerative nodules. Active regeneration in these nodules 
is usually most marked in the periphery, where several-
cell-thick plates are found, in contrast to one-cell-thick 
plates in their center. The plates converge toward the 
center, indicating blood drainage from the center, 
although a central vein usually is not formed.

Sometimes, especially in infants, the division of liver 
cells does not keep pace with the division of the nuclei, 
so that multinuclear giant cells form, in which biliary 
inclusion may be found.

The so-called proliferations of bile ductules accompany-
ing degenerative and necrotizing processes are mainly, 
but not solely, located in the periphery of the lobule. 
They have often been interpreted as attempted liver cell 
regeneration from bile ducts and ductules. Electron 
microscopic and radioautographic evidence indicates 
that the proliferated bile ductules are derived from 
ductules and not from liver cells, apparently in contrast 
to what occurs in the embryo. Regenerated liver cells 
might resemble bile ductules, however.

Plate	1-40	
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The reticuloendothelial system and, consequently, 
the Kupffer cells respond to injury with more extensive 
regeneration than any other system of the body. Kupffer 
cell reactions may, therefore, be elicited by stimuli that 
cause injury, such as bacteria, liver cell breakdown, or 
intoxication, or by agents that cause only phagocytosis. 
Most endothelial cells of the liver sinusoids exhibit the 
characteristics of Kupffer cells. Their cytoplasm bulges 
into the lumen and contains engulfed material.

Atrophy of the liver cells may be the result of starva-
tion but it may come forth also as the result of pressure 
in the vicinity of space-occupying lesions, such as 
tumors, abscesses, granulomas, or lesions of amyloido-
sis. The liver cells in such instances become stretched 
and may eventually lose their cytoplasmic basophilia, 
indicating focal functional insufficiency. Hardly ever is 
a focal loss significant enough to be reflected in the 
overall function of the liver.
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Necrosis implies not only death of cells but also the 
phenomena following cell death, namely, the disappear-
ance of cells and, frequently, the environmental reac-
tions to and the vanishing of dead cells. The final and 
irreversible stage of injury, hepatic necrosis, in most 
forms involves only the liver cells, whereas the Kupffer 
cells and stroma remain intact. The Kupffer cells 
respond to most types of hepatocellular injury and 
necrosis with reactive proliferation. Suppression of this 
proliferation and necrosis of the Kupffer cells, as well 
as breakdown of the connective tissue stroma, is 
observed mainly when the blood supply has been inter-
rupted. In necrosis attributable to anoxia, all of the 
hepatic structures appear homogeneously eosinophilic. 
The nuclei of the connective tissue elements have lost 
their affinity for stains. Changes of this kind are seen, 
for instance, in anemic infarcts, as the result of arterial 
diseases, or in areas with a severed blood supply follow-
ing trauma.

Of greater significance is the necrosis restricted to 
the liver cells alone and instigated by a variety of etio-
logic factors. Chemical poisons interfering with the 
oxidative enzyme system in the liver may have the same 
effect as hypoxia. Other chemical poisons increase the 
need for hepatic metabolites, which are required for 
their detoxification. An example is bromobenzene, 
which is combined with cysteine to be excreted as mer-
capturic acid and raises, therewith, the need for this 
amino acid. Compounds of this kind create a relative 
deficiency of metabolites similar to nutritional defi-
ciency. Infections may impair the hepatocellular enzyme 
system or may increase the local need for oxygen or 
metabolites. In general, under circumstances such as 
those just mentioned, the damage in the liver is zonal; 
an exception to this “rule” occurs in infections, which 
tend to cause more scattered injuries, depending on the 
spread of microorganisms or their products, and thus 
set up focal necrosis. Localization of necrosis in the 
lobule and the extent of the necrotic process determine 
the morphologic or structural manifestations; the 
pathophysiologic consequences of hepatic necrosis 
depend not on the localization of necrosis but mainly 
on the total number of hepatic cells, the function of 
which has been lost.

Necrosis may be focal, that is, when single cells or a 
small group of cells have been injured, have disap-
peared, and have been replaced by scavenger cells, 
which are usually neutrophilic segmented leukocytes 
but are occasionally, especially in viral infections,  
histiocytes and lymphocytes. This chemotactic accu-
mulation of scavenger cells makes the lesion more con-
spicuous than in diffuse liver cell damage. Focal necrosis 
may also be the result of focal obstruction of the sinu-
soidal blood flow, for example, by cellular debris or 
fibrin thrombi. Obstructing proliferations of the 
Kupffer cells may operate in the same way. In typhoid 
fever, Hodgkin disease, or tuberculosis, focal necrosis 
may become the initial stage of granuloma formation. 
Only rarely do focal necroses enlarge, and then sizable 
necrotic areas coalesce without a specific relation to 
lobular arrangement.

Zonal necrosis, in contrast to focal necrosis, is char-
acterized by its lobular distribution. In central necrosis, 
the destructive process takes place around the central 
vein, from whence it may extend toward the periphery 
of the lobule. The lobular architecture appears exagger-
ated, and were it not for a usually reduced consistency 
of the liver, the differentiation from acute passive con-
gestion would be difficult. Depending on the intensity 
of the damage and the age of the lesions, liver cell frag-
ments may still be recognizable or the liver cells may 
have entirely disappeared, and red cells engorge sinu-
soids as well as tissue spaces. In more progressed stages, 
the framework is collapsed, and only a few scavenger 
cells are found intermixed with Kupffer cells and red 
cells. Necrosis of the liver cells in the center of the 
lobule is mainly the result of a failure of intralobular 
hepatic circulation (as seen in passive congestion or 
shock) or of oxygen want (low atmospheric pressure), 
or both. Because the blood brought by the portal vein 
and hepatic artery reaches the center of the lobule after 
it has given up some oxygen to the peripheral and inter-
mediate zones, anoxemia makes itself felt primarily and 
mainly in the central zone.

Periportal or peripheral necrosis indicates loss of the 
liver cells of the limiting plate and in the adjoining 
peripheral zone of the parenchymal lobule. Inflamma-
tory exudate accumulates and usually merges with 
similar exudate in the portal triads. Proliferation of bile 
ducts and cholangioles is also frequent. Periportal 
necrosis, as a rule, results from inflammation in the 
portal triads, which extend into the peripheral zone; 
this type of necrosis is therefore seen in infections 

involving the portal triads, in chronic biliary obstruc-
tion, or in chronic viral hepatitis. Midzonal necrosis is 
rare in human beings.

Extensive zonal necrosis, mainly central necrosis, 
results from exposure to various chemical poisons but 
is also observed following infections or shock. Because 
it is also produced or aggravated by cardiac failure, it is 
sometimes difficult to decide to what degree primary 
damage of the liver cells accounts for the hepatic necro-
sis and to what degree vascular factors, including agonal 
circulatory insufficiency, have contributed. Many exam-
ples of so-called toxic hepatic necrosis are hence prob-
ably not primary hepatic diseases.

If central necrosis becomes more extensive, bridges 
develop connecting the central zone to the portal zone 
and the latter appear surrounded by a necrotic periph-
ery. This may proceed further to almost complete loss 
of liver cells in a lobule, or massive necrosis. It may be 
caused by any etiologic factor but is, in the United 
States, probably most frequently produced by viral 
hepatitis, trauma, or vascular occlusion. Massive necro-
sis in a considerable part of the liver produces hepatic 
insufficiency, which is sometimes fatal and which, on 
historical grounds, is called acute yellow or red atrophy of 
the liver. The liver cell fragments in massive necrosis are 
usually hardly recognizable, especially in the fulminant 
form of viral hepatitis. The liver cells are initially 
replaced by a large number of scavenger cells between 
which only a few proliferating ductules can be found. 
Subsequently, the scavenger cells disappear and the 
framework, emptied of liver cells, collapses.

In massive collapse, the central and portal canals are 
closely approximated but their relative position is not 
disturbed. Because all liver cells of a respective plate 
have been lost, regeneration leading to reexpansion 
does not take place, and a scar persists as a permanent 
indication of a massive collapse. In some cases, the vast 
majority (but not all) of the liver cells of a lobule 
become necrotic (submassive necrosis). The remaining 
liver cells, sometimes fragments of one lobule or several 
adjacent lobules, undergo regeneration and may form 
nodules of various sizes and shapes, in some of which 
intact portal triads and central canals can still be recog-
nized. The parenchyma surrounding the areas of col-
lapse is, as a rule, also involved, essentially because 
break fissures develop around areas of collapse which 
are filled out by connective tissue membranes.
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Cirrhosis: overview

Based on histologic characteristics, cirrhosis is defined 
as development of regenerative nodules surrounded by 
a fibrous band as a result of chronic liver injury. Cir-
rhosis leads to portal hypertension and its complica-
tions. Though historically cirrhosis was considered 
irreversible, depending on its cause, therapy can halt its 
progression or even reverse the complications related 
to portal hypertension. Liver transplantation is the ulti-
mate treatment for cirrhosis and its complications of 
portal hypertension.

Cirrhosis is the result of progressive fibrosis of the 
liver, which results in changes in the hepatic vascula-
ture. When there is liver injury, fibrogenesis occurs as 
part of the healing process and can result in fibrosis. In 
a normal liver, the hepatic sinusoids are lines with endo-
thelial cells with fenestrations. The space of Disse, 
which is loose connective tissue, lies between the endo-
thelial cells and hepatocytes and contains hepatic stel-
late cells. The architecture allows for the metabolic 
functions of the hepatocyte. The blood from the portal 
vein will flow to the smaller tributaries to reach the 
terminal portal vein. From there the blood flows 
through the sinusoid and collects in the terminal hepatic 
venules. As chronic liver disease progresses to cirrhosis, 
stellate cell activation occurs and is the common 
pathway to hepatic fibrosis and the primary source of 
an extracellular matrix in the liver. An extracellular 
matrix is a group of macromolecules that form the scaf-
folding of the liver. Included in the extracellular matrix 
are collagen, noncollagen glycoproteins, matrix-bound 
growth factors, glycosaminoglycans, proteoglycans, and 
matricellular proteins. When stellate cells are activated, 
there is a release of chemokines and other leukocyte 

chemoattractants and up-regulation of the expression 
of inflammatory receptors. As a result, the space of 
Disse becomes filled with extracellular matrix and peri-
sinusoidal hepatocytes become isolated, leading to the 
creation of regenerative nodules. The endothelial fen-
estrations are lost, a process called sinusoidal capillariza-
tion, and intrahepatic shunts form. There is also 
endothelial dysfunction with insufficient release of 
nitric oxide, a vasodilator. The structural and increase 

in vascular tone contribute to the development of portal 
hypertension.

Regardless of the cause of chronic liver disease, the 
common end point is cirrhosis with a nodular liver; 
fibrosis may be initiated at varying sites, however. Viral 
hepatitis causes fibrosis at the portal tract, but conges-
tive hepatopathy, which results in cardiac cirrhosis and 
nonalcoholic fatty liver disease, causes fibrosis around 
the central vein.
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Cirrhosis: funDamental 
vasCular Changes

Advanced cirrhosis leads to worsening splanchnic vaso-
dilation and eventually multiorgan involvement. In 
response to intrahepatic vascular change, described 
earlier, and increased portal resistance, the splanchnic 
vasculature vasodilates as an adaptive response. Splanch-
nic vasodilation is due to an increase in vasodilator 
factors such as nitric oxide and carbon monoxide, func-
tional alterations of smooth muscular and endothelial 
cells, and a reduction in response to vasoconstrictor 
factors. Early in cirrhosis the vasodilator effect, result-
ing in a decrease in peripheral vascular resistance, is 
compensated by an increase in cardiac output. Splanch-
nic vasodilation results in underfilling of the arterial 
circulation, which activates baroreceptors to release 
vasoconstrictor factor and increase the heart rate and 
cardiac output. As cirrhosis progresses, the splanchnic 
vasodilation worsens and results in activation of the 
sympathetic nervous system and renin-angiotensin-
aldosterone system and an increase in arginine vaso-
pressin. This causes an increase in renal vascular 
resistance, which reduces renal blood flow and will 
increase the heart rate and cardiac output. The result 
is sodium and water retention and an increase in the 
circulating blood volume. The end result is a hyperdy-
namic state and a vicious cycle as cirrhosis progresses.

As the portal vein pressure rises from the normal value 
to 10 mm Hg or more, a variety of collaterals between 
the portal vein and caval systems come into existence. 
Some of them are clinically of minor importance, but 
others are of eminent significance.

Retroperitoneal and diaphragmatic veins become 
more and more dilated but are seen only at operation 
or autopsy. The veins in the anterior abdominal  
wall dilate as a result of collaterals developing around 
the remnants of the fetal circulation in the round  
ligament. They become especially marked in Cruveilhier-
Baumgarten syndrome, in which the umbilical vein 
itself has either persisted or become patent. Veins at  
the gastroesophageal junction and the anus dilate at a 
site where the glandular gastrointestinal epithelium 
meets the squamous epithelium. Bleeding hemorrhoids 
are frequent in portal hypertension, but far more 
important are the varices at the lower end of the esophagus 

and at the cardia of the stomach. Esophageal varices, 
which are demonstrable radiologically or endoscopi-
cally, develop in many liver diseases, but they are the 
most frequent and also most serious attendant compli-
cations of all types of cirrhosis. They are fed by the 
coronary vein, which under normal circumstances is an 
affluent of the portal vein, and are drained by the azygos 
vein. The submucosal veins of the esophagus also 
receive blood from the spleen through the short gastric 
vein, which normally empties into the splenic vein but 

permits the blood to flow in the opposite direction 
when the pressure in the portal vein and its tributaries 
increases. The incongruence between the affluent 
bloodstream and the restricted possibilities for releas-
ing blood to the vena cava, and also the thinness of the 
venous walls, bring about a dilatation of the vessels and 
the development of varices in the lower third of the 
esophagus and the cardia of the stomach. The varices 
finally rupture, leading to hemorrhage, the most fre-
quent cause of death in portal hypertension.
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Cirrhosis: CliniCal 
manifestations

Early cirrhosis may not present with any symptoms and 
can be incidentally found on cross-sectional imaging. 
As cirrhosis progresses, complications of portal hyper-
tension occur. As a result of portal hypertension, the 
spleen enlarges and causes pancytopenia due to splenic 
sequestration. As mentioned earlier, due to vascular 
changes, esophageal varices develop and can rupture, 
causing an esophageal variceal bleed. Patients with vari-
ceal bleeding will present with hematemesis and melena. 
Due to liver dysfunction, hepatic encephalopathy mani-
fests as a spectrum from mild somnolence, forgetful-
ness, and fatigue to gross confusion and coma. When 
patients can cooperate with the examiner, asterixis can 
be seen on the physical examination. As a result of 
sodium and free water retention and hypoalbuminemia, 
lower-extremity edema and ascites develop. On physical 
examination, flank dullness or shifting dullness can 
verify the presence of ascites. Cirrhosis increases the 
risk of hepatocellular carcinoma (HCC) compared with 
that of the general population; patients may present 
with hepatocellular carcinoma. The clinical manifesta-
tions of HCC can be decompensation of liver disease, 
worsening liver function, weight loss, or abdominal 
pain. HCC can also incidentally be found on cross-
sectional imaging or during surveillance for it in cir-
rhotic patients. Spider angiomas, palmar erythema 
(thenar and hypothenar erythema), testicular atrophy, 

gynecomastia, female escutcheon, and pectoral and axil-
lary alopecia are due to the high estrogen state of cir-
rhosis. Spider angiomas are found mainly in the upper 
half of the body, mostly on the neck, forearm, and 
dorsum, and sometimes on the mucous membranes. 
They have a central arteriole from which many small 
vessels radiate. Most manifestations of hyperestrinism 
are seen in men. In women, hair loss and spider angio-
mas are the main signs, but there may also be some 

masculinizing effects, even hirsutism. As cirrhosis pro-
gresses and there is progression of liver dysfunction, 
jaundice occurs. In patients with biliary obstruction due 
to primary sclerosing cholangitis, the rise in bilirubin 
and jaundice may improve with intervention to relieve 
the obstruction; patients with obstruction may present 
with fever and/or chills. Peripheral neuropathy can be 
seen with alcohol-related cirrhosis as a complication of 
nerve damage due to a nutritional deficiency.
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portal hypertension: Causes

The portal venous pressure rises above the norm of 
approximately 20 cm of water because of (1) a blockage 
in the intrahepatic portal vein tree, (2) impaired outflow 
of blood from the liver, (3) excessive flow of either 
splanchnic or hepatic arterial blood to the liver, or (4) 
transmission of hepatic arterial pressure into the portal 
vein branches.

Portal hypertension is associated in the early stages 
with dilatation of the splenic capillary sinuses and is 
subsequently followed by fibrotic thickening of the 
sinus walls and atrophy of the splenic follicles (fibrocon-
gestive splenomegaly).

The suprahepatic form of portal hypertension is induced 
either by heart failure with passive congestion or by 
obstruction of the main hepatic veins. In heart failure, 
portal hypertension parallels increased systemic venous 
pressure, and hepatic involvement represents no spe-
cific problem. Only in tricuspid incompetence or constric-
tive pericarditis, particularly if it involves the entrance of 
the inferior vena cava, a special problem arises in view 
of the fact that the emptying of the hepatic vein is 
impaired. Occlusion of the hepatic veins, leading to 
Budd-Chiari syndrome, results from thrombosis, webs, or 
tumors at the point where the hepatic veins enter the 
inferior vena cava. A rapidly developing acute condition 
is differentiated from a slowly developing occlusion. In 
suprahepatic portal hypertension, the liver is large and 
tender; ascites develops; and the spleen is only slightly 
to moderately enlarged. Because of an equally elevated 
pressure in the portal and caval systems, esophageal 
varices do not develop.

The most frequent type, intrahepatic portal hyperten-
sion, is, of course, caused by cirrhosis or intrinsic liver 
disease, for reasons described earlier. The spleen is mark-
edly enlarged, and esophageal varices are well developed.

In infrahepatic portal hypertension, the liver is of 
normal size and the spleen and esophageal veins are decid-
edly enlarged. This form occurs more frequently in 

younger age groups. The most important cause is portal 
vein thrombosis. Tumors or inflammatory masses or 
congenital anomalies of the portal vein may also be 
causative factors. On rare occasions, severe portal 
hypertension has been observed in children without 
detectable anatomic alterations (e.g., in congenital 
hepatic fibrosis). Although isolated portal vein throm-
bosis can result in portal hypertension, the scenario in 

which portal vein thrombosis is most often seen is in 
patients with previously existing cirrhosis and portal 
hypertension. In this instance, the development of 
portal vein thrombosis further aggravates the portal 
hypertension.

The modern measurements of portal pressure have 
added new understanding to the problems of portal 
hypertension.
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CliniCal Determination of 
portal hypertension

To understand the causes of portal hypertension and to 
assess the possibility of surgical management, it is 
important to have accurate information about the 
degree of pressure elevation and the site of obstruction, 
if any, to the flow of blood. Pressure is estimated either 
by wedging a catheter into the hepatic vein or by percu-
taneous measurement of intrasplenic pressure.

In the first method, a radiopaque catheter is inserted 
into the transjugular vein under fluoroscopic control. 
The catheter is advanced into the inferior vena cava until 
it meets resistance in one of the tributaries of the 
hepatic veins. The proximal end is connected via a 
transducer to a pressure-recording device. With an ade-
quately wedged catheter, the blood flow through the 
catheterized hepatic vein tributary is blocked, and the 
pressure thus recorded is that in the surrounding 
hepatic sinusoids. The pressure is normally 50 to 180 mm 
water (3.5 to 13.5 mm Hg). During this procedure, pres-
sures are also recorded in the hepatic vein without 
wedging the catheter, inferior vena cava, and right 
atrium.

In cirrhosis, in which regenerative nodules compress 
hepatic vein branches, the wedged pressure represents 
the pressure in the sinusoids, which are drained by the 
noncatheterized neighboring tributaries of the hepatic 
veins. It is as high as the splenic pressure and thus 
reflects postsinusoidal hypertension, indicating that the 
liver cells are being exposed to increased pressure. In 
portal fibrosis, in which the hepatic parenchyma, as such, 
is not involved (e.g., in schistosomiasis or sarcoidosis), the 
splenic pressure is raised. Because the drainage from the 
hepatic veins is not altered, however, the wedged pres-
sure is normal. This represents presinusoidal portal 
hypertension, with stasis in the splanchnic system but 
without a significant functional effect on the liver itself. 
Such intrahepatic presinusoidal portal hypertension may 
occur in some types of cirrhosis in which the pressure 
from regenerative nodules is functionally less signifi-
cant than from either scarring in the portal tract or 
compression of the portal vein branches by nodules. 
The relation, therefore, between splenic and hepatic 
wedged pressure may be quite variable in cirrhosis. 
Other causes of presinusoidal intrahepatic portal hyper-
tension are congenital hepatic fibrosis, developmental 
defects, and hepatic infiltrations, as, for instance, in 

hematologic disorders. In hepatitis (alcoholic or viral), 
transient elevations of splenic pressure and, frequently, 
wedged pressure are reported.

Extrahepatic presinusoidal portal hypertension results 
mainly from obstruction of the portal vein,, but a block of 
the splenic vein alone also raises the splenic pulp 
pressure.

The portal venous system can be visualized by per-
cutaneous injection of radiopaque material into the spleen, 
with rapid multiple film exposures taken immediately 

thereafter. The initial filling of the veins produces a 
“vasculogram,” followed by a “hepatogram,” which rep-
resents a diffuse opacification of the entire liver by the 
contrast medium in the sinusoids. In cirrhosis, venous 
filling may be normal, but collaterals are also visualized, 
in which the width and tortuosity of the coronary vein 
are important observations. Moreover, a characteristic 
picture is given in a patient with esophageal varices; 
with a partial or complete obstruction of the portal vein 
by a thrombus; or with a patent portacaval shunt.
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Cirrhotic patients develop portal hypertension, which 
leads to the development of collateral blood vessels. 
The presence of collaterals can be seen on cross-
sectional imaging or by endoscopy. The most clinically 
significant collateral blood vessels that develop are 
esophageal and gastric varices. Esophageal and gastric 
varices can bleed, which can be a lethal complication. 
Upper endoscopy is performed to stratify the risk of 
bleeding and to prophylactically treat the esophageal 
varices as indicated.

The presence of varices is correlated with the severity 
of liver disease. The strongest predictor of developing 
varices is a hepatic vein–portal vein gradient of  
greater than 10 mm Hg. The risks associated with  
small varices becoming larger are decompensated cir-
rhosis, the presence of red wale marks on initial endos-
copy, and alcoholic cirrhosis. The rate of development 
of varices or change in small varices to larger varices is 
8% per year. Variceal hemorrhage occurs in 5% to 15% 
per year. The most important risk factor is the size of 
varices. The mortality rate is high with variceal hemor-
rhage compared with other causes of gastrointestinal 
bleeding.

All patients with cirrhosis should undergo upper 
endoscopy to determine the presence of varices. 
Depending on the risk factors, a repeat endoscopy 
should be performed in 1 to 3 years. Primary prophy-
laxis can be medical treatment with a nonselective beta-
blocker or endoscopic treatment with band ligation. 
Secondary prophylaxis is band ligation of the esopha-
geal varices until the varices have been eradicated and 
nonselective beta-blocker therapy.

In patients presenting with acute variceal hemor-
rhage, spontaneous healing occurs in 40%; it is impor-
tant to pursue medical and endoscopic therapy in  
all patients to minimize rebleeding. Medical therapy 
consists of a somatostatin or an analog (octreotide  

or terlipressin) to cause splanchnic vasoconstriction. 
Additionally, short-term treatment with an antibiotic 
such as fluoroquinolone or cephalosporin has been 
shown to reduce bacterial infection and increase sur-
vival rates. Endoscopic therapy with band ligation of 
the esophageal varices is important. If band ligation is 
not possible, a sclerosant can be considered.

Gastric variceal bleeding can be treated endoscopi-
cally with a tissue adhesive agent that can result in vari-
ceal obturation, or endoscopic variceal ligation can be 
performed when available. When endoscopic treatment 
is not an option, a transjugular intrahepatic portosys-
temic shunt (TIPS) can be used to control bleeding 
from gastric varices.



	 Liver:	PART	III

50	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-48	

Hepatic vein

Portal vein

Jugular sheath passed into hepatic vein.
Flexible needle inserted into sheath and
advanced under fluoroscopic control
across hepatic parenchyma into portal vein

Enlargement of channel 
and deployment of stent

Hepatic vein

Portal vein

Stent in place with blood 
flow rerouted through liver

Stent

portal hypertension: 
transJugular intrahepatiC 
portosystemiC shunt

Cirrhosis causes portal hypertension, which leads to a 
host of complications seen in end-stage liver disease. A 
transjugular intrahepatic portosystemic shunt (TIPS) 
can allow blood to flow forward with less resistance 
from the portal vein to the hepatic vein and reduce the 
portal hypertension. This results in improvement in 
clinically significant complications of cirrhosis.

TIPS is indicated in refractory ascites or hepatic 
hydrothorax, secondary prevention of or refractory 
acute variceal bleeding, portal hypertensive gastropa-
thy, hepatorenal syndrome type 1 or 2, Budd-Chiari 
syndrome, venoocclusive disease, and hepatopulmonary 
syndrome.

Contraindications to TIPS include congestive heart 
failure and severe pulmonary hypertension, because the 
preload to the heart will increase with TIPS. Uncon-
trolled infection or unrelieved biliary obstruction is also 
a contraindication to TIPS. Relative contraindications 
include hepatoma, portal vein thrombosis, obstruction 
of all hepatic veins, severe coagulopathy, or thrombo-
cytopenia. A model for end-stage liver disease (MELD) 

score of more than 15 to 18 or a serum bilirubin level 
of more than 4 mg/dL is associated with a high mortal-
ity rate over 30 days. Liver transplantation should be 
discussed prior to TIPS and should only be performed 
in the absence of other options.

The TIPS procedure is performed by an interven-
tional radiologist on a sedated patient. The goal of 
TIPS is to reduce the portal gradient to less than 12 
mm Hg because there will be a reduced risk of bleeding 

at this level. The expert opinion is to reduce the portal 
gradient to less than 8 mm Hg to control ascites. 
Depending on the risk of hepatic encephalopathy, a 
compromise may need to be made regarding the goal 
of treatment.

Complications associated with TIPS include TIPS 
dysfunction or infection, hepatic encephalopathy, intra-
peritoneal bleeding, hemobilia, stent migration, and 
hepatic infarction.
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asCites: pathogenesis

Fluid exchange between intraperitoneal fluid and blood 
plasma is subject to the same forces that regulate the 
distribution of fluid between interstitial and intravascu-
lar departments. Under normal conditions, the serum 
water, which filters through the semipermeable wall of 
the arterial capillary limb, where the blood pressure is 
higher than the oncotic pressure, is reabsorbed as inter-
stitial fluid by the blood in the venous capillary limb, 
where the oncotic pressure exceeds the blood pressure. 
Disturbance of this mechanism results in edema, or the 
accumulation of tissue fluid. If more fluid passes into 
the peritoneal cavity than is reabsorbed, ascites devel-
ops (as edema would in peripheral areas).

A general rise in venous pressure tends to cause 
edema. Similarly, portal hypertension tends to facilitate 
ascites formation, though ascites is by no means an 
obligatory sequela of portal hypertension. Partial 
experimental obstruction of the portal vein has not led 
to ascites, and the operative relief of portal hyperten-
sion does not necessarily reduce it. Ascites may  
disappear even though portal hypertension remains 
undiminished.

A diminished serum protein concentration, especially of 
albumin (its smallest and, therefore, most potent 
osmotic fraction), reduces the oncotic pressure of the 
blood and induces edema and/or ascites formation, 
because filtration through the capillary wall is increased 
and reabsorption of tissue fluid is impaired. If hypopro-
teinemia complicates portal hypertension, rapid devel-
opment of ascites may be expected; it occurs promptly 
(e.g., after hemorrhage from ruptured esophageal 
varices). Ascites is well correlated with diminished 
albumin synthesis in all types of cirrhosis; as a vicious 

circle is set up, however, the albumin loss into the 
ascitic fluid also increases the hypoalbuminemia.

Sodium retention is considered a main causal factor for 
ascites formation. Portal hypertension and splanchnic 
vasodilatation cause a decrease in the effective circulat-
ing volume, which triggers the rennin-angiotensin-
aldosterone system and baroreceptors. The result is 
sodium retention. As cirrhosis progresses, the antidi-
uretic factor contributes to free water retention, which 
causes ascites and hyponatremia.

Ascites can form as a complication of other diseases, 
including congestive heart failure, renal insufficiency, 
infection, and nephrotic syndrome. Most causes of 
ascites can be divided into those related to portal hyper-
tension and those related to other conditions. Paracen-
tesis can be performed to assess the cause of ascites and 
check for infections, such as spontaneous bacterial peri-
tonitis. A serum–ascites albumin gradient of more than 
1.1 is consistent with ascites associated with portal 
hypertension.
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Hepatorenal syndrome (HRS) is a complication of end-
stage cirrhosis and occurs when there is functional  
renal failure in the setting of normal renal structure. 
The cause is renal hypoperfusion resulting from renal 
vasoconstriction.

In compensated cirrhotics, splanchnic vasodilatation 
occurs, reducing the renal blood flow. As a result, there 
is an increase in cardiac output and plasma volume, 
resulting in restored effective arterial blood volume. 
Once patients develop decompensated cirrhosis, there 
is severe splanchnic vasodilatation and marked reduc-
tion in the effective arterial blood volume. The renin-
angiotensin-aldosterone system and the sympathetic 
nervous system are activated. At the very end stages, 
there is also hypersecretion of vasopressin (antidiuretic 
hormone). The result is improvement in the effective 
arterial circulating volume but worsening sodium and 
water retention, which causes ascites and volume over-
load. Additionally, it causes renal vasoconstriction and 
hypoperfusion of the kidneys. Renal function may 
become compromised, especially in patients with  
cirrhosis and ascites who develop complications of  
bacterial infection, gastrointestinal bleeding, or severe 
sodium retention.

HRS may occur spontaneously with progression of 
liver disease or may be triggered as result of gastroin-
testinal bleeding, large-volume paracentesis, or overdi-
uresis. It is a diagnosis of exclusion, including exclusion 
of other potential causes of renal insufficiency or failure, 
such as postrenal obstruction, intrinsic renal disease, or 
hypovolemia. It is often a difficult diagnosis to make. 
The most common differentiation to make is whether 
renal failure is due to HRS, to prerenal causes such as 
hypovolemia, or to renal causes such as acute tubular 
necrosis. Hypovolemia can be a result of bleeding or 
overdiuresis. Acute tubular necrosis can be the result of 
multiple types of insults, including infections.

In HRS, the urine studies are consistent with a hypo-
volemic state. Urine osmolality and urine and plasma 
creatinine levels are high, urine sodium levels are low, 

and the urine sediment level is normal. Unlike in  
prerenal azotemia, however, volume-expansion med 
with albumin or intravenous fluids does not improve 
renal function. Type 1 HRS is characterized by a dou-
bling of the serum creatinine level to more than 2.5 mg/
dL in less than 2 weeks. Type 2 HRS is characterized 
by a stable or less rapid progressive course compared 
with type 1 HRS. Type 1 HRS has a poor prognosis, 

with a median survival time of 1 month (versus 6 
months for type 2) and may require hemodialysis as a 
bridge to liver transplantation. Treatment has focused 
on administering vasoconstrictor drugs such as terli-
pressin, octreotide, norepinephrine, or midodrine, 
depending on availability, to decrease splanchnic vaso-
dilation. Albumin appears to enhance the benefits of 
vasoconstrictor therapy.
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Progression of liver disease over a variable period of 
time finally results in a deep stupor, which, if not inter-
rupted by appropriate therapy, leads to the death of the 
patient. Hepatic encephalopathy is brain dysfunction in 
the setting of advanced liver disease and/or portosys-
temic shunting. The clinical manifestations are vari-
able, and the presentation may range from subclinical 
alterations to coma. Overt hepatic encephalopathy  
has a prevalence of 16% to 21% in decompensated  
cirrhosis. In 10% to 50% of patients who have under-
gone transjugular intrahepatic portosystemic shunting 
(TIPS), hepatic encephalopathy is present.

This end stage of decompensated hepatocellular 
failure and its neurologic complications, or hepatic coma, 
may have several causes. It may result from gradual or 
acute deterioration of hepatic function. The most fre-
quent predisposing factor, however, is hemorrhage, 
usually from bleeding esophageal varices or peptic 
ulcer. It is an accepted observation that massive hemor-
rhage from any site is not tolerated as well by patients 
with hepatic disorders as by those with other condi-
tions. Infections, sometimes even mild ones, ensuing  
in the course of acute or chronic liver disease, may 
precipitate hepatic coma; in some patients who had 
appeared to be doing well, simple cellulitis may prompt 
a sudden worsening. Use of morphine and other opiates, 
barbiturates, or even milder sedatives has been known 
to precipitate hepatic coma, perhaps because of the 
liver’s failure to metabolize and, therewith, inactivate 
the drugs. A recent finding has been that a high-protein 
diet, or one high in nitrogenous substances, may bring 
about signs of coma, which disappear when the increased 
levels of blood ammonia can be lowered by decreased 
intake of protein or other nitrogen sources.

Although blood ammonia and certain organic acids 
may play a role in the appearance of hepatic coma, the 
condition cannot be adequately defined in the biochem-
ical sense. It is, in most instances, difficult to predict 
which patient will develop hepatic coma. The develop-
ment of hepatic encephalopathy is associated with  
the severity of liver insufficiency and portosystemic 
shunting.

Minimal hepatic encephalopathy is the mildest form of 
encephalopathy. Patients have psychometric or neuro-
psychological alterations of tests assessing psychomotor 
speed without clinical evidence of mental change. In the 
first of the four stages, the patient may appear oriented 
while having cognitive or behavioral decay, an altered 
sleep rhythm, and a shortened attention span. In the 
more distinct second stage, lethargy is more pronounced, 
the patient is disoriented as to time, personality changes 
are seen, and the patient may have a flapping tremor, 
particularly of the hands but occasionally of the entire 
body, with a generalized muscular twitching. In the third 

stage, the patient becomes somnolent or semistupor-
ous, responsive to stimuli, confused, definitely uncoop-
erative, noisy, and abusive, and frequently must be forcibly 
restrained. In the fourth stage, the patient fades into 
unconsciousness and cannot be aroused and knee and/or 
ankle clonus, hyperactive reflexes, and a positive Babinski 
sign appear.

In addition to being given medication, patients with 
overt hepatic encephalopathy are treated by identifying 

and managing the precipitating factors. Once there is 
concern for airway protection, the patient should be 
cared for in the intensive care unit. Medications include 
nonabsorbable disaccharides (lactulose, Kristalose), the 
dosage of which is titrated to bowel movements. The 
antibiotic rifaximin has effects equivalent to or better 
than nonabsorbable disaccharides. Additional antibiot-
ics such as metronidazole or neomycin have been used 
to treat hepatic encephalopathy.
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Nonalcoholic fatty liver disease (NAFLD) has a spec-
trum ranging from simple steatosis to nonalcoholic 
steatohepatitis (NASH) and, ultimately, cirrhosis. It is 
defined as the presence of steatosis or steatohepatitis in 
the setting of insignificant alcohol consumption. The 
histologic appearance is very similar to that of alcoholic 
liver disease, often with findings of ballooning degen-
eration and even Mallory hyaline. Known risk factors 
for NAFLD include obesity (particularly, central 
obesity), type 2 diabetes mellitus, dyslipidemia, and 
metabolic syndrome; the patient’s age, male gender, and 
Hispanic white ethnicity are also factors. With obesity 
on the rise, NAFLD is now the most common chronic 
liver disease in the United States.

NAFLD develops in the setting of obesity and insulin 
resistance, which increases the free fatty acid accumula-
tion in the liver, causing steatosis and, in some cases, 
direct liver injury. Free fatty acid either undergoes 
β-oxidation or is esterified to form triglycerides, result-
ing in hepatic fat accumulation. The second step of 
injury is oxidative stress, which leads to NASH. The 
oxidative stress inhibits replication of mature hepato-
cytes to replace dead hepatocytes. This results in an 
expansion of hepatic progenitor cells, a factor that has 
been implicated in the progression of disease and devel-
opment of hepatocellular carcinoma.

Patients with NAFLD are usually asymptomatic. 
They may have complaints of fatigue and dull right 
upper quadrant pain. Incidental findings of an echo-
genic liver by ultrasound or abnormal liver testing 
usually prompt further investigation. When approach-
ing a patient with suspected NAFLD, a careful review 
of the patient’s medical history and use of medications 
and/or supplements should be obtained. Risk factors for 
NAFLD should be determined, and other causes of 
steatosis and abnormal liver tests should be ruled out. 
Drugs such as amiodarone, methotrexate, tamoxifen, 
steroids, valproic acid, and antiretroviral therapy can 
cause steatosis. Additionally, inborn errors of metabo-
lism, HELLP syndrome (hemolysis, elevated liver 
enzymes, low platelet count), and Reye syndrome can 
cause steatosis. Imaging and serologic testing to assess 
for causes of chronic disease should be obtained. For 
steatosis, the ultrasound sensitivity is 73% to 90% and 
the specificity is 69% to 85%. CT scanning and MRI 
have increased sensitivity and specificity for steatosis. 
CT imaging uses the spleen-to-liver attenuation ratio 
and Hounsfield units to determine whether steatosis is 
present. MRI technology allows quantification of fat. A 
liver biopsy is the gold standard for the diagnosis of 
NAFLD. Histologic study can differentiate simple ste-
atosis from NASH and also determine the degree of 

septal fibrosis or whether cirrhosis is present. NASH 
has features of inflammation and ballooning hepato-
cytes in addition to steatosis. The histologic findings of 
NAFLD are similar to those of alcoholic liver disease.

Treatment is based on lifestyle modification. Restric-
tion of calories or reduction of carbohydrates and fats 
in the diet improves steatosis and features of NASH. 
When weight loss of 5% of the baseline body weight is 
achieved with diet with or without exercise, steatosis 

improves. A loss of 7% to 9% of the baseline body 
weight is associated with an improvement in NASH 
histologic findings. Exercise with or without weight loss 
improves hepatic steatosis and insulin resistance. Short-
term studies have shown that taking vitamin E can 
improve NASH histologic findings in patients with 
NASH who are not diabetic. Though there are no long-
term data regarding their safety and efficacy, thiazoli-
dinedione drugs can be used in NASH.
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Alcohol abuse affects close to 20% of Americans, a rate 
that has been stable in recent years. The relationship 
between alcohol use and liver toxicity was first recog-
nized in 1793, and alcohol had a role in almost half of all 
cirrhosis-related deaths in 2009. The amount of alcohol 
consumption that can lead to health risks is estimated to 
be more than14 drinks per week in men and more than7 
drinks per week in women. A standard drink in the 
United States contains 12 g of alcohol. Alcohol-related 
liver disease can progress from steatosis to steatohepati-
tis, and result in cirrhosis and hepatocellular carcinoma. 
Fatty liver disease develops in 90% of patients who 
regularly consume more than 60 g of alcohol per day 
over about 1 to 2 decades, although it can occur in indi-
viduals who consume less than this. Mitigating factors 
that predict the degree of liver injury with alcohol use 
include the dose, duration, drinking pattern, and gender 
as well as the presence of coexisting liver disease, includ-
ing concomitant viral infection, iron overload, or 
obesity. Acute alcoholic hepatitis is a distinct entity 
describing the acute onset of symptomatic and severe 
hepatic inflammation and jaundice, typically in patients 
with very heavy alcohol use (>100 g/day) over decades, 
that is associated with significant rates of mortality.

The spectrum of alcoholic disease consisting of ste-
atosis, steatohepatitis, and fibrosis is not completely 
distinct, and the disorders often coexist. Ethanol 
induces steatosis through reduced oxidation of hepatic 
fatty acids and increased lipogenesis. On histologic 
study, macrovesicular fat typically accumulates in zones 
3 and 2. Not all patients will develop steatohepatitis, 
but cytokines, oxidative stress, and toxic metabolites all 
contribute to this process. Histologic findings are char-
acterized by ballooning degeneration, swollen hepato-
cytes with granular cytoplasm, and Mallory-Denk 
bodies, clumped intracellular organelles that may signal 
destruction. Fibrosis occurs when stellate cells are acti-
vated, mainly in zone 3.

The presentation depends upon the severity of liver 
disease. Steatosis is typically asymptomatic, whereas 
alcoholic hepatitis can present with fever, jaundice, and 
tender hepatomegaly. Patients with alcoholic cirrhosis 
often have stigmata of chronic liver disease of any cause 
(palmar erythema, spider angiomas, and gynecomastia).

There are no diagnostic tests for alcoholic liver 
disease, but biochemical studies often reveal elevated 
aminotransferases, rarely above 300 IU/L, with AST 
and ALT levels of more than 2 : 1, as well as macrocy-
tosis due to bone marrow toxicity. The diagnosis of 
alcoholic liver disease is based on the exclusion of other 
causes of liver disease with the appropriate history of 
alcohol use. Liver biopsy is not typically needed for the 
diagnosis, but can be helpful in staging the disease. 
Coexisting liver disease has been found on liver biopsy 
in up to 20% of heavy drinkers. The differential  
diagnosis of hepatic steatosis includes Wilson disease, 
hepatitis C (particularly genotype 3), nonalcoholic  
liver disease, starvation, use of parenteral nutrition,  
and certain medications (amiodarone, methotrexate, 
valproate, tamoxifen, glucocorticoids).

Abstinence is crucial to the management of alcoholic 
liver disease. Liver function can improve for up to 6  
to 12 months after complete cessation. Steatosis is  
typically asymptomatic and often reverses with 4 to 6 
weeks of abstinence; however, 5% to 15% of patients 
will develop progressive liver disease despite absti-
nence. Continued alcohol use increases the risk of pro-
gression to fibrosis or cirrhosis to close to 40%. Once 

decompensated cirrhosis develops, the expected 5-year 
transplant-free survival rate is 60% for those who 
abstain from alcohol use and 30% for those who con-
tinue to drink alcohol. Alcohol-related liver disease 
accounts for 20% to 30% of liver transplants in the 
United States and is offered to patients who have 
abstained from alcohol, typically for at least 6 months. 
The 5-year survival rates are similar to those found for 
other liver diseases, at around 70%.

The severity of alcoholic hepatitis is measured by the 
discriminant function, which incorporates the pro-
thrombin time and total bilirubin level into a calculation 
in order to determine the prognosis. Patients with a 
discriminant function of 32 or more are considered to 
have severe disease with a high short-term mortality 
rate. In the absence of systemic infection, severe acute 
alcoholic hepatitis is treated with glucocorticoids in 
order to significantly improve the 30-day mortality rate.
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OVERVIEW OF IRON METABOLISMhemosiDerosis, 
hemoChromatosis

Iron overload syndromes are categorized as those that 
are inherited, those that are acquired, and a rare group 
of miscellaneous disorders that have characteristics of 
both the others. The vast majority of patients with 
genetic iron overload, or hereditary hemochromatosis, 
have mutations in the HFE gene. Patients with chronic 
liver disease or various hematologic disorders often 
develop secondary iron overload or hemosiderosis. 
Excess hepatic iron deposition from any cause can 
damage hepatocytes and stimulate fibrosis through oxi-
dative stress and stellate cell activation.

The average daily diet contains 10 to 20 mg of iron, 
of which about 1 to 1.5 mg is absorbed, depending on 
the total body iron stores. Approximately 1 mg of iron 
is lost via sweat, shedding of skin cells, and gastrointes-
tinal losses per day. Ferric iron (Fe3+) is taken up in the 
diet, reduced to ferrous iron (Fe2+) in the intestine by 
vitamin C or ferri reductase, and actively absorbed in 
the duodenum via the divalent metal transporter-1. The 
expression of divalent metal transporter-1 is regulated 
by the amount of intracellular iron. Iron exits the baso-
lateral membrane of the enterocyte via ferroportin and 
enters the circulation for tissue delivery. Iron absorp-
tion is typically determined by total body iron levels. 
Hepcidin is the key iron regulatory hormone released 
from the liver when the total body iron is adequate. 
Hepcidin binds to and degrades ferroportin found on 
enterocytes and macrophages, thus decreasing intesti-
nal iron absorption and release from circulating cells. 
Increased demand for iron leads to decreased hepcidin 
expression, allowing ferroportin to transport iron from 
the gut and release iron from macrophages into the 
circulation. Once released, iron binds to the transporter 
protein transferrin for delivery to various tissues. Iron 
is taken up into many different cells by the transferrin 
receptors 1 and 2, where it is used as Fe2+ for the syn-
thesis of hemoglobin and respiratory enzymes. Trans-
ferrin also delivers iron to the liver, where it is stored 
as ferritin, which then can be mobilized back into the 
circulation depending upon need. Total body iron is 
normally about 4 g, the majority of which (3 g) is 
present in hemoglobin, myoglobin, and respiratory 
enzymes. About 0.5 g of iron is stored, more than half 
of which is found in the liver.

Iron absorbed from the intestine is primarily stored 
in the liver as ferritin. Ferritin accumulates in Kupffer 
cells and hepatocytes in circumscribed membrane-
enclosed structures corresponding to lysosomes called 
siderosomes, which are the brown-pigmented granules 
giving an iron reaction on conventional microscopy. A 
small number of iron granules in Kupffer cells will stain 
positive with the Prussian blue technique on conven-
tional microscopy in normal liver tissue, but more 
extensive staining is considered excessive.

Iron overload develops via increased intestinal 
absorption in the setting of normal iron intake (as seen 
in hereditary hemochromatosis), increased iatrogenic 
administration of iron (usually from multiple parenteral 
iron infusions or red blood cell transfusions, as seen in 
hematologic disorders such as thalassemia major, sid-
eroblastic anemia, or chronic hemolytic anemia), and 
rarely from prolonged oral intake of iron.

Excessive iron administration leads to diffuse and 
conspicuous findings of iron on histologic study, mainly 
in Kupffer cells. At normal levels, iron is stored as fer-
ritin; however, more extensive amounts of iron will be 
deposited in Kupffer cells and, sometimes, hepatocytes 

as hemosiderin. There is also extensive deposition in 
the reticuloendothelial system, a condition referred to 
as hemosiderosis, which involves the spleen, lymph nodes, 
and, to some extent, bone marrow in addition to the liver.

Hereditary hemochromatosis (HH) is caused by a defi-
ciency or dysfunction of hepcidin that can lead to exces-
sive iron absorption and deposition in the liver, pancreas, 
heart, and gonads. HH is primarily associated with 
mutations in the HFE gene: 80% to 90% of cases are 
homozygous for C282Y and about 5% are compound 

heterozygous for C282Y/H63D. Those with H63D 
mutations alone do not develop clinical iron overload, 
and compound heterozygotes typically develop iron 
overload only in the presence of another liver disease. 
The allelic frequency of the C282Y mutation in white 
North Americans and Northern Europeans is approxi-
mately 6% to 10%, making it the most common genetic 
disorder in this population. About 1 : 200 to 1 : 250 
white persons are homozygous for the C282Y mutation; 
however, the penetrance of HH is lower than previously 
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PATTERNS OF IRON DEPOSITION IN SECONDARY IRON OVERLOAD 
AND HEREDITARY HEMOCHROMATOSIS

thought, and progression to significant iron overload 
does not always occur. A large population study found 
that only about 75% of patients homozygous for C282Y 
had elevated iron parameters, and only 28% of males 
and 1% of females had disease-related symptoms over 
12 years. The remaining 10% to 15% of patients had 
non-HFE–related disease. Diseases in these patients 
included juvenile hemochromatosis, a severe form of 
the disease with defects in hepcidin or hemojuvelin, as 
well as mutations in the iron transporter protein fer-
roportin or in other proteins involved in iron metabo-
lism, such as the transferrin receptor.

The pattern of iron deposition is unique in HH, 
where excessive non–transferrin-bound iron will be 
taken up by parenchymal cells of the liver, heart, pan-
creas, and pituitary, as opposed to the reticuloendothe-
lial system. In early stages of HH, iron is deposited only 
in hepatocytes in the portal areas of the liver, but then 
fibrous septa will surround lobules and ultimately result 
in macronodular cirrhosis.

Excess iron deposition from any cause can damage 
liver tissue via iron-induced lipid perioxidation, leading 
to cell injury and death, followed by Kupffer cell and 
stellate cell activation, and, finally, collagen deposition.

Liver enzyme elevation, hepatomegaly, skin hyper-
pigmentation, dilated and restrictive cardiomyopathies, 
arrhythmias, diabetes, and erectile dysfunction should 
also elicit consideration of HH. Through increased 
awareness and family screening for the disease, 75% of 
patients are now diagnosed through laboratory testing 
while they are asymptomatic and do not have end-stage 
disease. However, the disease typically causes progres-
sive fibrosis with little or no inflammation; therefore, 
up to 12% of males and 3% of females still present with 
cirrhosis. Screening tests for HH are indirect measures 
of iron stores, serum transferrin saturation (TS), and 
ferritin. TS rises first in the setting of iron excess; then 
ferritin will rise as iron accumulates in tissues. Ferritin 
levels of more than 300 ng/mL in men and more than 
200 ng/mL in women and/or a TS of more than 45% 
are suggestive of the diagnosis. The cutoff value of TS 
at more than 45% increases the sensitivity of the 
screening test, but the test has a positive predictive 
value of only about 2%. Ferritin levels of more than 
1000 ng/mL are associated with an increased risk of 
cirrhosis (prevalence 20% to 45%), whereas the preva-
lence of cirrhosis with a ferritin level of less than 
1000 ng/mL is less than 2%. Both the ferritin level and 
TS can be elevated in the setting of acute or chronic 
inflammation, so timing and interpretation of testing in 
these settings should be considered.

HFE gene testing is recommended for any clinical 
features suggesting iron overload or in first-degree rela-
tives of C282Y homozygotes. Individuals found to have 
C282Y/C282Y or C282Y/H63D have HH, but the 
degree of iron overload should be assessed. If the ferritin 
level is elevated but is less than 1000 ng/mL and the 
transaminase levels are normal, patients may proceed 
directly to weekly phlebotomy therapy. If the ferritin 
level is more than 1000 ng/mL or the liver enzyme levels 
are elevated, liver biopsy is helpful to determine the 
hepatic iron concentration and degree of fibrosis.

Phlebotomy remains the treatment of choice despite 
the lack of placebo-controlled trials. A one-unit phle-
botomy of 500 mL removes about 250 mg of iron. Phle-
botomy of 500 mL is initially performed once every 1 to 
2 weeks as tolerated; it is decreased in frequency once 

the ferritin level is in the normal range. Phlebotomy is 
then scheduled in order to maintain the ferritin level at 
50 to 100 ng/mL (typically, three to four times per year). 
Treatment initiated prior to end-organ damage leads to 
survival rates similar to those in the general population. 
Treatment has been shown to be of benefit even when 
initiated after the onset of symptoms. Fatigue, skin 

pigmentation, cardiomyopathy, abdominal pain, and 
mild hepatic fibrosis are typically improved with treat-
ment; arthritis, diabetes, and cirrhosis are irreversible. 
Iron depletion can improve hepatic fibrosis in 13% to 
50% and reverse varices in close to 30% of patients, but 
patients with cirrhosis require continued hepatocellular 
carcinoma surveillance after iron has been depleted.

hemosiDerosis, 
hemoChromatosis (Continued)
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wilson Disease

Wilson disease (WD), or hepatolenticular degeneration, 
is a rare autosomal recessive disorder of copper transport 
that leads to pathologic accumulation of copper in the 
liver, cornea, and brain, thereby causing hepatic, neuro-
logic, and psychiatric disease. The diagnosis is often 
made by a combination of clinical, laboratory, and histo-
logic findings. Treatment with chelating agents or liver 
transplant has changed WD from a universally fatal 
disease to one with a normal life expectancy.

Wilson disease is caused by a mutation in the ATP7B 
gene that encodes a membrane-bound copper transport 
protein on chromosome 13. The gene product resides 
primarily in the hepatocyte trans-Golgi network, where 
it either incorporates copper into ceruloplasmin or 
directs it for excretion in bile, depending upon intracel-
lular levels; therefore, a mutation of ATP7B leads to 
hepatic copper accumulation. Once the liver’s capacity 
is exceeded, copper is released into the bloodstream and 
deposited in other organs, including the brain, kidneys, 
and cornea. Ionic copper promotes the production of 
reactive oxygen species that damage cell membranes, 
particularly of the mitochondria.

Patients typically present at between 5 and 35 years 
of age with variable severity of liver disease ranging 
from subtle abnormalities in laboratory or imaging 
studies to acute liver failure. Acute liver failure is associ-
ated with hemolytic anemia, coagulopathy, and acute 
renal failure. Prompt diagnosis is critical because the 
mortality rate without liver transplant approaches 
100%. Modestly elevated transaminases with normal or 
low alkaline phosphatase are diagnostic clues. Most 
symptomatic children present with liver disease, but 
many remain asymptomatic while young and present 
later with complications of cirrhosis. Neurologic mani-
festations are more common as the age of presentation 
increases; symptoms range from subtle changes in 
behavior to severe to extrapyramidal signs that include 
tremor, dysarthria, and spasticity.

Hepatic steatosis (both microvesicular and macrove-
sicular), glycogenated hepatocyte nuclei, and necrosis 
are commonly present in earlier stages of disease.  
With disease progression, there can be focal necrosis of 
hepatocytes that can mimic autoimmune hepatitis.  
Cirrhosis is typically present by the second decade of 
life and in most patients presenting with acute liver 
failure. Peripheral deposition of copper in the Des-
cemet membrane of the cornea causes the characteristic 
gold-brown Kayser-Fleischer rings and usually requires 
detection by slit-lamp examination. The rings are 
present in 95% of patients with neurologic symptoms, 
but only 40% to 50% of patients presenting with liver 
disease.

The diagnostic algorithm for the diagnosis of WD 
typically begins with the findings of ceruloplasmin, 
Kayser-Fleischer rings, and urinary copper content, and 
then progresses to a liver biopsy and genetic testing in 
selected patients. Ceruloplasmin is the best initial 
screening test for WD, because more than 90% of 
patients have low serum ceruloplasmin levels (< 20 mg/
dL). A ceruloplasmin level of less than 5 mg/dL is 
strong evidence of Wilson disease, whereas a level of 
more than 30 mg/dL virtually excludes the diagnosis. 
The diagnosis also requires demonstration of copper 
overload; therefore, if Kayser-Fleischer rings are not 
present, a 24-hour urinary copper excretion test is used; 
a level of more than 100 µg/24 hours in symptomatic 
patients is usually diagnostic, whereas with levels of 40 

to 100 µg/24 hours, additional testing is required. The 
hepatic copper concentration measured in liver biopsy 
tissue remains the gold standard for demonstrating 
copper excess, but it can be limited by sampling error 
given the marked variation in copper deposition in the 
cirrhotic liver. Values of 250 µg/g or more dry weight 
are typical in WD; levels of less than 50 µg/g generally 
exclude the disease.

Haplotype analysis of polymorphisms in genes flank-
ing the ATP7B gene is of value in testing first-degree 
relatives once an index case has been defined. Direct 
sequencing of the ATP7B gene itself can also be used 
to test first-degree relatives, in addition to confirming 
a primary diagnosis of WD. The presence of mutations 
on both chromosomes is diagnostic, whereas a mutation 
on a single chromosome provides additional support for 

the diagnosis in the appropriate setting. The lack of 
mutations does not exclude the diagnosis, because more 
than 500 mutations have been identified.

The chelating agents trientine and D-penicillamine 
promote the urinary excretion of copper, and zinc 
inhibits copper absorption through induction of intes-
tinal metallothionein. Worsening of neurologic symp-
toms has been reported with all treatments, likely a 
result of mobilizing copper stores, but rates are highest 
in those receiving D-penicillamine. About 75% to 90% 
of patients will have improvement or stabilization in 
symptoms with treatment, typically within 6 to 12 
months. Patients who discontinue medical therapy are 
likely to progress to acute hepatic decompensation or 
fulminant hepatic failure within 2 to 3 years. Monitor-
ing for medical compliance is critically important.
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Histology with periodic acid–Schiff positive hepatocytes (Images courtesy of Rebecca W. Van Dyke, MD.)
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Alpha-1 antitrypsin (A1AT) deficiency is an autosomal 
codominant disease that can lead to chronic liver disease 
with complications of cirrhosis and hepatocellular car-
cinoma (HCC) in children and adults. Over 100 differ-
ent mutant alleles have been discovered, but mutation 
of the Z allele is typically associated with liver disease. 
ZZ allele homozygotes (PIZZ) occur in approximately 
1 in 2000 to 5000 births in North American and North-
ern European populations. The clinical presentation is 
quite variable in disease severity as well as patient age, 
a result of genetic and environmental disease modifiers. 
There is no treatment except for liver transplant in 
advanced liver disease.

A1AT is a protein produced in the liver and secreted 
into serum to inhibit neutrophil proteases. Liver disease 
results from accumulation of mutant protein in the 
hepatocytes, not from insufficient antiprotease func-
tion, as is the case in lung disease associated with A1AT 
deficiency. A portion of nonpolymerized abnormal Z 
proteins are destroyed by a mechanism called endoplas-
mic reticulum–associated degradation. The remaining 
Z proteins spontaneously polymerize in the endoplas-
mic reticulum of the hepatocyte and cannot complete 
the secretory pathway. The presence of these polymers 
can trigger cell death and lead to hepatic fibrosis and 
HCC. Polymerized Z proteins are more resistant to 
destruction than nonpolymerized proteins, but a 
portion can be degraded by intracellular vacuoles in a 
process called autophagy. Individual variation in the effi-
ciency of the destructive pathways may explain differ-
ences in clinical penetrance observed among ZZ 
homozygotes. The presence of two Z alleles is indepen-
dently associated with liver disease, whereas the pres-
ence of one Z allele may increase the risk of developing 
liver disease from other causes.

There is a bimodal age distribution of liver disease 
with A1AT deficiency. It is the most common heredi-
tary liver disease in children, where it can present as 
neonatal hepatitis and cholestatic jaundice. About 80% 
of children with neonatal cholestasis will show no sign 
of chronic disease by age 18 years, and only 5% of 
patients presenting in childhood will develop life-
threatening liver disease. There is a second epidemio-
logic peak in adults, with the presentation ranging from 
very mild and clinically insignificant disease, to chronic 
hepatitis leading to cirrhosis and HCC. A Swedish 
case–control study showed that adults who are homo-
zygous for the Z allele have an 8-fold risk of developing 
cirrhosis and a 20-fold risk of developing hepatocellular 
carcinoma. The presence of the A1At heterozygote 
alone rarely causes liver disease. About 80% to 90% of 
adult heterozygotes with either cirrhosis or chronic 
hepatitis are found to have another cause of liver 
disease.

The diagnosis requires determination of the serum 
electrophoretic A1AT phenotype, not the serum level, 
as only the ZZ alleles are associated with liver disease. 
Liver biopsy tissue stained with periodic acid–Schiff 
stain and treated with diastase shows the characteristic 
globular, red-purple intracellular inclusions, most com-

monly in periportal areas and at the periphery of regen-
erating nodules.

There are no specific therapies for A1AT deficiency 
liver disease. Liver transplantation is indicated for those 
with decompensated cirrhosis or HCC. A1AT defi-
ciency is the most common metabolic liver disease 
requiring transplantation in children. Transplantation 
cures the metabolic defect: the A1AT phenotype 
becomes that of the donor, and liver disease does not 
recur. It is not clear whether liver transplantation can 

prevent the onset or progression of lung disease. Gene 
therapy has been promising in mouse models where 
mutant gene transcription or translation can be inhib-
ited, and wild-type A1AT protein synthesis is generated 
with an exogenous mRNA. There has been interest, but 
currently less success, in small molecules that may 
prevent abnormal folding of the Z protein to prevent 
polymerization, facilitate secretion, or promote degra-
dation, and enrollment for a human trial is currently 
underway.



	 Liver:	PART	III

60	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-58	

Liver section. 
Stained with
hematoxylin-eosin
large cells with fine
vacuoles

Intracellular glycogen. Stained with
Best carmine

Cataracts in
50% of cases

Fatty cirrhotic
liver

Foam cells in liver

Cherry-red spot
in macula

Glycogen storage disease

Galactosemia Niemann-Pick disease

other inheriteD metaBoliC 
DisorDers (von gierke 
Disease, galaCtosemia, 
niemann-piCk Disease)

In glycogen storage diseases, an inborn error of metabo-
lism results in excessive quantities of glycogen accumu-
lating in the liver cells, which become enlarged and 
exhibit a finely vacuolized or granulated cytoplasm with 
a central nucleus. The distended liver is smooth, glassy, 
and pink-brown. The fat content is usually higher than 
normal. Excessive glycogen deposition may occur also 
in other organs, especially the kidneys and heart. The 
pathogenesis of the glycogen deposition and its unusu-
ally long persistence after death appear to be explained 
by the deficiency of one of the many enzymes of car-
bohydrate metabolism. In glycogen storage disease I, or 
von Gierke disease, glucose-6-phosphatase, essential for 
conversion of glycogen to glucose, is absent. In another 
form, the enzyme that debranches glycogen, amylo-
1,6-glucosidase, is missing, resulting in an altered gly-
cogen structure. Deficiency of the branching enzyme is 
rare. In still another form, with a normal glycogen 
structure (Hers disease), liver phosphorylase is absent. 
The glucose release from the liver being reduced and 
its carbohydrate uptake by the liver therefore impaired, 
the blood sugar level is unstable. Occurring in early 
childhood, the disease leads to retardation of develop-
ment and growth, marked hepatomegaly (without jaun-
dice), and splenomegaly. The children succumb easily 
to infections. Only few have lived into adolescence. 
Glucose-tolerance curves show a diabetic tendency, and 
glycosuria may be present. Ketosis develops if food is 
withheld. The hepatic tests are not necessarily abnor-
mal, but liver biopsy reveals characteristic changes.

Galactosemia, another inborn disturbance of the car-
bohydrate metabolism, can be caused by deficiencies in 
three different enzymes, but the most common and 
severe form is caused by deficiency of galactose-1-phos-
phate uridyl transferase, the enzyme that converts 
galactose-1-phosphate to uridine diphosphate glucose. 
Excess galactose, not being converted to glucose and/
or glycogen, accumulates in the body and injures the 
lens (causing cataracts), and probably also the brain 
(causing mental retardation) and kidney (causing ami-
noaciduria). Though no evidence indicates that galac-
tose is hepatotoxic, the liver suffers, owing to reduced 
blood glucose, from endogenous malnutrition, which 
leads to fatty liver and, subsequently, fatty cirrhosis and 
splenomegaly from portal hypertension. Most patients 
should not reach these clinical manifestations because 
early screening programs in newborns are widely 
implemented in the United States.

Niemann-Pick disease, again a rare hereditary condi-
tion found almost only in Jewish children, is a disorder 
of lipid metabolism. Phosphatides, particularly sphin-
gomyelin, are excessively stored in the reticuloendothe-
lial cells of the liver and spleen, but also of other tissues. 
The Kupffer cells are greatly enlarged, are increased in 
number, and frequently have changed into foam cells 
with central nuclei. Occasionally, two nuclei are found 
in the enlarged cells. The excessive proliferation and 
enlargement of the Kupffer cells distort the hepatic 
architecture but cause no fibrosis, and no evidence for 

hepatic insufficiency exists. The clinical manifestations, 
which start within the first 3 months of life, are domi-
nated by anemia, cachexia, and mental retardation. The 
children are blind and deaf and hardly ever survive the 
second year. Cherry-red spots in the macula of the eye 
fundus are characteristic but are found also in Tay-
Sachs disease, which is associated with idiocy and never 
involves the liver.

In cerebroside lipidosis, or Gaucher disease, characterized 
by an accumulation of kerasin in the reticuloendothelial 

system, the liver is moderately enlarged. Its lobular 
architecture is but slightly distorted by the Gaucher cells, 
which are large polygonal cells with a small eccentric 
nucleus and an opaque homogeneous cytoplasm, or 
sometimes multinucleated giant cells. Only in an  
acute infantile form is this familial disease life-threat-
ening; the enormously enlarged spleen, spontaneous 
bone fractures, and hematologic manifestations of the 
chronic adult form do not severely interfere with life 
expectancy.
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Profound alterations of the liver may be induced when 
the hepatic blood flow or oxygen supply suffers second-
ary to disturbances elsewhere in the organism. A typical 
example is what can occur with cardiogenic shock or 
acute myocardial infarction. “Shock liver” or ischemic 
hepatitis can occur as a result of inadequate oxygenation 
of the liver. Clinically, this is characterized by rapid 
increase and rapid decrease in liver injury tests (AST 
and ALT). Histologic findings can be focal extravasa-
tion of blood into the tissue spaces and focal necrosis. 
If hypoxia is more severe and prolonged, central necro-
sis develops with or without disappearance of the liver 
cells; this development is followed by infiltration of 
neutrophils. The overall prognosis of the patient is 
dependent not so much on the liver injury as the sever-
ity of the systemic problem that caused the injury.

Hepatobiliary complications occur commonly in 
sickle cell anemia, a genetic disease more common in 
African Americans, which is caused by the presence of 
abnormal hemoglobin S (which differs from normal 
hemoglobin A). Hemoglobin S crystallizes readily, in 
contrast to the latter, under reduced oxygen tension. 
This characteristic of hemoglobin S alters the erythro-
cytes, which become sickle shaped, exceedingly fragile, 
easily agglutinable, and short lived. As a result, thrombi 
form, vascular occlusion occurs, and the typical picture 
of a hemolytic anemia evolves. Hepatobiliary complica-
tions can result from the direct effects of the sickling 
process in the liver itself or from the consequences of 
frequent hemolytic anemia. Because of the need for 
transfusions, patients are at risk for viral hepatitis, iron 
overload, and development of pigment stones, which 
can affect the liver. In addition, sickle cell hepatopathy 
occurs as a consequence of the vascular obstruction that 
results from sickling of the cells. The liver becomes 
enlarged and has a tense capsule and a purplish cyanotic 
hue as a result of the sickle cell thrombi in the sinusoi-
dal space. The lobular architecture is almost lost 
because of distention of all sinusoids by packed, 
crescent-shaped red cells. The liver cell plates are com-
pressed and frequently broken, and exhibit focal degen-
erative and necrotic changes. The Kupffer cells are 
enlarged and contain iron pigment and engulfed eryth-
rocytes. About 10% of sickle cell disease patients 
present with an acute sickle hepatic crisis with hepato-
megaly, right upper quadrant pain, nausea, low- grade 
fever, and elevated serum transaminases that reflect an 
ischemic pattern. Supportive care with hydration and 

pain control results in resolution within a few days. 
Some patients, however, may present with a variant that 
is associated with marked jaundice and renal failure. In 
this latter case, the mortality rate is much higher and 
may reflect the significant hepatic ischemic damage that 
may occur with hepatocyte ballooning and intracana-
licular cholestasis. Acute hepatic sequestration of sickle 
cells can occur more commonly in the spleen and lung 
and less often in the liver, but the large number of sickle 
cells can become sequestered in the liver, resulting in 

rapidly increasing hepatomegaly and dropping hemo-
globin levels. In this situation, overtransfusion should 
be avoided because cases of autotransfusion can become 
fatal if too many viable sequestered cells are suddenly 
released to the circulation, resulting in hyperviscosity 
syndrome. In an individual who has inherited the ability 
to form normal adult hemoglobin as well as hemoglo-
bin S, the liver alterations are of minor importance in 
accordance with the milder course of this condition, 
called sickle cell trait.
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The incidence of liver injuries following the adminis-
tration of drugs is rapidly increasing, in view of the 
greater use and variety of chemically complex drugs. 
Because reactions occur sporadically and the types of 
hepatic responses to injury are limited, it is frequently 
difficult to decide whether disordered hepatic function 
after taking a medication is caused by the drug, is a 
manifestation of the underlying ailment, or is an inde-
pendent liver disease, such as viral hepatitis or extrahe-
patic biliary obstruction.

Drug-induced hepatic injuries can be divided conve-
niently into those resulting from predictable drugs or 
those resulting from idiosyncratic drugs. The predict-
able drugs are those that were given therapeutically  
but were discovered to have established hepatotoxic 
activity and are therefore actually poisons. They are rep-
resented historically by carbon tetrachloride, used as an 
anthelmintic; chloroform, used as an anesthetic; and 
phosphorus, ingested accidentally. More recently, pre-
dictable hepatic injury is seen with excessive acetamino-
phen ingestion, often occurring as a result of suicidal 
intent or accidental ingestion. Areas of necrosis are dis-
tributed regularly throughout the liver, usually with 
zonal predominance, with or without steatosis. The lesion 
depends on the dose taken, and it is universally found with 
sufficiently high doses. Alcoholic patients are usually 
more susceptible. In the case of acetaminophen, the 
rationale for the susceptibility is due to the fact that  
the toxic metabolite for acetaminophen occurs when 
the drug is shunted toward the cytochrome P450 
pathway, which is up-regulated with chronic alcohol 
ingestion. Furthermore, glutathione, which protects 
from the toxicity of the active metabolite, is depleted in 
alcoholics. The mortality rate depends on the dose of the 
responsible substance. There is little mystery about this 
type of injury, the problem being mainly the detection 
of the exposure.

Idiosyncratic reactions that result in drug-induced 
injury remain a clinical challenge. The injury pattern 
may be hepatitic or cholestatic, or mixed, and it may be 
acute or chronic in appearance. On histologic study, 
many different features are seen, including hepatitis, 
cholestasis, and steatosis. For cholestatic injury, jaundice 
may occur and clinical and laboratory manifestations 
resembling extrahepatic biliary obstruction may be present. 
On histologic study, centrilobular cholestasis may be seen 
with bile plugging with or without portal inflammation. 
An example of pure cholestasis without significant 
inflammation is seen with use of anabolic steroids or 
oral contraceptives. Cholestatic hepatitis characterized 
by portal inflammation, cholestasis, and hepatocellular 
injury, often with bile duct proliferation, can be seen 

with amoxicillin-clavulanate, herbal products, erythro-
mycin, and angiotensin-converting enzyme inhibitors. 
Another pattern seen with an idiosyncratic drug reac-
tion is an acute hepatitis pattern similar to that of viral 
hepatitis. In morphologic terms, the whole spectrum, 
from acute spotty necrotic hepatitis to acute massive or 
submassive necrosis, is seen, and as a rule, the structural 
changes are even more severe than would be expected 
from the clinical picture. The resemblance to viral 
hepatitis has made it difficult to establish a causal 

connection, and usually a number of cases must be 
observed before suspicion is aroused and a relation 
between drug intake and hepatitis is confirmed. Among 
the drugs implicated are phenytoin, methyldopa, iso-
niazid, and diclofenac. Again, dose dependency is not 
clear, and although the incidence of hepatitic manifesta-
tions is extremely low, the mortality rate is relatively high. 
If, therefore, a drug is associated with hepatitic reac-
tions, most probably on a hypersensitivity basis, its 
further use should not be attempted.
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ACUTE VIRAL HEPATITIS A AND E

aCute hepatitis (hepatitis  
a anD e)

HEPATITIS A VIRUS

Hepatitis A virus is classified within the genus Hepato-
virus of the Picornaviridae family. It is a nonenveloped, 
single-stranded, positive-sense RNA of 7.5 kb. A single 
open reading frame produces a large polyprotein that 
is cleaved by viral protease to form capsid proteins and 
several nonstructural proteins. Hepatitis A virus repli-
cates in the cytoplasm of infected hepatocytes and is 
transported to the bile and excreted in stool.

Hepatitis A virus is transmitted via a fecal-oral route 
through contaminated water. It can also be transmitted 
through close physical contact. Humans are the prin-
ciple hosts, and the disease occurs throughout the 
world. Unlike other viral hepatitis diseases, hepatitis A 
virus does not cause chronic liver disease. Worldwide 
there are 1.4 million cases of hepatitis A; it can occur 
sporadically and in epidemics. It is a frequent cause of 
food-borne infection. In developing countries with 
poor sanitary conditions, 90% of children are infected 
with hepatitis A virus before the age of 10 years. Epi-
demics are unusual because most of the older children 
and adults in a community are immune. In developed 
countries with good sanitary and hygienic conditions, 
the infection rate of hepatitis A virus is low. Disease 
occurs in adolescents and adults who use intravenous 
drugs, men who have sex with men, and persons who 
travel to endemic areas.

Clinical Manifestations and Diagnosis
The presentation of acute hepatitis A infection depends 
on the age at the time of infection. More than 75% of 
adults have symptoms of jaundice and nausea. Seventy 
percent of infections in children younger than 6 years 
of age are asymptomatic.

The incubation period averages 14 to 28 days and is 
followed by nausea, jaundice, abdominal pain, fever, 
and fatigue. The illness is usually a self-limiting one, 
with symptoms lasting for several weeks to months. 
Occasionally, serious complications with acute liver 
failure and renal failure can occur with relapses. In the 
United States, 100 deaths a year are attributed to ful-
minant hepatitis A infection.

Clinically, acute hepatitis A cannot be distinguished 
from other viral hepatitis infections. Anti–hepatitis A 
virus immunoglobulin M (IgM) can be detected in the 
blood for acute infections, and IgG will be positive in 
all patients who have previously been exposed to hepa-
titis A.

Treatment and Prevention
The mainstay of treatment is supportive care. Hepatitis 
A can be prevented by improving sanitary conditions by 
supplying safe water and proper disposal of sewage. 
Improving personal hygiene by washing the hands with 
safe water can reduce the spread of hepatitis A.

A hepatitis A vaccination was developed in the mid-
1990s. After administration of the first dose, 94% of 
persons develop immunity, and 100% achieve immu-
nity with a second dose of the vaccine. Hepatitis A is 

part of the childhood vaccination series. Individuals 
traveling to high-risk areas of the world should be vac-
cinated if they have not been vaccinated in the past. 
Hepatitis A immunoglobulin has been developed to be 
used in postexposure prophylaxis. If the immunoglobu-
lin is given within the first 2 weeks after exposure, the 
disease is prevented in more than 85% of cases. If given 
after 2 weeks from the time of exposure, there will be 
a reduction in the duration and severity of symptoms. 
Another group in whom immunoglobulin treatment is 

indicated is children younger than 2 years of age who 
will be traveling to countries with high rates of hepatitis 
A infection.

HEPATITIS E VIRUS

Hepatitis E virus (HEV) belongs to the genus Hepevirus 
in the Hepeviridae family. It is a nonenveloped, positive-
sense, single-stranded RNA genome that is 7.2 kb in 
length. There are four major genotypes. HEV1 (Asia) 
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and HEV2 (Africa and Mexico) are transmitted via a 
fecal-oral route in developing countries and are 
restricted to human beings. HEV3 (worldwide distribu-
tion) and HEV4 (predominantly in southeast Asia) 
infect humans, pigs, and other mammals and are 
responsible for sporadic cases of hepatitis E in devel-
oped and developing countries. Although hepatitis E 
infection is not common in the United States, 
population-based surveys indicate that 21% of U.S. 
adults have anti-HEV antibody, a percentage higher 
than that for hepatitis B or C, and that the rate of 
antibody positivity increases with age.

Hepatitis E virus infection is globally the most 
common cause of acute hepatitis and jaundice. It is 
estimated that every year there are 20 million hepatitis 
E infections worldwide. In developing countries, there 
are epidemics of acute hepatitis due to HEV. On the 
other hand, in developed countries small outbreaks are 
associated with consumption of undercooked pork or 
wild game or exposure to pigs. Additionally, cases have 
been associated with consumption of shellfish and with 
blood transfusions. When acute hepatitis E infection 
occurs in developed countries, secondary spread is rare. 
Risk factors are age and male gender. It is thought that 
most infections in developed countries are subclinical 
and mild.

Clinical Manifestations and Diagnosis
Hepatitis E virus most often causes an acute hepatitis. 
The infection has an incubation period of 3 to 8 weeks. 
Symptoms, including jaundice, dark urine, abdominal 
pain, nausea and vomiting, fever, hepatomegaly, and 
anorexia, develop 6 weeks after exposure, shortly after 
the ALT level rises, and can last 1 to 2 weeks. The 
fatality rate is approximately 5% and is associated with 
the complication of fulminant hepatitis during preg-
nancy. The maternal fatality rate has been reported at 
16% to 20% for women who develop acute hepatitis E 
infection during the third trimester of pregnancy. In the 
United States, acute liver failure due to hepatitis E 
accounts for less than 1% of the cases in adults.

Hepatitis E was thought to be merely an acute, self-
limited infection, but it is now known that in immuno-
compromised patients, hepatitis E can be chronic. 
Hepatitis E virus RNA can be detected in serum and 
stool for years; it can be associated with abnormal 
serum aminotransferase levels and can progress to 
fibrosis and cirrhosis. Extrahepatic manifestations of 
HEV infection include arthritis, pancreatitis, aplastic 
anemia, polyradiculopathy, Guillain-Barré syndrome, 
Bell palsy, peripheral neuropathy, ataxia, and mental 
confusion. The neurologic symptoms resolve as hepa-
titis E resolves.

The diagnosis of hepatitis E is difficult because clini-
cal manifestations are similar to those of other types of 
viral hepatitis and because anti-HEV antibody testing 
is commercially available but has not been approved by 
the Food and Drug Administration. HEV IgM peaks 
early and becomes undetectable during recovery. HEV 
IgG appears later and persists for the long term. HEV 
RNA is detectable in stool and serum during the 

incubation period; serum HEV RNA levels decrease as 
symptoms improve, but the virus can be detectable in 
the stool even after the symptoms resolve.

Treatment and Prevention
Acute hepatitis from HEV is usually self-limited. For 
chronic hepatitis E infection that usually occurs in the 
setting of solid-organ transplantation, reduction of 
immunosuppression leads to spontaneous viral clear-
ance in a third of the patients. Small studies have shown 

that treatment with pegylated interferon and ribavirin 
alone or in combination can be used to clear the 
infection.

As for prevention in developed countries, because the 
infection is a zoonosis, prevention may be possible by 
cooking pork (heating at 160°F) for 20 minutes or 
longer and avoiding shellfish, especially if a person is 
immunocompromised or is pregnant. A vaccination  
has been developed in China and has an efficacy rate  
of 95%.

aCute hepatitis (hepatitis  
a anD e) (Continued)
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Note: Serologic markers of HBV infection vary depending on whether the infection is acute or chronic. 

The first serologic marker to appear following acute infection is HBsAg, which can be detected as early as 1 
or 2 weeks and as late as 11 or 12 weeks (mode, 30-60 days) after exposure to HBV. In persons who 
recover, HBsAg is no longer detectable in serum after an average period of about 3 months. HBeAg is 
generally detectable in patients with acute infection; the presence of HBeAg in serum correlates with higher 
titers of HBV and greater infectivity. A diagnosis of acute HBV infection can be made based on the 
detection of IgM class antibody to hepatitis B core antigen (IgM anti-HBc) in serum; IgM anti-HBc is 
generally detectable at the time of clinical onset and declines to sub-detectable levels within 6 months. IgG 
anti-HBc persists indefinitely as a marker of past infection. Anti-HBs becomes detectable during 
convalescence after the disappearance of HBsAg in patients who do not progress to chronic infection. The 
presence of anti-HBs following acute infection generally indicates recovery and immunity from reinfection.

Portal and periportal inflammation in chronic hepatitis B. A, Marked expansion of a portal tract with a 
lymphoplasmacytic infiltrate. There is interface hepatitis, obscuring the limiting plate. A lymphoid follicle 
is also present (lower center). B, Higher power examination shows swollen hepatocytes and an acidophil 
body (arrow) in this area of interface hepatitis. Mild ductular reaction is also seen. (From Hytiroglou P. 
Practical Hepatic Pathology: A Diagnostic Approach, 17, 215-224, F17-1.)

hepatitis B anD hepatitis D

HEPATITIS B VIRUS

Hepatitis B virus (HBV) is a small (42-nm), circular, 
partially double-stranded circular DNA virus in the 
Hepadnaviridae family. It is composed of a nucleocapsid 
core that encloses the viral DNA and a DNA poly-
merase (reverse transcriptase). The core is surrounded 
by an outer envelope that has embedded proteins that 
facilitate binding to and entry into hepatocytes.

The virus membrane fuses with the host cell’s mem-
brane, releasing DNA and core proteins into the cyto-
plasm. The viral nucleocapsids enter into and deliver 
the viral genome to the nucleus, where the second-
strand DNA synthesis is completed and a covalently 
closed circular (ccc) DNA is formed. The ccc DNA is 
the template for four viral RNAs. The largest RNA 
makes new copies of the genome, capsid core protein, 
and viral DNA polymerase. After further processing, 
the four viral RNA transcripts form progeny virions, 
which are released from the cell or returned to the 
nucleus and used to produce more copies.

Natural History of Hepatitis B  
Virus Infection
It is estimated that 240 million people globally are 
infected with chronic hepatitis B. The most common 
route of transmission in endemic areas of the world is 
vertical transmission from mother to child. Of infants 
and young children who are acutely infected with HBV, 
30% to 90% will progress to chronic HBV infection. 
Less than 5% of patients infected during adolescence 
or adulthood will progress to chronic hepatitis B. 
Patients who are infected via vertical transmission will 
progress to the immune-tolerant phase, with HBeAg-
positive, high-serum HBV DNA and normal ALT 
levels. The immune-tolerance phase lasts for 10 to 30 
years; after 20 years of infection, HBeAg will have 
cleared in 15% of patients. Subsequently, patients will 
progress to the immune-clearance phase, in which the 
rate of spontaneous HBeAg clearance increases to 10% 
to 20 % per year. During this phase, there is frequently 
a rise in transaminases with an increase in serum  
HBV DNA. Patients are usually asymptomatic. Rarely 
patients can develop hepatic decompensation and liver 
failure. Patients are considered to be in the inactive 
carrier phase when anti-HBe is positive and low or 
undetectable HBV DNA is persistent. Patients can 
remain in this phase or develop HBeAg-negative or 
HBeAg-positive chronic hepatitis B. When HBsAg 
becomes negative, the infection has resolved. The 
annual rate of clearing of HBsAg is up to 2% in Western 
patients. The prognosis is good in patients in whom 
infection has resolved and who do not have cirrhosis, 
but the risk of cirrhosis and hepatocellular carcinoma 
remains.

Presentation and Diagnosis
Once a person has been exposed to HBV, the incuba-
tion period is 60 to 150 days (average, 90 days) before 
symptoms of fatigue, nausea, vomiting, malaise, abdom-
inal pain, and jaundice appear. At times patients will 
present with arthritis and skin rash. The presentation 
varies by age. Children younger than 5 years of age and 
immunocompromised adults are asymptomatic with 
acute HBV infection. Of patients 5 years of age or 
older, 30% to 50% have symptoms with acute HBV 
infection. Fulminant liver failure is rare but can occur 
as acute infection or as reactivation in an immunosup-
pressed patient who has chronic hepatitis B infection.

Chronic hepatitis B can result in cirrhosis and end-
stage liver disease with liver-related complications, 
including ascites, fluid overload, hepatic encephalopa-
thy, or variceal bleeding. Liver cancer can be the pre-
sentation of HBV in patients chronically infected with 
the virus with or without cirrhosis.

Diagnosis of infection can be made by serologic 
testing for specific markers of hepatitis B, and the phase 
of infection can be determined by these tests.

Treatment, Management, and Prevention
Not all patients with HBV infection will benefit from 
treatment. Patients with HBeAg-positive or HBeAg-
negative chronic hepatitis B with ALT elevation, high 
HBV DNA, moderate to severe inflammation, or sig-
nificant fibrosis found on biopsy should be considered 
for treatment. Patients who present with fulminant 
hepatic failure or develop liver dysfunction in associa-
tion with a flare of infection should also be treated with 
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Schematic depiction of the natural phases of chronic HBV infection
HBV=hepatitis B virus. 
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(From Trepo C, Chan HLY, Lok A. Hepatitis B virus infection. Lancet. 2014; 384:2053-2063.)

HBeAg-positive chronic
HBV infection

Chronic HBV infection, HBeAg positive, HBV DNA >20 000 IU/mL, abnormal or
fluctuating aminotransferase concentrations

Inactive HBV carrier Chronic HBV infection, HBeAg negative, anti-HBe positive, HBV DNA undetectable
or <2000 IU/mL, persistently normal aminotransferase concentrations

HBeAg-negative
chronic HBV infection

Chronic HBV infection, HBeAg negative, HBV DNA >2000 IU/mL, persistent or
intermittently increased aminotransferase concentrations

Acute exacerbation of
chronic HBV infection

Abrupt rise of aminotransferase concentrations to >5 times the upper limit of
normal and more than twice the baseline concentration

Resolved HBV infection

Chronic HBV infection, HBeAg positive, HBV DNA >20 000 IU/mL, persistently
normal aminotransferase concentrations

Previous known history of acute or chronic HBV infection, HBsAg negative,
undetectable HBV DNA in serum, and normal aminotransferase concentrations
with anti-HBc and anti-HBs

HBV=hepatitis B virus.

Phases of chronic HBV infection

an oral nucleos(t)ide analog. Previously, the only treat-
ment was interferon-alpha via a parenteral route for a 
finite period of time. Interferon-alpha is contraindi-
cated in patients with decompensated cirrhosis and 
pregnancy. There are now several nucleoside and 
nucleotide analog therapies, which allow treatment 
with an oral agent until a specific end point is met. The 
goal of treatment is to suppress HBV replication or to 
achieve remission of liver disease. The newer nucleo-
side analogs are highly potent and have a high barrier 
to resistance; these characteristics allow the drugs to be 
used for a prolonged time without the development of 
resistance. While undergoing treatment, patients  
need close laboratory monitoring for the development 
of resistance, which will first present with a rise in  
HBV DNA.

Patients who will be treated with chemotherapy or 
immunosuppressive therapy who have chronic hepatitis 
B or are carriers for the virus should be started on 
prophylactic immunosuppressive therapy before they 
are given immunosuppressive therapy specifically to 
prevent a flare in HBV. Treatment should continue for 
6 months after immunosuppression is stopped or until 
the end point of HBV treatment is met, depending on 
the status of the virus prior to chemotherapy. An 
HBcIgG-positive patient should not routinely be given 
prophylactic therapy for HBV prior to chemotherapy 
or immunosuppressive therapy but should be moni-
tored closely; treatment should be initiated when HBV 
DNA becomes detectable.

Pregnant patients with hepatitis B and a safe preg-
nancy profile in the third trimester should be started on 
a nucleoside analog if the viral DNA level is high, 
because the analog will reduce the likelihood of vertical 
transmission. When an infant is born to a mother with 
chronic infection, it is important to vaccinate the 
newborn with hepatitis B immunoglobulin and start a 
hepatitis B immunization series, with the first injection 
immediately after birth. Both passive and active  
vaccination is 95% efficacious in preventing vertical 
transmission.

Hepatitis B vaccine became available in 1982. It 
became part of the childhood vaccination series in 1991. 
Completion of the three-dose schedule results in 95% 
of patients having protective HBs antibody levels; the 
protection is thought to be lifelong. Persons who 
should be vaccinated are those who have frequent blood 
transfusions or exposure to blood (e.g., hemodialysis 
patients, recipients of a solid-organ transplant), prison-
ers, intravenous drug users, those who are household 
and sexual contacts of a patient with chronic hepatitis 
B, those who have multiple sexual partners, healthcare 
workers, and travelers to endemic areas. Patients should 
be educated regarding modes of HBV transmission, and 
all members in the same household should be tested for 
hepatitis B and immunized. Sexual partners should use 
barrier contraception to prevent sexual transmission 
until they are vaccinated for hepatitis and immunity has 
been confirmed by serologic testing. Patients should 
not share razors, nail clippers, or toothbrushes. If there 
is a blood spill, the area should be cleaned with bleach 
and wounds should be covered.

The risk of HCC is higher at a younger age in patients 
from Africa, so the recommendation is to screen these 
patients at age 20 years. In patients who have a family 
history of HCC, screening for the carcinoma should 

begin when the patient is 10 years younger than the age 
at which HCC was diagnosed in the family member. 
Otherwise, in men, surveillance for HCC begins at age 
40 years, and in women, at age 50 years.

HEPATITIS D VIRUS

Hepatitis D virus (HDV) replication depends on enve-
lope protein production from HBV and can only be 
present in the setting of hepatitis B infection. There are 
two types of infections. Coinfection occurs commonly 

in the Mediterranean area and parts of South America. 
Clinically, patients present with severe acute hepatitis 
with a worse outcome than with HBV infection alone. 
Chronic infection is rare. The second type of infection 
is superinfection, which occurs when patients with 
chronic HBV become infected with HDV. The presen-
tation can be of exacerbation of HBV infection or of 
acute hepatitis in carriers of HBV, which can lead to 
chronic infection by both viruses. Chronic HBV and 
HDV coinfection leads to cirrhosis and decompensated 
disease earlier than does HBV infection alone.

hepatitis B anD hepatitis D 
(Continued)
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Most patients with HCV have abnormal liver (ALT,
AST) findings.

Liver biopsy plays an important role in diagnosis
and prognosis.

Twenty percent of patients develop cirrhosis by 20
years of age.
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HCV is formed by an enveloped particle harboring a plus-strand RNA of 9.6 kb. The genome carries a long open reading frame (ORF)
encoding a polyprotein precursor of 3010 amino acids. Translation of the HCV ORF is directed via a 340 nucleotide long 5' nontranslated
region (NTR) functioning as an internal ribosome entry site; it permits the direct binding of ribosomes in close proximity to the start codon
of the ORF. The HCV polyprotein is cleaved co- and post-translationally by cellular and viral proteases into ten different products, with the
structural proteins (core (C), E1 and E2) located in the N-terminal third and the nonstructural (NS2-5) replicative proteins in the remainder.
Putative functions of the cleavage products are shown (From Ashfaq UA, Javed T, Rehman S, et al.  An overview of HCV molecular biology,
replication and immune responses. Virology, 2011; 8:161, F1.)
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The risk for hepatocellular carcinoma is estimated
to be:
   1% to 5% per year after 20 years of disease or
   1% to 4% per year in patients with cirrhosis.

Clinical picture of Hepatitis C infection

Proteins encoded by the HCV genome

hepatitis C

Hepatitis C infection is common worldwide; it is esti-
mated that 3% of the population has HCV. The preva-
lence is higher in the Far East, Mediterranean countries, 
and some areas of Africa and Eastern Europe. In the 
United States, 20% of cases of acute viral hepatitis are 
due to HCV. The prevalence of anti-HCV is highest in 
injection drug users and hemophilia patients.

Hepatitis C virus is a single-stranded, enveloped, 
positive-sense RNA virus of 50 nm; it is classified as a 
Hepacivirus within the Flaviviridae family. There is one 
long open reading frame that codes a large polyprotein 
that undergoes posttranslational cleavage to produce 
structural (core, E1 and E2) and nonstructural (NS2 to 
NS5) proteins. The NS3 and RNA-dependent RNA 
polymerase are essential for viral replication and are 
targets for HCV therapy. The core protein makes the 
viral nucleocapsid and interacts with cellular proteins 
to affect host cell functions. Envelope glycoproteins 
(E1 and E2) are highly glycosylated and are important 
in cell entry. E2 has two hypervariable regions, which 
are constantly mutating; this process allows it to escape 
immune surveillance by the host.

HCV infects hepatocytes and causes damage by a 
host immune-mediated cytolytic response and direct 
cytopathic effect. Known risk factors for disease pro-
gression are coinfection with or and alcohol intake. In 
patients with HCV/HBV coinfection, the risk of hepa-
tocellular carcinoma is higher than in patients infected 
with either virus alone.

Acute infection has an incubation period of 6 to 10 
weeks. The majority of patients are asymptomatic. In 
20% to 25%, the presentation will be insidious, with 
vague abdominal discomfort, anorexia, nausea, vomit-
ing, fatigue, and jaundice. Acute liver failure from HCV 
infection is rare. In 80% to 90% of acute hepatitis C 
infections, the virus will not clear for more than 6 
months and will become chronic hepatitis C infection.

Patients with chronic hepatitis C are usually asymp-
tomatic, with chronically abnormal liver enzymes that 
fluctuate. The presenting symptom is decompensated 
liver disease or hepatocellular carcinoma, which devel-
ops after more than 20 years of exposure to the virus. 
Up to 20% of chronic hepatitis C patients will develop 
cirrhosis. Approximately 20% to 25% of cirrhotic 
patients will develop liver failure and die. HCV is one 
of the leading indications for liver transplantation in  
the United States. HCV cirrhosis is also associated  
with hepatocellular carcinoma, with a yearly incidence 
of 3% to 5%.

The diagnosis of HCV can be made by anti-HCV 
detected by ELISA immunoassay. Anti –HCV develops 
2 to 8 weeks after liver injury and may not be detected 
for 6 to 9 months after symptoms begin. Anti-HCV will 
be detectable even after the patient has recovered from 
an acute infection. HCV RNA testing by reverse tran-
scription polymerase chain reaction assay can detect 
infection within days of exposure. Because HCV RNA 
detects viremia, it will be positive only in patients with 
active infection and not in patients who were previously 
exposed and in whom infection has resolved. Infants 

born to mothers with hepatitis C should not be tested 
until after 12 months, preferably at 18 months, because 
of the possibility of false-positive testing due to circu-
lating maternal antibodies.

Extrahepatic manifestations of HCV infection 
include cryoglobulinemia, lymphoma, membranopro-
liferative glomerulonephritis, necrotizing vasculitis, 
arthritis, and porphyria cutanea tarda.

Previously, treatment was based on interferon-alfa 
and ribavirin with limited success and many side effects. 
With newer direct-acting antiviral agents that inhibit 
viral replication, the viral clearance rate has dramati-
cally increased and the vast majority of patients can be 
cured. These newer agents are an oral treatment 
regimen that is interferon free and can be used to treat 
all stages of liver disease with minimal side effects. The 
most important factor in determining successful viral 
clearance is the genotype of HCV, and this is factored 
into the treatment regimen and duration of treatment. 
Direct-acting antiviral agents target NS3/4A protease 
inhibitors, NS5B polymerase inhibitors, and NS5A 

inhibitors. Additional targets for therapy include host 
factors.

HCV is spread by blood exposure. Before screening 
of blood products for the virus began in 1992, patients 
were exposed to the virus through blood transfusion. 
Because there is a small window of time in which HCV 
RNA may not be detected immediately after acute 
infection, it is best to avoid blood transfusions unless 
indicated. The virus is spread through sharing of 
infected needles by intravenous drug users, and there 
have been needle-exchange programs to help minimize 
the spread of HCV. Although it is not a common route 
of transmission, sexual transmission has been reported 
in patients with high-risk behaviors. Vertical transmis-
sion can occur (5%) with HCV infection. When the 
mother is coinfected with HCV/HIV, there is a higher 
risk of vertical transmission due to a high HCV viremia.

Patients with HCV infection should not share razors, 
toothbrushes, or nail clippers, and any blood spilled 
should be cleaned up with bleach. There are no vaccina-
tions available to protect household members.
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Herpes hepatitis (Courtesy of 
Rebecca W. Van Dyke, MD.)

Cytomegalovirus  (Courtesy of 
Dr. Appleman.)
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Clinical Presentation of Varicella Zoster Virus

Herpes Simplex Virus

Cytomegalovirus

hepatitis CauseD By 
herpesviriDae

Herpesviridae is a group of DNA viruses that includes 
herpes simplex virus types 1 and 2, cytomegalovirus, 
Epstein-Barr virus, and varicella-zoster virus. The 
common characteristic of the Herpesviridae is that after 
an initial infection, the virus remains dormant within 
the body for life. When patients have severe immune 
impairment because of disease, medications such as 
immunosuppressants or chemotherapeutic agents, or 
clinical illness, the virus can reactivate and become 
symptomatic.

HERPES SIMPLEX VIRUS

Hepatitis is not a common manifestation of herpes 
simplex virus (HSV) infection in immunocompetent 
adults. Patients who are most susceptible to hepatitis 
are pregnant patients in the third trimester and immu-
nosuppressed patients. The infection can lead to acute 
liver failure and represents less than 1% of cases of 
acute liver failure in the United States.

Clinical manifestations of fulminant hepatic necrosis 
are vague, and not all patients have mucocutaneous 
lesions. In pregnant patients, only 30% will have skin 
lesions, and a high degree of suspicion is needed to 
initiate treatment early to prevent liver disease requir-
ing transplant or leading to death. Serum aminotrans-
ferase levels are 100-fold to 1000-fold above normal, 
and patients have a hepatocellular pattern of liver 
injury. Liver biopsy will show necrotic areas and intra-
nuclear inclusions surrounded by a clear halo. The 
diagnosis can be made by HSV DNA polymerase chain 
reaction testing. Treatment is with acyclovir or 
valacyclovir.

CYTOMEGALOVIRUS

Cytomegalovirus (CMV) is transmitted by direct 
person-to-person contact, exposure to body fluids that 
contain CMV, or contact with fomites. When healthy 
immunocompetent patients acquire the virus, the 
symptoms are minimal and there are no long-term 
complications of the infection. Symptoms may include 
fever, mild hepatitis, and a mononucleosis-like syn-
drome that lasts 3 to 6 weeks. Serious complications can 
arise for infants infected in utero or during delivery, 
causing neonatal hepatitis, or for immunocompromised 
patients. In immunocompromised patients, the presen-
tation can be hepatitis with vague systemic symptoms 
and a rise in liver transaminases. A high degree of sus-
picion is needed to detect the infection, and a liver 
biopsy can be helpful.

CMV can be diagnosed by polymerase chain reaction 
assay or viral culture of body fluids. CMV IgM is posi-
tive in active infection. The IgM can be positive not 
only in new infections but also in reactivations of previ-
ous infections or after recent exposure in a patient who 
has a history of CMV in the past. It is also possible to 
have a false-positive test. Therefore, CMV IgM should 
not be used alone to diagnose the infection. Liver his-
tologic study reveals cytomegalic nuclear inclusions 
(intranuclear inclusions surrounded by a clear halo; 
owl’s eye appearance) and cytomegalic cytoplasmic 
inclusions (basophilic or amphophilic granules of 
various size); hepatic necrosis can also be seen.

Treatment is not recommended for healthy individu-
als. Antiviral therapy (ganciclovir) is used for immuno-
compromised patients with life-threatening CMV 

infection or CMV infection involving an organ that can 
result in complications.

EPSTEIN-BARR VIRUS

Epstein-Barr virus (EBV) is also known as human her-
pesvirus 4. It produces a common viral infection that is 
found throughout the world. EBV is transmitted through 
body fluids, especially saliva. There is an incubation 
period of a few weeks. It is a common childhood infec-
tion, and clinical manifestations are similar to those of 
the usual childhood illnesses. When teenagers or adults 
are infected with EBV, it commonly causes infectious 
mononucleosis, with symptoms of fever, swollen lymph 
nodes in the neck, inflamed throat, fatigue, splenomeg-
aly, hepatomegaly, and rash. The symptoms will last 2 to 
4 weeks, although fatigue can last several months.

The diagnosis of the virus can be made clinically in 
patients with typical symptoms. When the clinical picture 
is not clear, blood tests to detect the viral capsid antigen 
(IgG or IgM), early antigen, or EBV nuclear antigen are 
helpful. Treatment focuses on supportive care.

VARICELLA-ZOSTER VIRUS

Varicella-zoster virus is transmitted by respiratory 
droplets and via conjunctiva. Initially, the virus repli-
cates in the nasopharynx or regional lymph nodes. After 
4 to 6 days, the virus disseminates to other organs and 
replicates, causing a secondary viremia that results in 
infection of the skin. The primary infection is chicken-
pox; after this infection resolves, the virus remains in the 
sensory nerve ganglia. When reactivation of latent 
VZV occurs, the presentation is of herpes zoster (shin-
gles). Serious complications of VZV are infrequent, and 
hepatitis is also a rare complication. VZV infection in 
immunocompromised patients can be life-threatening. 
In transplant patients, the cutaneous lesion may be 
atypical and delayed in presentation. VZV hepatitis has 
a hepatocellular pattern of injury with high transami-
nase levels.

The diagnosis can be made by DNA testing of the 
serum or culture of mononuclear cells of an infected 
person from 5 days prior to and 1 to 2 days after the 
rash appears. Treatment is with acyclovir.
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spiroChetal infeCtions  
(weil Disease, syphilis)

Weil disease is a severe form of leptospirosis caused by the 
pathogenic spirochete Leptospira icterohaemorrhagiae. 
The disease has a worldwide distribution, although the 
incidence is low in the United States. Rodents serve as 
the most important reservoir, with wild rats and, to a 
lesser degree, mice, serving as carriers. Both excrete 
Leptospira with the urine into stagnant water, where the 
organisms may survive for months. Human infection 
takes place either through abrasions of the skin or 
through the mouth. The clinical course of leptospirosis 
is variable, with most cases being mild, subclinical, and 
self-limited. However, severe, potentially fatal illness 
can occur in a minority of patients with the severe form 
of Weil disease, which is characterized by jaundice and 
renal failure. After an incubation period (6 to 12 days), 
high fever, headaches, abdominal pain, prostration, muscle 
pain, and conjunctivitis appear. Leptospira can at this stage 
be demonstrated in the blood by animal inoculation 
or dark-field microscopy. About 10 days later, the fever 
subsides, and a toxic stage develops in which renal  
manifestations, sometimes progressing to uremia, men-
ingitis, myocardial damage, dermal and conjunctival 
petechiae, epistaxis, and skin rashes are conspicuous. 
Involvement of the liver occurs in about 50% of cases. 
When jaundice becomes severe, differentiation from 
viral hepatitis may present a diagnostic problem, unless 
azotemia and albuminuria or necroses in muscle biopsy 
specimens determine the diagnosis. In this period, Lep-
tospira are more readily found in urine than in blood. 
The fever may recur. After the third week, a slow conva-
lescence sets in, and immunologic tests become positive.

Despite the frequency of hepatic involvement in Weil 
disease, the liver shows only nonspecific changes, such 
as central or focal necroses, irregular arrangement of 
the liver cell plates, severe portal inflammatory infiltra-
tion, and swollen Kupffer cells. The main histologic 
findings in the kidney are acute interstitial nephritis and 
acute tubular necrosis. The degree of jaundice may not 
be out of proportion to the amount of liver failure, in 
part because some of the bilirubin elevation is due to 
hemolysis. Liver transaminases can be elevated but only 
to a mild to moderate degree. Treatment is generally 
supportive. Death from liver failure is rare. Antibiotics 
are only effective if given early in the course of the 
disease.

Hepatic changes caused by syphilis are rapidly 
decreasing in incidence as a result of the early diagnosis 
and availability of effective antisyphilitic treatment. 
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Moreover, many cases of hepatic disease in syphilitics 
are now recognized as being caused by more common 
hepatic viruses such as hepatitis B or C virus. Most cases 
of cirrhosis in syphilitics are now recognized as possibly 
caused by other diseases, such as nonalcoholic fatty liver 
disease. The most specific liver lesion that can occur 
from syphilis is the scar that forms following extensive 
specific coagulation necrosis (gumma), which leads to 
focal losses of hepatic tissue. The resulting irregular 
deformation of the liver can cause very bizarre shapes, 

a condition designated as hepar lobatum. Formerly, the 
now almost extinct “brimstone” liver was frequently 
found in deeply jaundiced newborns as a characteristic 
of congenital syphilis together with other syphilitic mani-
festations. The microscopic features are small miliary 
necroses (gummas), diffuse interstitial hepatitis, separated 
and distorted liver cell plates, increased interlobular 
connective tissue, rich in inflammatory cells, and 
numerous spirochetes readily demonstrable by silver 
impregnation.
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TUBERCULOSIS
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granulomatous liver Disease

Hepatic granulomas are circumscribed lesions that are 
thought to originate from macrophages that transform 
to epithelial-like cells after stimulation by cytokines. 
Often encountered on liver biopsy, they represent a 
unique inflammatory response that may be an idio-
pathic process, a response to an infection, a manifesta-
tion of drug-induced liver injury, or a response to an 
autoimmune process. In the United States, the most 
frequent causes of hepatic granulomas result from sar-
coidosis, tuberculosis, primary biliary cirrhosis, or drug 
reactions.

Sarcoidosis is a granulomatous disease of unknown 
cause with systemic involvement. Likely a result of 
immune dysregulation, the granulomas resemble tuber-
cles in that aggregated histiocytes are transformed into 
epithelioid cells, some of which become giant cells with 
various cytoplasmic inclusions. The granulomas, unlike 
those in tuberculosis, are characteristically noncaseat-
ing (i.e., they fail to show central necrosis, which has 
the appearance of cheese). Although the centers of the 
granulomas are noncaseating, the center zone some-
times has a smudgy appearance, designated as fibrinoid 
degeneration. Sarcoidosis involves multiple organs, 
including the lung and liver, as well as other sites, 
including lymph nodes, skin, bones, spleen, mucosa of 
the nose, pharynx, and tonsils; it may also involve the 
uveal tract and salivary glands (uveoparotid fever). Wher-
ever the site may be, sarcoid follicles appear frequently 
in the liver, and this fact makes liver biopsy a valuable 
tool for diagnosis, especially in the absence of superfi-
cial lymphadenopathy or of dermal lesions.

Hepatic granuloma can also result from an infection. 
The most common are bacterial infections (due to 
Mycobacterium tuberculosis or Mycobacterium avium-
intracellulare), brucellosis, listeriosis, or tularemia. In 
brucellosis, granulomas are irregularly spaced through-
out the liver; they vary in size and degree of develop-
ment and are accompanied by focal necrosis and portal 
inflammation. In the florid stage, the picture is, as a 
rule, more polymorphous than in other granulomatous 

diseases, especially when the focal necroses become 
large and are irregularly scattered. Transition into  
cirrhosis has been claimed but appears to be rare.  
Positive culture of the biopsy specimen establishes  
the diagnosis.

In histoplasmosis, granulomas, resembling tubercles, 
occur together with a diffuse proliferation of the 
Kupffer cells, the cytoplasm of which is sometimes 
loaded with the fungus Histoplasma capsulatum, best 
demonstrated in sections stained with the periodic 

acid–leuco fuchsin reagent. It is not uncommon for the 
granulomas to be the only finding, and in such instances, 
culture of the specimen may be diagnostic. Sometimes 
the enlargement of the Kupffer cells is so extreme as to 
interfere with sinusoidal circulation, followed by central 
necrosis and even cirrhosis. In other fungal diseases, 
such as blastomycosis or coccidioidomycosis, a nonspe-
cific reactive hepatitis is far more frequent than hepatic 
granulomas. Tularemia, leprosy, and beryllium poison-
ing may also be associated with hepatic granulomas.
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Primary hepatic tuberculosis is extremely rare. Most 
cases are secondary to miliary tuberculosis. Miliary 
tuberculosis, or disseminated tuberculosis, is characterized 
by the presence of small miliary granulomas (tubercles), 
which may be scattered over the liver as well as other 
organs such as the spleen and lungs. The granuloma 
starts with a focal proliferation of Kupffer cells, which 
form small histiocytic nodules located throughout the 
parenchyma. Subsequently, liver cells surrounded by 
the histiocytes become necrotic, and in some instances 
smaller or larger foci of hepatocellular necrosis with 
little mesenchymal reaction develop. In the nodules 
some cells become larger and develop into epithelioid 
cells, the nuclei of which can divide without division of 
the cytoplasm, resulting in large giant cells (Langhans 
cells). On the periphery of the granuloma, lymphocytes 
create a demarcation against the parenchyma. As the 
tubercle enlarges, central caseation necrosis may set in. 
Eventually, the histiocytes transgress into fibroblasts, 
which form a capsule around the tubercle. Finally, the 
entire lesion becomes transformed into a nodule of 
collagenous connective tissue. Such globular scars fail 
to reveal their cause. Acid-fast bacilli can hardly ever be 
demonstrated, and even with extensive necrosis, tuber-
cle bacilli usually cannot be cultured from liver biopsy 
specimens.

The morphologic picture of the tubercles is not  
specific, because other granulomatous diseases may 
produce similar lesions. However, miliary granulomas 
in the centrilobular zone or in the wall of the central 
vein are rarely found in other conditions. Tuberculous 
granulomas are spread all over the lobule and frequently 
close to the portal triads, where they show a tendency 
to coalescence.

In miliary tuberculosis, the tubercles are densely 
spread, as is readily seen on gross inspection, and appear 
as white pinhead-sized nodules that are best recognized 
through the capsule by inspection of the inferior surface 
of the left lobe. In early stages of hematogenous dis-
semination, they appear to be soft and are not sharply 

limited; as the dissemination lasts longer, they become 
firmer, sharply defined, and larger, up to 2 mm in  
diameter. Results of hepatic tests are usually abnormal 
in clinically diagnosed miliary tuberculosis, and  
some jaundice may be present if the associated nonspe-
cific reactive hepatitis is severe. In view of the fact  
that in most forms of active tuberculosis elsewhere in 
the organism tubercle bacilli may be carried into  
the liver by hematogenous dissemination, a differentia-
tion of organ tuberculosis from generalized miliary 

tuberculosis with the aid of liver biopsy specimens is at 
best arbitrary, because it depends largely on the inten-
sity of the seeding, which can hardly be determined in 
biopsy specimens.

Cases of special interest are on record in which a 
hepatic miliary tuberculosis anteceded the pulmonary 
involvement or in which the lungs remained unaffected. 
In such instances, fever may be present for prolonged 
periods and roentgenologic findings in the chest may 
be negative; only liver biopsy clinches the diagnosis.

granulomatous liver Disease 
(Continued)
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ameBiasis

Amebiasis is caused by the protozoan parasite Ent-
amoeba histolytica, It is predominantly an intestinal 
disease but may also have extraintestinal complications, 
the most common of which is the amebic liver abscess. 
Infection by E. histolytica may be asymptomatic or may 
cause amebic dysentery. The route of transmission is 
fecal-oral. The infective, encysted form of the parasite 
(which can be transmitted in fecally contaminated food 
or water) enters the intestinal tract by the mouth, passes 
the stomach, and loses its cystic wall in the small intes-
tine. After excystation, trophozoites are released. 
Unlike the cysts, which can survive days to weeks in the 
external environment, trophozoites do not survive 
outside the body or, if ingested, cannot survive the 
gastric environment. After release, trophozoites pass to 
the colon. The trophocytes, or amebae, can attach 
themselves to the colonic wall, the major site of the 
disease, and penetrate and invade the colonic mucosal 
barrier, leading to tissue destruction and colitis that 
resembles inflammatory bowel disease. In addition, the 
trophozoites can spread hematologically through the 
portal circulation to the liver, causing a liver abscess. 
Amebic liver abscesses are 7 to 10 times more common 
in adult men in spite of the fact that there is no such 
gender distribution with colonic disease. In developed 
countries, amebiasis is generally more common in 
migrants or travelers from endemic areas (such as  
India, Africa, Mexico, and parts of Central or South 
America). It is also more common in men who have sex 
with men and institutionalized or immunosuppressed 
individuals.

Patients often present with right upper quadrant pain 
and fever. Concurrent diarrhea is uncommon, although 
some patients report a history of dysentery in previous 
months. The physical examination can reveal hepato-
megaly and point tenderness in the fever. Jaundice is 
uncommon, and elevations in alkaline phosphatase are 
common. Mild elevations in serum transaminases can 
also be seen, as well as leukocytosis without eosino-
philia. Most commonly, the abscess is found in the right 
lobe; approximately 70% to 80% of abscesses are soli-
tary. The diagnosis is made by a suggestive clinical 
setting, an imaging study, and confirmatory serologic 
or antigenic testing. Ultrasound shows a cystic lesion; 
CT scanning shows a low-density mass with a peripher-
ally enhancing rim. On MRI, the abscess is of low signal 
intensity with T1-weighted images and high signal 
intensity with T1-weighted images. On gallium citrate– 
and technetium-labeled sulfur colloid radionuclide 
scans, the amebic abscess is “cold” and pyogenic 
abscesses are “hot.” Serologic testing is positive in most 
patients at presentation; however, in endemic areas, it 

will not differentiate active from prior infections; spe-
cific testing for E. histolytica antigen may be more 
helpful in such circumstances. Aspiration of the lesion 
results in what is classically described as “anchovy 
paste” due to its color and texture; it is composed of 
acellular proteinaceous debris made of necrotic hepato-
cytes. Trophozoites or amebas are only seen in about 
one fifth of cases; antigen testing and/or polymerase 
chain reaction testing may be better at identifying the 
target organism.

Perforation of an infected or noninfected abscess 
leads to subphrenic or subhepatic abscess and, eventually, 
to diffuse peritonitis. The most typical complication is 
an extension of the abscess through the diaphragm into 
the chest cavity, producing first an empyema and even-
tually a pulmonary or hepatopulmonary abscess, or some-
times a hepatobronchial fistula. A pulmonary abscess may 
also develop directly by a hematogenous route from the 
intestine or liver. Hematogenous brain abscesses also 
occur.
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Taenia echinococcus, or Echinococcus granulosus, is a tape-
worm, which, in the adult stage, is only about 5 mm 
long. It lives in the small intestine of dogs and other 
canines that have been infected by ingestion of scolices 
containing viscera of other animals, mainly sheep. In 
the canine intestine the scolices develop into the adult 
Taenia, with a pyriform head with four suckers and 
numerous hooklets, a short neck, and only a few seg-
ments, of which the terminal one (proglottis) releases 
the ova. The ova are ingested by the larval or intermedi-
ate host, namely, sheep, cattle, and hogs, but also human 
beings (mostly children). In the intestinal tract of the 
larval host, the larvae hatch from the egg and migrate 
into the liver and, far less commonly, into the lungs, 
brain, and other organs, where the larvae develop into 
a cyst with an outer laminated layer and an inner germi-
nal layer, around which a capsule of collagenous tissue 
is formed. From the cells of the germinal layer evolve 
embryonal scolices, either directly or after formation of 
invaginations (brood capsules), which eventually become 
endogenous daughter cysts. With successive invagination 
and subsequent development of generations of cysts, 
the original unilocular main cyst is eventually filled by 
hundreds of daughter cysts, varying in size. The main 
cyst grows through the years, initially symptomless, 
until it becomes 20 cm or more in diameter. The 
daughter cysts are often discharged from the wall and 
float in the lumen containing the hydatid fluid, which, 
though almost protein-free, is highly irritating. The 
fluid also contains the hydatid sand in which the scolices 
may be microscopically recognized. Daughter cysts may 
be seen as outpouchings on the wall of the main cyst or 
in the surrounding hepatic tissue and, occasionally, 
implanted in the peritoneal lining of the mesentery. 
When this asexual production of scolices in the cysts 
eventually stops, the capsule invades the cyst and the 
inner surface, formerly granular, becomes smooth and 
the wall fibrotic and sometimes calcified.

Echinococcosis has its highest incidence in countries 
in which sheep are raised, without specific climatic pre-
dilections. It is endemic in various parts of the world, 
including Mediterranean countries, the Middle East, 
southern parts of South America, Iceland, Australia, 
New Zealand, Central Asia, and the southern part of 
Africa. Because the primary infection is usually asymp-
tomatic and acquired in childhood, the disease may be 
latent for more than 50 years before presentation. The 

cysts may be noted incidentally on imaging studies and 
are usually on the right lobe of the liver. Significant 
symptoms do not usually present until the cysts become 
greater than 10 cm in size at which time there may be 
vague symptoms such as right upper quadrant pain. 
Rarely, clinical symptoms may be produced by the 
rupture of the cysts. Hydatid fluid entering the circula-
tion can produces allergic manifestations and, excep-
tionally, anaphylactic shock. Rupture of daughter cysts 
into bile ducts or compression of the main hepatic duct 

produces jaundice. Secondary bacterial infection of 
cysts causes fever, chills, and leukocytosis. Eosinophilia 
is not specific but occurs in one fourth of the cases. 
Serologic testing for antibodies to E. granulosus can be 
performed in multiple ways, but the enzyme-linked 
immunosorbent assay (ELISA) and indirect hemagglu-
tination tests are good initial screening tests. Imaging 
studies such as CT scans, which demonstrate daughter 
cysts, can be helpful to differentiate the disease from 
amebic and pyogenic abscesses of the liver.
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sChistosomiasis

Schistosoma is a genus of trematode parasites or blood 
flukes of which Schistosoma mansoni, S. japonicum, and S. 
haematobium are of importance in human pathology. 
The S. mansoni variety is found mainly in sub-Saharan 
Africa, parts of South America, and some of the South 
Caribbean islands. S. japonica occurs along the Yangtze 
River Basin in China and in some parts of Philippines 
and Indonesia. S. haematobium is found in parts of sub-
Saharan Africa, the Middle East, and southern parts of 
the Arabian Peninsula. The life cycle of these three 
species is similar, but S. haematobium predominantly 
involves the vessels of the urinary bladder. Eggs of S. 
mansoni and S. japonicum are excreted with the feces of 
human carriers; those of S. haematobium with the urine. 
Eggs of S. mansoni hatch when they fall into fresh water. 
The larvae, or miracidia, survive only a few hours, unless 
they can attach themselves to snails, which they pene-
trate. In the snail’s digestive gland, the larvae pass 
through several stages (sporocysts) and develop into 
cercariae, which, having left the snail, propel themselves 
with a forked tail. They are most active in shallow water 
exposed to sunlight, where they may attach themselves 
to wading or swimming human beings, whose unbroken 
skin or mucous membranes they enter. They reach, 
eventually, the extrahepatic tributaries and the intrahe-
patic branches of the portal vein. Here they grow to full 
sexual maturity, depositing the fertilized eggs, some of 
which are extruded through the vascular wall into the 
intestinal lumen, whence they pass with the feces, main-
taining the life cycle. Other eggs are carried into the 
smallest portal radicles in the liver, where they are 
responsible for the clinical manifestations of hepatic 
schistosomiasis or bilharziasis.

Skin penetration by cercariae usually goes unnoticed, 
but some individuals may develop an itchy rash after 

swimming (swimmer’s itch) in fresh water of endemic 
areas. An acute schistosomiasis syndrome known  
as Katayama fever can also occur in some owing to a 
systemic hypersensitivity to the schistosome antigens. 
This usually occurs 3 to 8 weeks after infection,  
most commonly in nonimmune hosts such as travelers. 
Chronic infection occurs most commonly among  
individuals in endemic areas with chronic exposure. 
The predominant pathologic process is a nonfibrotic 

granulomatous reaction to the trapped eggs in the pre-
sinusoidal and periportal spaces within the liver. There 
are generally no apparent signs of liver dysfunction, but 
portal hypertension can occur owing to presinusoidal 
fibrosis. Liver biopsy shows granulomas, and demon-
stration of the ova and their remnants specifies the 
cause of the insult. Individuals who have concomitant 
liver diseases such as hepatitis B and C have a worse 
prognosis and more severe disease.
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HISTOLOGIC FEATURES OF BILIARY CIRRHOSIS

primary Biliary Cirrhosis

Primary biliary cirrhosis (PBC) is an autoimmune 
disease that affects 2 to 49 persons per million annually 
depending upon the geographic location. Approxi-
mately 95% of patients with PBC are women, with a 
median age of onset of 50 years. PBC is characterized 
by T cell– mediated inflammation of the intralobular 
bile duct epithelium, which leads to its damage and 
eventual loss. The resultant cholestasis leads to reten-
tion of toxic bile acids and, eventually, cirrhosis.

The exact cause of PBC is unknown, but as with 
other autoimmune diseases, both genetic and environ-
mental factors are involved. The prevalence of the 
disease in first-degree relatives is 50 to 100 times higher 
than in the general population, and allelic variations in 
the innate and adaptive immune systems are associated 
with increased susceptibility. Potential environmental 
exposures include various bacteria, viruses, and toxic 
compounds, but none are definitive. Antimitochondrial 
antibodies (AMA) are highly specific for the disease, but 
their role in its pathogenesis is unclear. AMAs are 
directed against four related enzymes that participate in 
oxidative phosphorylation on the mitochondrial mem-
brane. These are inactivated by the binding of AMA in 
vitro. Whether these antibodies are markers of the 
disease or actively involved in the pathogenesis remains 
uncertain, because AMA-negative disease has the same 
course as AMA-positive disease and AMA titers have no 
correlation with disease severity.

Historically, patients typically presented with fatigue 
and pruritus, but with increased awareness, patients are 
now more likely to be asymptomatic at the time of 
diagnosis. However, about 80% will develop symptoms 
within 10 years. Fatigue greatly impairs the quality of 
life and is associated with decreased survival rates. 
Various dermatologic conditions appear more fre-
quently in patients with PBC, including pruritus, xan-
thomas, and increased pigmentation (not associated 
with jaundice, but due to melanin deposition). 

Approximately 40% to 65% of patients have symptoms 
of Sjögren syndrome, which tends to occur prior to the 
manifestations of PBC. There is also an increased asso-
ciation with classic rheumatoid arthritis, inflammatory 
arthritis, cutaneous scleroderma, and hypothyroidism.

Laboratory testing typically reveals cholestasis with 
marked elevations in alkaline phosphatase and gamma-
glutamyl transpeptidase, as well as modest elevations in 
transaminases. Cross-sectional or ultrasound imaging 
should be performed early in the evaluation in order to 

exclude extrahepatic biliary tract obstruction. Other 
laboratory abnormalities include elevated immuno-
globulins, primarily IgM. The presence of AMAs is the 
hallmark of the disease and is found in approximately 
95% of patients with PBC. An elevated alkaline phos-
phatase level with a positive AMA titer has a positive 
predictive value of about 98%, and liver biopsy is there-
fore not required to establish the diagnosis.

Liver histologic findings can include focal areas of 
intense periductular inflammation and necrosis called 



	 Liver:	PART	III

76	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

Plate	1-74	

CLINICAL FEATURES OF PRIMARY BILIARY CIRRHOSIS

Jaundice

Xanthelasmas

Xanthomas

Fatigue and pruritus (may be worse at night)

Hepatomegaly 
(early in disease)

Elevated alkaline 
phosphatase level

Steatorrhea

Malabsorption

Primary biliary cirrhosis most common in middle-aged women

Antimitochondrial 
antibodies (AMA) 
common marker in PBC

Hypothyroidism and thyroiditis

Demineralization

Ca11

florid duct lesions. The inflammatory infiltrate consists of 
lymphocytes and macrophages. Noncaseating granulo-
mas are often present, and portal venules can be obliter-
ated by intense inflammation or by nodular regenerative 
hyperplasia. The histologic classification includes stage 
I disease (inflammation, with or without florid duct 
lesions, confined to the portal triads), stage II disease 
(inflammation extending into the hepatic parenchyma, 
that is, interface hepatitis with ductular proliferation), 
stage III disease (bridging fibrosis), and stage IV disease 
(cirrhosis with regenerative nodules).

Ursodeoxycholic acid is the only treatment approved 
by the Food and Drug Administration for PBC and is 
used at a dosage of 13 to 15 mg/kg/day divided into two 
to four daily doses. The treatment response is associ-
ated with increased survival rates and decreased rates of 
liver transplantation, especially in long-term follow-up 
of patients with early-stage disease. Proposed beneficial 
effects of ursodeoxycholic acid include its ability to 
stimulate ductular secretions, protect against injury 
from toxic bile acids, and down-regulate B cells and 
AMA production. Response to treatment is measured 
by improvement in alkaline phosphatase and bilirubin 
levels. Normalization of liver tests is seen in just over 
half of patients at 5 years. Women over 30 years of age 
at diagnosis are more likely to respond to therapy than 
young patients or men. Ursodeoxycholic acid has not 
been shown to relieve pruritus or fatigue.

Effective management includes treatment of the 
comorbidities that come with PBC. Osteoporosis is 
seen in close to a third of patients with the disease and 
is over four times more common than in age-matched 
and gender-matched controls. The mechanism of 
osteoporosis is unclear; one possibility is that cholesta-
sis reduces osteoblast activity and decreases bone for-
mation. Hyperlipidemia is often seen; patients are not 
often at increased risk of cardiovascular complications, 
however, because of the disproportionately elevated 
high-density lipoproteins compared with low-density 
lipoproteins. Fat-soluble vitamin deficiencies can 
develop with fat malabsorption from prolonged cho-
lestasis and decreased bile acid secretion, but clinically 
significant deficiencies are typically found when patients 

are profoundly jaundiced and awaiting liver transplan-
tation. Clinically relevant portal hypertension can 
develop prior to the development of cirrhosis; there-
fore, variceal screening should be performed in the 
absence of cirrhosis. Studies have shown that patients 
with a platelet count of less than 140,000/µL should 
be screened for varices. Patients also require close  
monitoring for thyroid disease with annual thyroid-
stimulating hormone testing.

The prognosis in primary biliary cirrhosis depends 
on the presence of symptoms and the response to treat-
ment. The median survival time of symptomatic 
patients was found to be significantly less than in those 
who lacked symptoms, at 7.5 versus 16 years. The Mayo 
model uses simple laboratory values, patient age, and 
degree of edema to determine survival times in PBC. It 
can also help establish the optimal timing for liver 
transplantation.

primary Biliary Cirrhosis 
(Continued)



	 Liver

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 77

Plate	1-75	

Interlobular ducts

Septal ducts

Segmental ducts

Hepatic ducts

Gallbladder
Common bile duct

Pancreatic duct

Canaliculi Bile reflux

Fibrosis of duct

Fibrosis of
interlobular
duct causes
dilatation of
terminal
interlobular 
duct and
canaliculi and
bile reflux

Intrahepatic and extrahepatic portions of 
biliary tree involved in inflammatory process

Dilatation and irregular
caliber due to fibrosis

Fibrotic stricture

Fibrosis of gallbladder

Fibrotic obliteration
of interlobular ducts

Secondary biliary cirrhosis results in 
long-term inflammation and fibrosis

Onion skin fibrosis around squeezed
duct in primary sclerosing cholangitis

Inflammation and fibrosis result in
progressive obstruction and obliteration
of bile ducts, causing severe cholestasis

PATHOLOGIC FEATURES OF PRIMARY SCLEROSING CHOLANGITIS

primary sClerosing 
Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic,  
progressive cholestatic liver disease characterized by 
inflammation followed by fibrosis and stricturing of the 
intrahepatic and extrahepatic bile ducts that leads to 
cirrhosis and its inherent complications. The incidence 
is estimated to be about 1 in 100,000 person-years and 
seems to be rising. Small-duct PSC is defined as the 
presence of histologic changes of the disease with 
normal cholangiographic findings, and is present in 
10% of the PSC population. The disease is more 
common in males, with a median age at diagnosis of 41 
years. There is a close association between PSC and 
inflammatory bowel disease (IBD); studies from North 
America and Northern Europe report that the preva-
lence of IBD in PSC ranges from 60% to 80%, with 
more cases of ulcerative colitis seen than Crohn disease, 
at about 75% and 13%, respectively. Alternatively, 
about 3% to 8% of patients with IBD will have PSC. 
There are no effective treatments for PSC, and the 
median transplant-free survival time after diagnosis is 
10 to 12 years.

The exact cause of PSC is unknown, but given the 
associated diagnoses in patients with the disease, there 
are likely both immune and inflammatory factors 
involved. In addition to IBD, PSC is also associated 
with other autoimmune diseases, such as diabetes mel-
litus type 2, celiac disease, and rheumatoid arthritis. No 
specific autoantibodies are found in PSC, but 70% to 
80% of patients have elevations in antinuclear, antineu-
trophilic cytoplasmic (pANCA), or smooth muscle anti-
bodies. There are also several key human leukocyte 
antigen haplotypes associated with either increased sus-
ceptibility to or increased protection from the develop-
ment of PSC. Given the strong correlation with IBD, 

some theorize that the diseased gut mucosa allows bac-
teria and inflammatory cells to be chronically intro-
duced to the liver via the portal system, causing an 
inflammatory reaction.

Patients are often asymptomatic and diagnosed 
during an evaluation for a cholestatic liver (high alka-
line phosphatase levels with or without an elevation in 
bilirubin levels); however, they may have nonspecific 
symptoms of fatigue, weight loss, and pruritus at 

presentation. A minority will present with infectious 
complications of PSC or decompensated cirrhosis. Pru-
ritus in the disease is thought to be related to retained 
bile acids and endogenous opioids, and intractable  
pruritus can sometimes be an indication for liver trans-
plantation. The diagnosis is typically confirmed by 
cholangiography (magnetic resonance cholangiopan-
creatography is preferred over endoscopic retrograde 
cholangiopancreatography), showing characteristic bile 
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CLINICAL MANIFESTATIONS OF PRIMARY SCLEROSING CHOLANGITIS

duct changes, including multifocal, short, annular stric-
tures interspersed with normal intrahepatic and extra-
hepatic bile ducts that lead to the classic beaded 
appearance. Liver biopsy is not required for diagnosis 
in the presence of typical findings of cholangiography, 
but it is needed to diagnose small-duct PSC or the 
overlap syndrome of PSC-autoimmune hepatitis. In 
early-stage disease, there are often nonspecific findings 
of bile duct inflammation. The characteristic onion-skin 
lesions, or the obliteration of small bile ducts with con-
centric fibrosis, are found in only about 25% of cases. 
If patients do not already have the diagnosis of IBD, 
they should undergo colonoscopy with biopsies at the 
time of diagnosis of PSC rule out coexistent disease. 
Secondary causes of sclerosing cholangitis such as 
chronic bacterial cholangitis, choledocholithiasis, chol-
angiocarcinoma, ischemic cholangiopathy, and IgG4-
associated cholangitis, need to be excluded for the 
diagnosis of PSC to be made.

There are no effective therapies for PSC. Use of 
high-dose ursodeoxycholic acid has actually been asso-
ciated with increased rates of liver transplantation and 
of death; therefore, the management consists of treating 
the associated complications. Endoscopic therapy is 
indicated for the treatment of dominant strictures, 
which are defined as common bile duct stenoses of 1.5 
mm or less or hepatic duct stenoses of 1 mm or less  
and are found in 60% of patients. Endoscopy can rule 
out malignancy and decompress the biliary system  
with sphincterotomy and balloon dilatation with or 
without stent placement in order to prevent worsening 
liver function or cholangitis. Patients have a 10% to 
15% lifetime risk of developing cholangiocarcinoma; 

however, regular screening protocols have not yet been 
shown to improve outcomes in PSC. There are also 
increased rates of gallbladder and hepatocellular carci-
noma in PSC. Patients with recurrent bacterial cholan-
gitis may benefit from long-term use of prophylactic 
antibiotics. Prolonged cholestasis results in fat malab-
sorption and deficiencies in fat-soluble vitamins (vita-
mins A, D, E, and K) that require repletion. Osteoporosis 

is 24 times more common in PSC than would be 
expected in controls matched for age, race, and gender.

Liver transplantation is the only effective treatment 
for advanced PSC. Recurrence is seen in about 10% to 
20% of patients at 5 years and is more common in 
patients who require high-dose steroids early in the 
posttransplant period. The overall 5-year posttrans-
plant survival rate is good at 75% to 80%.

primary sClerosing 
Cholangitis (Continued)
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In order to assess the cause for cholestasis and jaundice, 
direct visualization of the biliary tree may be required, 
particularly if there is a need for intervention to relieve 
the cause of an obstruction. Two methods commonly 
used are percutaneous transhepatic cholangiography 
(PTC) and endoscopic retrograde cholangiopancrea-
tography (ERCP). With PTC, percutaneous filling of 
the intrahepatic biliary tract is achieved with blind 
injection of radiopaque material through a needle 

inserted into the parenchyma of the liver. The biliary 
tree can be visualized under fluoroscopy. If the cause of 
the obstruction is found, as in the case of biliary stric-
tures that may occur after liver transplantation, a stent 
may be placed to relieve the obstruction. Because the 
stent is an external one, this procedure has been gener-
ally less preferred than ERCP, which does not leave an 
external stent.

ERCP is performed using a specialized side-viewing 
duodenoscope to gain access to the biliary tree via the 
ampulla of Vater in the duodenum. In addition to visu-
alizing the pancreatobiliary system with injection of 
dye, multiple therapeutic maneuvers can be performed 
through the scope. These include sphincterotomy and 
retrieval of stones or dilation of biliary strictures and 
placement of stents to relieve biliary obstructions.
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autoimmune hepatitis

Autoimmune hepatitis, previously called chronic active 
hepatitis, is an autoimmune liver disease that was first 
described in young women who had chronic hepatitis, 
hypergammaglobulinemia, and a constellation of extra-
hepatic symptoms, including arthralgia, fever, rash, and 
amenorrhea. With time, it became clear that the disease 
could occur at all ages and in both men and women, 
but there was a predominance of women to men in a 
ratio of 4 : 1. There is no one test for diagnosing  
autoimmune hepatitis; rather, a constellation of  
characteristics is used, including female predominance, 
hepatitic instead of cholestatic liver injury pattern, and 
gammaglobulinemia associated with the presence of 
autoantibodies (particularly anti–smooth muscle anti-
body, antinuclear antibody, anti–liver microsomal anti-
body, or anti–soluble liver antigen). The presence of 
these features in the absence of other causes, including 
drug-induced liver injury, alcoholic hepatitis, metabolic 
or inherited liver disease, and viral hepatitis, suggests 
the diagnosis of autoimmune hepatitis. In addition, 
there are supporting liver histologic findings, which 
include evidence of a portal mononuclear inflammatory 
infiltrate characterized by the presence of plasma  
cells. There is also evidence of destruction of hepato-
cytes rather than biliary cells characterized by interface 
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hepatitis and hepatic resetting. Patients with autoim-
mune hepatitis have a genetic predisposition for auto-
immune diseases and thus have associated human 
leukocyte antigen genotypes and are more likely to have 
a personal or family history of autoimmune diseases. In 
an effort to develop a better way to diagnose autoim-
mune hepatitis, the International Autoimmune Hepati-
tis Study Group has proposed several classification 
systems based on some of these features. Classifications 
of autoimmune hepatitis as type 1, 2, and 3 disease have 

also been used; they are based on the pattern of autoim-
mune antibodies, with type 1, the most common type, 
featuring a positive antinuclear or anti–smooth muscle 
antibody.

Patients with autoimmune hepatitis can present in 
several ways, ranging from chronic hepatitis to cirrhosis 
to a fulminant or subfulminant form of acute hepatitis. 
The majority of patients respond to steroids, and long-
term immunosuppression is usually needed to maintain 
remission.



	 Liver

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 81

Plate	1-79	

Umbilicus (turned up)

Right, middle and left hepatic arteries

Cystic
artery 

Internal thoracic arteries

Falciform and round ligaments with arteries

Short gastric arteries

Intercostal
arteries 

Inferior
phrenic
artery 

Gastroduodenal artery
Common hepatic artery
Posterior superior
pancreatico-
duodenal artery
Anterior superior
pancreatico-
duodenal artery

Right gastric artery

Right gastro-omental
(gastroepiploic) artery

Inferior pancreatico-
duodenal artery

Omental (epiploic) arteries

Omental
(epiploic)

arterial arc

2 

1

34

5
6

Left gastro-
omental (gas-
troepiploic)
artery  

Left gastric
artery 

Celiac
trunk

Splenic artery

Dorsal
pancreatic
artery 

Superior
mesenteric
artery  

Inferior pancreatic
artery 

Accessory or replaced arteries
1.
2.
3.
4. 

Right or common hepatic
Left hepatic
Right hepatic
Cystic

Anastomoses of corresponding arteries
5.
6.

Inferior phrenic/left gastric           left hepatic
Right           left hepatic 

A. Zone of relative safety
B. Zone of questionable effects
C. Zone of inevitable infarction

Effects of hepatic
artery obstruction 

C C C

B

A

Cystic

Right
gastric

Gastroduodenal

Capsular

vasCular DisturBanCes: 
arterial

The hepatic artery branches off the celiac artery and 
supplies approximately one third of the hepatic blood 
flow, with two thirds supplied by the portal vein. The 
effects of hepatic artery occlusion have a lot to do with 
timing and location. Slower occlusion is better toler-
ated than sudden occlusion. Simultaneous occlusion of 
the portal vein can be fatal. The location of the occlu-
sion also plays a significant role, depending on the avail-
ability of collaterals able to provide sufficient oxygenated 
blood to the liver. Unfortunately, the existence and effi-
ciency of such collaterals cannot be portended in an 
individual case. An enormous variability has been estab-
lished by anatomic studies. As a rule, obstruction of the 
hepatic artery between the celiac trunk and the origin of 
the gastroduodenal artery (zone A) is innocuous. The 
result of an obstruction between the gastroduodenal 
artery and the hilus of the liver (zone B) is unpredictable, 
but in such instances, quite often, an extensive central 
zone of the lobules follows, which is more sensitive to 
anoxemia than is the peripheral zone. Obstruction of 
the intrahepatic branches (zone C) of the hepatic artery 
almost always causes ischemic necrosis and infarction, 
because in these vessels sufficient collaterals do not 
exist, with the exception of the immediate subcapsular 
portion.

The gastroduodenal artery may bring blood from the 
splenic artery via the gastroepiploic, pancreatic, and 
epiploic arteries and from the superior mesenteric 
artery via the pancreaticoduodenal arteries. The right 
gastric artery can carry blood shunted from the left 
gastric artery, short gastric artery (spleen), or inferior 
phrenic artery or through anastomoses with esophageal 
arteries. The inferior phrenic artery may send branches 
directly to the liver into the fossa for the ductus venosus 
and into the bare area; it may also shunt blood from the 
intercostal arteries and from the right superior phrenic 
artery (branch of the internal mammary artery) by anas-
tomoses through the diaphragm and through the inter-
costal muscles. Arteries in the falciform and teres ligaments 
anastomose with branches of the left and middle  
hepatic arteries and carry blood from the internal 
mammary arteries as well as from the abdominal arter-
ies. The arteries for the common bile duct and the cystic 
artery may also supply areas of the liver, as does the 
subcapsular plexus. Anomalous or accessory arteries may 
also provide an important collateral arterial supply to 
the liver. The right or the common hepatic artery may 

arise from the superior mesenteric artery (1), or acces-
sory arteries may branch off from this vessel. The left 
hepatic artery or a corresponding accessory artery may 
originate from the left gastric artery, or vice versa (2). 
Furthermore, a replaced or accessory right hepatic artery 
may proceed from the gastroduodenal artery (3), or 
even from the retroduodenal artery, and an anomalous 
or replaced cystic artery (4) may do likewise. Abnormal 
anastomoses, such as one between the left gastric artery 
and left hepatic artery (2), the inferior phrenic artery 

and left hepatic artery (5), or the right hepatic artery 
and left hepatic artery (6), may also become instrumen-
tal in supplying arterial blood to the liver.

It is important to note that the hepatic artery  
forms a capillary plexus around the bile ducts and is a 
major source of the blood supply. Obstruction of the 
hepatic artery, particularly after liver transplantation, 
typically results in biliary ischemia, which is manifested 
as biliary strictures, a major problem following liver 
transplantation.
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The portal vein is formed at the confluence of the 
superior mesenteric vein and splenic vein prior to their 
entry into the liver. Sudden complete obstruction of the 
portal vein and its branches may occur as a result of a 
thrombus, typically relating to preexisting cirrhosis or 
prothrombotic diathesis. The clinical presentation 
depends on the timing and extent of occlusion. Occlu-
sion that occurs rapidly and throughout the portal vein 
as well as extension to the superior mesenteric vein can 
lead to a clinically dramatic picture dominated by 
hematemesis, melena with diarrhea, rapidly developing 
ascites, abdominal pain, signs of peritonitis and then 
ileus, and, finally, coma and death within a period of a 
few days. Jaundice is very uncommon. The wall of the 
small intestine is thick, edematous, and hemorrhagic; 
the purple-blue serosa is covered by recent fibrin flakes. 
The spleen is always enlarged, but the liver, in cases 
without the history of cirrhosis, has only a few unchar-
acteristic changes. The thrombosis starts either in the 
portal vein stem itself or extends into it from a splenic 
or mesenteric vein thrombus or from thrombi in intra-
hepatic branches of the portal vein. A variety of obser-
vations imply that occlusion of the portal vein per se 
does not produce the catastrophic manifestations, 
which are much the same when the superior mesenteric 
vein alone becomes occluded by a thrombus. It appears, 
therefore, that the clinical picture and course result 
from simultaneous blockade of portal, mesenteric, and 
splenic veins.

In contrast to sudden occlusion, gradual interruption 
of the portal circulation is well tolerated because of 
collaterals and is often seen in patients with preexisting 

cirrhosis, who are often asymptomatic. The thrombosis 
may lead either to a cordlike shrinkage of the portal 
vein or to spongy cavernous transformation, which is 
caused by recanalization of the thrombus itself, permit-
ting blood to reach the liver, though some investigators 
consider this transformation a malformation or an 
angiomatous tumor. The liver, in slowly progressing 
portal vein obstruction, presents only a small amount 
of centrilobular fibrosis and, sometimes, atrophy. 
Patients are often asymptomatic and the lesion may be 

found incidentally on abdominal imaging, or patients 
may present with signs of portal hypertension, such as 
splenomegaly, gastroesophageal varices, ascites, and 
other signs.

Treatment is focused on determining the cause and 
addressing the sequelae of portal hypertension. In 
patients without cirrhosis, a workup for a hypercoagu-
lable condition should be performed. In patients with 
acute thrombosis, thrombolytic therapy and anticoagu-
lation should be considered.
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Sinusoidal blood from the liver drains from the central 
veins to the sublobular veins to the hepatic veins before 
they enter the inferior vena cava. The number, size, and 
patterns of hepatic veins within the liver are variable 
anatomically between individuals, but there are gener-
ally three main veins, including the right, middle, and 
left hepatic veins, which drain different segments of the 
liver, including the caudate lobe. Obstruction of any of 
these hepatic veins from thrombosis, webs, or other 
causes results in Budd-Chiari syndrome. This syn-
drome is characterized by hepatomegaly, abdominal 
pain, ascites, and liver histologic findings of zone 3 
sinusoidal distention and congestion. A significant 
number of cases of hepatic vein thrombosis are associ-
ated with myeloproliferative disorders, most commonly, 
polycythemia vera. Obstruction may also be associated 
with other hypercoagulative disorders or states, includ-
ing pregnancy and the use of oral contraceptives.

The clinical presentation of Budd-Chiari syndrome 
is variable and depends on how rapidly the obstruction 
forms and its extent. Patients can present acutely with 
acute or fulminant hepatic failure associated with ele-
vated transaminase levels, jaundice, an elevated pro-
thrombin time, and hepatic encephalopathy, which have 
developed within days or weeks. This devastating pre-
sentation is less common and more severe because 
patients have not developed the necessary collaterals. 
More commonly, in approximately 75% of cases, 
patients present more subacutely over a period of 
months with hepatic necrosis associated with ascites. 
Patients may be asymptomatic or may present with 
right upper quadrant pain, hepatomegaly, ascites, and 
lower extremity edema, as well as other manifestations 

of portal hypertension, such as variceal bleeding. The 
diagnosis can be confirmed by imaging studies, includ-
ing Doppler ultrasound, cross-sectional imaging with 
CT scanning or MRI, and/or venography.

If the cause of the obstruction is thrombosis, a thor-
ough workup to identify the coagulopathy is important. 
Treatment is directed at the underlying cause of the 
obstruction and includes long-term anticoagulation  
as well as treatment of an underlying hematologic 

disorder if present. The presence of hepatic vein webs 
or other anatomic abnormalities, such as anastomotic 
stenosis following liver transplant, can be treated radio-
logically with transluminal angioplasty. If radiologic 
approaches to relieve the obstruction are not successful 
or feasible, transjugular intrahepatic stent shunting can 
be considered to bypass the obstruction. In some cases, 
surgical shunts or liver transplantation may be needed 
to address the obstruction and liver failure.
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In approximately 60% of cases of periarteritis (polyar-
teritis, panarteritis) nodosa, the hepatic arteries are 
involved. Participation of the arteries of the gallbladder 
is even more frequent. The typical alterations are found 
in smaller and larger branches (even grossly visible 
ones) of the hepatic arteries. Segmental fibrinoid 
degeneration of the media, which produces a smudgy 
appearance somewhat resembling hyalinization, is 
accompanied in the acute stage by conspicuous infiltra-
tion by polymorphonuclear leukocytes. Subsequently, 
fibrotic proliferation of the intima sets in, and in the 
adventitia a severe granulomatous infiltration develops. 
Finally, the structurally changed and weakened wall of 
smaller or larger vessels protrudes, forming aneurysms 
grossly apparent as nodules. The lumen of the arteries 
becomes obstructed by thrombi in organization, which 
lead to anemic infarcts of the liver. These infarcts may 
heal with pitted scars, and are found in approximately 
one third of cases of periarteritis. In addition to the 
arterial lesions characteristic of periarteritis nodosa, the 
liver is packed with nonspecific inflammatory infiltra-
tions, especially in the portal triads, and nonspecific 
hepatitis of the parenchyma is seen, apparently a reflec-
tion of the toxic manifestations of the disease. Clinical 
features pertaining to the liver are not frequently 
observed in periarteritis nodosa, however, and hepato-
megaly is found in only a small minority of cases. In 
exceptional cases, the hepatic involvement, with or 
without jaundice, presents itself as the essential clinical 
manifestation.

In hypersensitivity angiitis (not illustrated), small 
hepatic arterial branches are also frequently involved, 
whereas the portal vein branches, in contrast to typical 
periarteritis, do not participate in this condition.

Aneurysms of the hepatic artery occur more often in 
the extrahepatic branches than the intrahepatic branches 
but altogether are rare. They are usually small but may 
assume the size of a cherry. Their cause has not yet been 
clarified, though some develop in the course of periar-
teritis or trauma. Hepatic aneurysms and pseudoaneu-
rysms can also occur after liver transplantation or other 
surgical procedures of the liver. Arteriosclerosis and 
various infections (such as mycotic infections) have 
been held responsible in some instances. The histologic 
picture usually does not reflect the cause. The wall of 

the aneurysm is formed by fibrous connective tissue with 
few elastic fibers; the inner lining is covered by throm-
botic material. Most aneurysms are detected as inciden-
tal findings at surgical exploration or autopsy. Hardly 
ever palpable, they are difficult to diagnose. Clinical 
signs or symptoms manifest themselves if the aneurysm 
perforates into the abdominal cavity, portal vein, or 
intestine. Most frequently, perforation takes place into 
the biliary tract, resulting in gastrointestinal hemor-
rhage of puzzling cause. The cardinal clinical features 

are (1) jaundice of obstructive character due to pressure 
by the aneurysm upon and blood clots within the bile 
duct, (2) melena, and (3) abdominal pain, colicky in 
character, when rupture is imminent. Aneurysms can  
be detected on radiologic imaging studies. The treat-
ment is surgical, either by wiring of the aneurysm or by 
excision, or, if these are not possible, by ligation of the 
hepatic artery, as far away from the liver as possible. 
Radiologic options are also becoming increasingly 
possible.
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With the heart so close and being a major blood depot, 
the liver carries the brunt in passive congestion, what-
ever its cause. The degree of hepatic involvement has, 
however, no simple relation to the degree of passive 
congestion. In some patients the hepatic congestion 
may be less conspicuous than that of other organs, and 
vice versa.

In acute passive congestion the liver is markedly 
enlarged, the capsule is tense, the anterior edge is blunt, 
and, on the cut surface, the lobular markings are far 
more distinct than usual. On closer inspection, the 
zones around the central veins appear dark red and 
depressed and stand out distinctly against the interme-
diate and peripheral zones, which may exhibit a yellow 
hue caused by fatty metamorphosis. The hepatic veins 
are extremely dilated. Histologic study shows that the 
liver cells in the central zone have disappeared, and the 
sinusoids, as well as the tissue spaces, are crowded with 
red cells, as are the dilated branches of the hepatic veins. 
The central necrosis is more marked in necropsy than in 
biopsy specimens, and it is safe to assume that much of 
the hemorrhagic necrosis develops in the agonal period, 
secondary to terminal cardiac failure.

In the subacute stage, the liver is less enlarged, although 
the edge is still blunt. The lobular architecture in places 
seems exaggerated but in others appears reversed, in 
that bridges around the portal triads appear to connect 
the hemorrhagic central zones. Consequently, the orig-
inal peripheral zone is now surrounded by continuous 
hemorrhagic areas. Regeneration has led to the forma-
tion of small nodules, quite often yellow in color 
because of fatty metamorphosis. The small nodules 
contribute to the polymorphic appearance of the cut 
surface, a sign that has led to the term nutmeg liver. On 
histologic study, the reversal of the lobular pattern is 
apparent. On clinical examination, the liver feels firm 
and usually tender; abnormalities in the hepatic tests are 
more frequent than in the acute form.

In chronic passive congestion, the liver is smaller than in 
the acute stages and sometimes even smaller than 
normal, justifying the connotation “cyanotic atrophy.” 
The surface of the liver is irregular and finely granular; 
the capsule often is thickened and covered by organized 
fibrin. On the cut surface, regenerative nodules are fre-
quent, and, in addition, an increase of connective tissue 
is reflected in irregularly arranged, fine gray-white 
bands. The hepatic veins appear wider than in acute 
stages. Histologic examination shows that the lobular 
architecture is mostly preserved, but the central areas 
appear collapsed and fibrosed and are connected with 
each other by fibrotic bridges, which only exceptionally 
reach the portal areas. Despite some regenerative 
nodules, this stage is better designated as cardiac fibrosis 
than cirrhosis. The latter term should be reserved for 
the infrequent instances in which extensive connections 
between central fields and portal canals have completely 
destroyed the lobular architecture. True cardiac cir-
rhosis is the result of very severe passive congestion, 

because it occurs in long-standing incompetence of the 
tricuspid valve or in constrictive pericarditis.

Patients with hepatic congestion are often asymp-
tomatic, but if they are symptomatic, they often present 
with jaundice and hepatomegaly. Sometimes, the liver 
is tender and ascites can be present. The hyperbilirubi-
nemia is usually mild, but unlike in other cholestatic 
liver diseases, the serum alkaline phosphatase level is 
normal or minimally elevated. Liver synthetic dysfunc-
tion can occur with an increased prothrombin time. 

Serum transaminases are usually only mildly increased; 
significant increases suggest superimposed shock and 
hepatic ischemia in addition to passive congestion. 
Ascites may be present and when sampled shows a high 
ascitic protein content in addition to a high serum 
ascites albumin gradient. Serum N-terminal–proBNP 
may also be increased, a finding that distinguishes 
ascites of congestive hepatopathy from other causes of 
ascites. Treatment should be aimed at improving the 
overall cardiac function.
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As part of the reticuloendothelial system, the liver is 
frequently involved in hematologic disorders. Hemato-
logic malignant diseases often involve the liver and may 
be revealed by elevated liver chemistry tests but rarely 
cause significant hepatic liver dysfunction or liver 
failure. Two broad categories of hematologic malignant 
diseases are lymphomas and leukemias. The liver is 
rarely a site of primary lymphoma but is often a site of 
extranodal spread of lymphoma, both Hodgkin lym-
phoma and non-Hodgkin lymphoma, with the latter 
being more common. Almost 90% of hepatic lympho-
mas are non-Hodgkin lymphomas, predominantly of 
the B cell type. Lymphomatous involvement of the liver 
can be seen on imaging studies such as CT scans and 
can be a discrete focal liver mass (more commonly, in 
primary lymphomas), multiple masses, or diffuse infil-
trative disease. Lesions are generally hypoattenuating 
on CT scans. Splenic involvement or lymphadenopathy 
supports the diagnosis. Hepatomegaly can be seen in 
these diseases but does not correlate well with lympho-
matous involvement. The diagnosis can be made by 
liver biopsy showing monoclonal lymphomatous  
infiltrate. In Hodgkin disease, neutrophilic and eosino-
philic granulocytes, plasma cells, proliferated reticulum 

cells, and multinucleated, multilobulated giant cells 
(Sternberg-Reed cells) may be seen.

Although liver involvement in acute leukemias tends 
to be asymptomatic and mild at the time of presenta-
tion, infiltration of the liver by leukemic cells is quite 
common in both acute lymphoblastic leukemia (ALL) 
and acute myeloid leukemia (AML). Because of con-
cerns about bleeding, liver biopsies are not always done, 
but postmortem studies show that in ALL, infiltration 
of leukemic cells is chiefly limited to the portal tracts, 

and in AML, infiltration is observed in both portal and 
sinusoidal areas. The bile ducts are not altered, and 
jaundice, if present, is of a parenchymal origin and is 
not caused by obstruction.

In addition to infiltration of malignant cells, liver 
disease can result from treatment for hematologic 
malignant diseases. Hepatic venoocclusive disease or 
sinusoidal obstruction syndrome, as well as graft-
versus-host disease, can be a consequence of treatment 
for lymphomas and leukemias.
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With the increased use of imaging studies, incidental 
liver lesions are frequently found, and many of these are 
benign in the noncirrhotic liver. Fortunately, most 
lesions are accurately diagnosed by careful assessment 
of the patient’s medical history (malignant disease or 
cirrhosis, medications), social history (alcohol use, toxin 
exposures, and birthplace), and physical examination 
(spider angiomas, hepatomegaly, and palmar erythema), 
in addition to imaging characteristics. Focal benign 
liver lesions can be classified according to cellular 
origin, including a mesenchymal, hepatocellular, or 
cholangiocellular origin.

MESENCHYMAL TUMORS

The group of mesenchymal tumors is made up mainly 
of hemangiomas but also includes lipomas and the 
much more rare angiolipomas and mesenchymal 
hamartomas.

Cavernous Hemangiomas
Cavernous hemangiomas are the most common masses 
in the liver. They are typically solitary and smaller than 
3 cm, although some may be more than 20 cm. The 
reported prevalence has ranged from 5% to up to 20%, 
with the highest estimates coming from autopsy studies. 
The tumors are more commonly found in women, with 
a ratio of 3 : 1, at an age ranging from 30 to 50 years. 
Lesions may enlarge with rises in estrogen, but there 
are insufficient data to recommend avoidance of hor-
monal contraceptives or pregnancy. These benign 
lesions are derived from endothelial cells, and tumors 
are composed of vascular spaces filled with blood and 
separated by fibrous septa. Patients are usually asymp-
tomatic, but masses larger than 4 cm can cause pain 
from capsular stretch or thrombosis, jaundice from 
biliary obstruction, or early satiety from gastric com-
pression. Rarely, large hemangiomas are associated with 
Kasabach-Merritt syndrome, a consumptive coagulopa-
thy. Symptomatic or enlarging lesions may require sur-
gical intervention. The diagnosis is typically made with 
imaging studies such as a triple-phase contrast-enhanced 
CT scan. In the arterial phase, it will typically show 
nodular enhancement at the lesion’s periphery; in the 
venous phase, centripetal fill-in; and in the delayed 
phases, isoattenuation or hyperattenuation of the lesion.

HEPATOCELLULAR TUMORS

Focal Nodular Hyperplasias
In focal nodular hyperplasia (FNH), benign nodules of 
regenerative hepatocytes develop in response to altered 

blood flow from an anomalous artery. The nodules are 
the second most common liver tumors, occurring in 
almost 1% of the population. They are typically solitary 
(80% to 95%) and less than 5 cm in diameter, and are 
not thought to respond to hormones. The mass is well 
demarcated without a capsule and can be pedunculated. 
There is often a central, stellate scar that consists of 
large portal tracts with thick-walled arteries, portal 

veins, and bile ducts. Histologic study shows lesions 
containing sinusoids and Kupffer cells. On triple-phase 
contrast-enhanced CT scans, the lesions are homoge-
nous and hyperdense in the arterial phase (arterial 
origin of blood supply) and isodense with a hyperdense 
central scar in the portal phase. Once diagnosed, FNH 
is managed conservatively, because progression and 
complications are very rare. There is no indication to 
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avoid hormone contraception or pregnancy, but 
follow-up imaging should be performed after 6 months 
to evaluate for possible progression.

Adenomas
Adenomas are benign epithelial cell tumors, but up to 
10% of lesions can have malignant potential, making a 
clear diagnosis important. Most (70% to 80%) are soli-
tary, are located in the right lobe, and occur primarily 
in women age 20 to 45 years. Most are asymptomatic 
and found incidentally, but larger lesions can cause 
symptoms from capsular stretching, hemorrhage, or 
necrosis. There is a clear association with oral contra-
ceptives, anabolic androgens, and glycogen storage 
disease. On gross inspection, adenomas have a smooth 
contour without a capsule, and prominent blood vessels 
are seen on the surface. Histologic study shows enlarged, 
glycogenated cells, with significant lipid, but no portal 
tracts or Kupffer cells. The diagnosis is typically made 
radiographically using MRI or triple-phase contrast-
enhanced CT scanning. On CT scans, adenomas show 
peripheral enhancement, with centripetal flow in the 
venous phase. Because of the lipid content, adenomas 
are hyperintense on T1-weighted MRI images. Man-
agement of adenomas depends upon the characteristics 
of the patient and the lesion. Once adenoma has been 
diagnosed, oral contraceptives or anabolic steroids need 
to be stopped and repeat imaging should be performed 
to assess for regression. Pregnancy should be avoided if 
possible, but resection prior to pregnancy is an option. 
Because malignant transformation is more likely in 
large lesions (> 5 cm) and in men, surgical resection is 
recommended in these cases. Enlarging, symptomatic, 
or ruptured lesions are also often resected. Liver trans-
plantation is sometimes indicated for very large adeno-
mas not amenable to resection.

Benign liver tumors 
(Continued)

Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (NRH) is a form of 
noncirrhotic portal hypertension characterized by pro-
liferation of the normal liver parenchyma in response 
to irregular obliteration of portal vein radicles. This 
results in the formation of diffuse regenerative nodules 
composed of hepatocytes without fibrous septa. Vascu-
lar injury results from many causes, including systemic 

inflammation (autoimmune diseases), thrombosis 
(myeloproliferative diseases, hypercoagulable states), 
neoplasm (lymphomas), or toxic injury (azathioprine, 
methotrexate, oxaliplatin). NRH has equal prevalence 
in both sexes and is typically found in patients  
older than 60 years of age. The diagnosis is often estab-
lished by the presence of portal hypertension, the exclu-
sion of cirrhosis on biopsy, and the exclusion of other 
causes of noncirrhotic portal hypertension (sarcoidosis, 
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ADENOMA

Triple phase CT. Arterial (top), venous (middle),
delayed (bottom)

Benign liver tumors 
(Continued)

congenital liver fibrosis, schistosomiasis). Management 
includes treatment of the underlying disorder and pre-
vention of the complications of portal hypertension.

CHOLANGIOCELLULAR TUMORS

Bile Duct Adenomas
Bile duct adenomas are often incidentally found on 
imaging and are benign, but can be confused with ade-
nocarcinomas. They are small (< 1 cm) solitary masses 
arising from peribiliary glands, usually found in adults 
of either sex. Grossly, these lesions are well circum-
scribed, but without a capsule. Histologic study reveals 
a compact network of simple tubular ducts without 
atypia. Larger lesions have collagen deposition in the 
center.

Hepatobiliary Mucinous Cystic Neoplasms
Hepatobiliary mucinous cystic neoplasms are rare cystic 
lesions that occur within the liver parenchyma or in the 
extrahepatic bile ducts. They occur much more fre-
quently in women and progress in size on follow-up. 
Patients are often asymptomatic, but they can present 
with upper abdominal fullness, pain, or early satiety. 
Ultrasound reveals hypoechoic lesions with irregular 
walls and internal echoes from debris. CT imaging 
reveals low-attenuation masses with loculations and 
septations. Histologic study is required for definitive 
diagnosis and to rule out invasive carcinoma as well  
as echinococcal and simple cysts. Lesions are often  
multiloculated cysts filled with blood or brown fluid, 
lined with mucus-secreting columnar epithelium,  
and surrounded by “ovarianlike” subepithelial stroma. 
Noninvasive lesions should be surgically resected by 

enucleation or hepatic resection, because malignant 
transformation of the lining occurs in up to 15% of 
cases.

Simple Liver Cysts
Simple liver cysts are congenital malformations of aber-
rant bile ducts that have lost communication with the 
biliary system, resulting in dilation from the slow accu-
mulation of fluid. They can be found in up to 1% of 
the adult population and have a female predominance. 

The cysts are lined with a single layer of cuboidal epi-
thelium and have an outer layer of fibrous tissue. Ultra-
sound imaging typically reveals an anechoic, unilocular, 
fluid-filled space without a definitive wall. Hemorrhage 
can occur in lesions larger than 4 cm, which can form 
internal septations and make radiographic diagnosis 
more difficult. Large cysts (> 4 cm) should be moni-
tored with serial imaging to check for progression. 
Symptomatic cysts can be treated with surgical unroof-
ing or resection.
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GROSS FEATURES

hepatoCellular CarCinoma

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer and the third leading cause of cancer-
related death worldwide. The incidence of HCC in the 
United States has increased from 2.5 to 8.46 cases per 
100,000 people between 1975 and 2012. The most 
common risk factor worldwide is chronic hepatitis  
B virus infection even in the absence of cirrhosis.  
Cirrhosis of any cause, but particularly in chronic  
active viral hepatitis and hereditary hemochromatosis, 
increases the risk of developing the carcinoma. Increas-
ing age, male gender, diabetes mellitus, and toxin expo-
sures are also risk factors. Despite increased recognition 
and surveillance, the 5-year mortality rate remains 
dismal, at about 17%, and the median survival rate fol-
lowing diagnosis ranges from 6 to 20 months.

HCC likely arises in the setting of repeated cycles of 
active inflammation and necrosis followed by regenera-
tion. With rapid cell turnover, poorly differentiated 
hepatocytes likely proliferate and develop into dysplas-
tic nodules and carcinoma. A finding that supports this 
hypothesis is the observation that hepatitis C–induced 
HCC is associated with increased inflammation and 
necrosis rather than specific oncogene activation. By 
contrast, HCC in hepatitis B does not correlate as well 
with inflammation, and there appear to be specific 
oncogenes induced by the virus. The risk of HCC in 
chronic hepatitis B is therefore correlated with the viral 
load as well as active viral replication. HCC develops 
along a continuum between high-grade dysplasia, char-
acterized by small cells with minor changes in nucleo-
cytoplasmic ratio or pleomorphism; to very early HCC, 
with distortion of the normal hepatic architecture and 
an increase in the arterial blood supply; to progressed 
HCC, with significant cellular atypia and architectural 
destruction, often with microvascular invasion. Plate 
1-89 outlines the histologic features of HCC and pat-
terns of tumor progression.

Patients are often asymptomatic or present with the 
typical complications of cirrhosis, but HCC should be 
suspected in anyone with cirrhosis presenting with 
acute or subacute decompensation. HCC is also associ-
ated with various paraneoplastic syndromes, including 
hypoglycemia caused by production of an insulinlike 
peptide, as well as hypercalcemia, thrombocytosis, and 
venous thrombosis.

The diagnosis is based on imaging techniques with 
or without biopsy. HCC is increasingly being found on 

surveillance ultrasonography based on recommenda-
tions supported by professional societies that patients 
with an increased risk of HCC (chronic hepatitis B or 
cirrhosis of any cause) undergo abdominal ultrasound 
at 6-month intervals. This surveillance protocol has 
been shown to improve survival rates and is cost-
effective. Alpha-fetoprotein is produced by many 
HCCs, and serum levels are therefore often high in 
affected patients; the test for alpha-fetoprotein lacks the 
sensitivity and specificity for effective surveillance, 
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HISTOLOGIC FEATURES, AND SPREAD OF PRIMARY CARCINOMA WITHIN THE LIVER
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however. Lesions smaller than 1 cm can be monitored 
with ultrasound at 3-month intervals. Lesions larger 
than 1 cm found on ultrasound typically require further 
evaluation with either four-phase multidetector CT 
scanning or contrast-enhanced MRI. Definitive HCC 
seen on cross-sectional imaging is defined as a lesion 
with enhancement in the arterial phase (due to its 
robust arterial blood supply) with washout in venous or 
delayed phases (due to the lack of the portal blood 
supply); biopsy is not needed in such cases. Suspicious 
lesions larger than 1 cm with atypical characteristics 
should be investigated with the alternative contrast-
enhanced study (CT or MRI). If the follow-up study 
shows the typical findings, the lesion is considered 
HCC; a biopsy is required if the findings remain atypi-
cal, however.

Once diagnosed, the treatment and prognosis of 
HCC vary depending upon the stage of disease. The 
most commonly used staging system in North America 
and Europe is the Barcelona Cancer of the Liver Clinic 
staging system. This system considers underlying liver 
function, tumor characteristics, and the patient’s per-
formance status to predict mortality rates and identify 
appropriate treatment options. Ideally, surveillance 
protocols detect small tumors in order to offer poten-
tially curative therapies, with liver resection, liver trans-
plant, or radiofrequency ablation. Resection is offered 
only to patients with lesions of 2 cm or smaller without 
cirrhosis or well-preserved hepatic function to limit the 
risk of liver failure or death. Liver transplantation is 
offered to patients with tumors within the Milan 

criteria (a single lesion smaller than 5 cm or three or 
fewer lesions, all smaller than 3 cm) and more advanced 
liver disease without significant comorbidities. Plate 
1-90 provides an overview of the nonsurgical manage-
ment of localized HCC. These three treatments offer 
excellent 5-year survival rates of between 50% and 
70%. Intermediate stages, based on tumor characteris-
tics or poor underlying liver function, are treated with 
palliative therapy, mainly transarterial chemoemboliza-
tion or intraarterial radiotherapy with 90yttrium, which 

offer 5-year survival rates of 40% to 50%. Advanced 
disease, usually defined as portal vein invasion or mul-
tifocal disease, has a very poor prognosis, even with 
systemic chemotherapy. Currently, the multikinase 
inhibitor sorafenib is the only medical therapy shown 
to improve the overall median survival time from about 
8 months to 11 months, as well as delay the time to 
progression from about 3 months to 6 months. Up to 
30% of patients discontinue therapy because of signifi-
cant side effects, however.

hepatoCellular CarCinoma 
(Continued)
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The treatment and prognosis of hepatocellular carci-
noma (HCC) depend upon the stage of disease at the 
time of presentation. The Barcelona Cancer of the 
Liver Clinic staging system is most commonly used in 
North America and Europe. This system considers 
underlying liver function, tumor characteristics, and the 
patient’s performance status to predict mortality rates 
and identify appropriate treatment options. Ideally, 
early-stage tumors will be found so patients can be 
offered potentially curative treatment, including abla-
tion, liver resection, or liver transplantation. This plate 
focuses on nonsurgical therapies for HCC. All modali-
ties except for ablation are considered to be palliative 
or bridges to liver transplant. The efficacy of these 
treatments is usually assessed with contrast-enhanced 
imaging 1 month after therapy; absence of contrast 
uptake indicates complete necrosis. Imaging is repeated 
every 3 months for about a year after treatment, and 
the interval is then increased back to 6 months.

PERCUTANEOUS ABLATION

Local ablation is the best treatment option in patients 
with early-stage HCC (typically, tumors of 2 to 3 cm) 
who are otherwise poor candidates for resection or liver 
transplant. There are multiple ablative therapies that 
can be applied percutaneously or via laparoscopy, 
including radiofrequency ablation (RFA), laser and 
microwave thermal ablation, cryoablation, or percuta-
neous ethanol injection (PEI).

Radiofrequency Ablation
In RFA, electrodes deliver heat to induce tumor necro-
sis. The technique is preferred over ethanol injection, 
particularly for tumors larger than 2 cm, because it 
requires fewer sessions for complete tumor necrosis and 
provides superior survival rates. RFA for tumors smaller 
than 2 cm has a 5-year survival rate comparable to that 
for resection, at 70%. RFA is contraindicated for tumors 
in certain locations where the heat can damage adjacent 
structures or large blood vessels can cause a heat sink 
effect. Overall, the technique is associated with a com-
plication rate of up to 10% and a mortality rate of 0.5%.

Percutaneous Ethanol Injection
Injection of 95% ethanol directly into a tumor, often  
in multiple sessions, can induce local necrosis, throm-
bosis of the tumor microvasculature, and tissue isch-
emia. is often superior to PEI and has largely replaced 
this method; however, PEI is still sometimes used for 
small tumors in locations where RFA is unsafe or 
ineffective.

TRANSARTERIAL EMBOLIZATION

Because HCC has a robust vascular supply from the 
hepatic artery, there are a variety of intravascular tech-
niques designed to induce ischemia (transarterial embo-
lization) or to deliver cytotoxic chemotherapy directly 
to the tumor (transarterial chemotherapy) for tissue 
destruction. These methods are considered noncurative 

and are used for large tumors (> 3 to 4 cm) where abla-
tion is inappropriate, provided the malignant tumor  
is confined to the liver and there is adequate portal 
blood flow.

Transarterial Embolization
Hepatic artery obstruction results from the injection of 
various substances, including Gelfoam, microspheres, 
or coils, which induce tumor necrosis through acute 
ischemia. Embolization targets segmental branches of 
the hepatic artery in order to avoid destruction of the 
surrounding normal liver parenchyma. Small studies 
have demonstrated no significant difference in survival 
rates when compared with supportive care; therefore, 
transarterial embolization is not recommended, unless 
patients have contraindications to chemotherapy.

Transarterial Chemoembolization
Transarterial chemoembolization combines two antitu-
mor effects by delivering localized chemotherapy via a 
transarterial catheter prior to inducing ischemia 
through embolization. There is no standardized che-
motherapeutic protocol, but cisplatin or doxorubicin, 
or a combination of the two drugs, is typically used. 
This significantly improves survival rates in carefully 

selected patients. Because there is often loss of normal 
liver tissue, patients with severe underlying liver disease 
(Child-Pugh class B or C disease) have a high chance 
of liver failure and are therefore not appropriate candi-
dates for transarterial chemoembolization.

RADIOTHERAPY

Hepatocellular carcinoma is a radiosensitive cancer, but 
because the liver is a radiosensitive organ, radiotherapy 
has had limited application. There is now a growing 
amount of data that have successfully established the 
balance between sufficient toxicity for tumor ablation 
and sparing of the normal liver parenchyma, via  
both external-beam radiation as well as local delivery  
of radioactive isotopes. In retrospective case series, 
external-beam radiotherapy appeared to be effective for 
tumors that are otherwise unsuitable for resection or 
locoregional therapies or for those with portal vascular 
invasion, but definitive data on the survival benefit are 
currently unavailable. Radioembolization, most com-
monly in the form of glass microspheres with 90yttrium, 
appears to have efficacy similar to that of transarterial 
chemoembolization in patients with advanced hepato-
cellular carcinoma with vascular invasion.
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Primary cancer of the bile duct, or cholangiocarcinoma, 
is a rare malignant disease of the biliary epithelial cells. 
Major risk factors include inflammatory conditions 
such as primary sclerosing cholangitis, parasitic infec-
tions, and viral or alcoholic hepatitis. Cholangiocarci-
nomas are classified by their location of origination as 
intrahepatic, hilar, or distal. Because of their pathologic 
similarity to metastatic adenocarcinomas, identification 
of tumors can be difficult, particularly in the case of 
intrahepatic tumors, where a final diagnosis is often 
made by exclusion of metastatic disease to the liver.

The tumor typically develops unicentrically and with 
marked hypertrophy of the connective tissue stroma in 
the form of a desmoplastic reaction. It is usually a firm, 
gray-white nodule, sharply demarcated from the sur-
rounding parenchyma. The cut surface reveals a homo-
geneous periphery and mottling in the center, caused 
by regressive changes. Tumors vary in size, with hilar 
and distal lesions typically presenting when smaller 
because they induce symptoms by obstruction of bile 
flow. Intrahepatic cholangiocarcinomas may present 
when very large and are relatively asymptomatic.

Histologic studies usually show a rather mature ade-
nocarcinoma, which sometimes has distinct papilloma-
tous arrangements, also apparent in the rare vascular 
invasions. Alveoli lined by columnar epithelium, which 
frequently produces mucus, are seen, and the basement 
membrane is usually markedly thickened and merges 
with the fibrotic stroma. Differentiation from meta-
static adenocarcinomas (for example, of the extrahe-
patic biliary tract, gastrointestinal tract, ovary, or 
bronchus) is difficult. The cells are more elongated the 
closer the tumor is to the hilus of the liver. Metastases 
develop relatively early to regional lymph nodes and 
lungs, and survival rates in late-stage disease are quite 
poor. Jaundice is the most common clinical manifesta-
tion, with other symptoms such as abdominal swelling, 
pain, weight loss, ascites, and fever variably present.

Surgery remains the only curative option for cholan-
giocarcinoma. Distal tumors are removed via pan-
creaticoduodenectomy in a fashion similar to primary 

pancreatic neoplasms. Occasionally, tumors are con-
fined to the mid–bile duct, and a primary bile duct 
resection with reconstruction can be performed. Intra-
hepatic tumors are typically resected with anatomic 
lobectomy or trisectionectomy, depending on the 
amount of liver parenchyma involved. Resection of 
hilar tumors is challenging because negative margins on 
either the right or left bile duct must be achieved. 
Because these tumors often invade hilar vascular 

structures, care must be taken to ensure that the blood 
supply to the remaining liver is intact. After removal of 
the extrahepatic bile duct and hepatic lobe, bile flow 
from the remaining lobe to the gastrointestinal tract is 
obtained via Roux-en-Y choledochojejunostomy. Unre-
sectable tumors can be palliated with biliary drainage 
and chemotherapy. Recent strategies have employed 
high-dose irradiation followed by liver transplantation 
with some success.
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In view of the relative rarity of primary hepatic carci-
noma in noncirrhotics and of the frequency of liver 
metastases from carcinoma elsewhere, the discovery of 
liver nodules should suggest secondary carcinoma in 
the absence of primary liver disease. The liver is the site 
of predilection for metastases of carcinomas in the 
stomach, lower part of the esophagus, colon, pancreas, 
and gallbladder.

Metastatic neoplasms of the liver vary greatly from only 
a few small white nodules to large nodules that can in some 
cases replace normal liver parenchyma. They are typi-
cally identified on cross-sectional imaging during a 
staging workup of primary tumors but occasionally rep-
resent the initial presentation of malignant disease. The 
radiographic appearance can help differentiate meta-
static tumors from primary liver cancers. Because  
of vascular inadequacies, larger lesions often exhibit 
central necrosis.

Pathologic features vary by tissue of origin. Larger 
necrotic tumors often show changes reflected in the 
yellow color of necrosis, red mottling of hemorrhage, 
and, occasionally, white fibrosis. A marginal zone of 
mucoid character is seen in mucus-producing carcino-
mas; it is granular in squamous cell carcinomas and  
of grayish appearance in small-cell carcinomas (e.g., 
bronchogenic carcinoma) or sarcomas. Extensive  
hemorrhagic destruction is particularly noted in  
choriocarcinomas, hemangioendothelial sarcomas, and 
hypernephroid carcinomas. A black color of all or most 
nodules reflects melanin formation by malignant mela-
noma. Larger tumors interfere with portal vein flow, so 
as to produce wedge-shaped hyperemic zones (Zahn 
infarct). When the primary tumor is not known, the 
microscopic appearance can indicate the tissue of origin 
and help guide further workup.

Clinical manifestations typically entail constitutional 
symptoms such as fever, anemia, weight loss, and 
malaise. Occasionally, a mass effect can cause hepatic 

enlargement, hepatic pain, and abdominal distention 
with local discomfort. Jaundice, if present, is typically 
caused by obstruction of the extrahepatic biliary  
ducts by the original tumor or by metastases to portal 
lymph nodes.

The treatment of liver metastasis varies by the degree 
of liver involvement and, more importantly, biologic 
characteristics of the primary tumor. For more 

aggressive tumors such as gastric and pancreatic cancers, 
chemotherapy is the preferred approach, with invasive 
procedures reserved for palliation of symptoms. There 
is evolving literature for the role of surgical resection 
in select patients with liver- only or liver-dominant 
metastases. This is particularly true for colorectal 
metastases, where resection can lead to improved 
overall survival and, in some cases, long-term cure.



	 Liver

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 95

Plate	1-93	

Wedge resection

Area to be resected

Liver stitch 

Liver parenchyma divided 
using crush-clamp technique

Postresection

Pedunculated tumor removed with stapler

operative proCeDures: weDge 
reseCtion/segmenteCtomy

When tumors are located at the periphery of the liver, 
away from major vascular structures, they can often be 
removed with a small rim of surrounding liver. This 
allows for preservation of the functional liver, which is 
of particular importance in patients with cirrhosis or 
when resection of multiple lesions is attempted. Occa-
sionally, hepatomas will grow as pedunculated masses 
attached to the liver by a thin bridge of parenchyma. 
These can be resected, often laparoscopically, by one or 
two applications of an Endo-GIA stapler.

There are a wide variety of techniques used for 
wedge resection of lesions from the liver. First and 
foremost, thorough intraoperative ultrasonography is 
required to determine the presence of other lesions and 
to locate large vessels in close proximity to the targeted 
mass. If other masses are identified (such as satellite 
lesions), a change in operative plan may be required. 
After the decision has been made to proceed with a 
wedge resection, control of the inflow vessels (hepatic 
artery and portal vein) should be obtained with a 
Pringle maneuver by passing a vessel loop around the 
porta hepatis. Next, the Glisson capsule is scored 1 to 
2 cm beyond the widest extent of the tumor, as deter-
mined by ultrasound. The liver parenchyma is dis-
rupted by crushing between the jaws of a clamp 
(crush-clamp technique) or use of a water jet or 

ultrasonic tissue dissector. Small vessels are controlled 
by a thermal device such as electrocautery or bipolar 
instrument, and larger vessels with clips or ligatures. 
The plane of dissection should be frequently rechecked 
with ultrasound to ensure an adequate margin. In the 
event of excessive bleeding, inflow can be temporarily 
occluded by the Pringle maneuver, facilitating comple-
tion of resection. Final hemostasis of the wedge cavity 
can be achieved by use of the argon-beam coagulator 
or application of hemostatic agents.

Occasionally, in the case of an apparently isolated 
metastasis or a small benign tumor not amenable to 
simple excision, segmental excision may be preferred to 
lobectomy. The segmental arrangement of the liver has 
already been described (see Plate 1-11). The principles 
of segmentectomy are similar to those of wedge resec-
tion, but care is taken to isolate the arterial and venous 
supply to the targeted segment. Once divided, the seg-
mental boundaries will demarcate and guide the extent 
of resection.
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LOBECTOMY

Removal of an entire hepatic lobe may result in a 
greater risk of postoperative hepatic insufficiency com-
pared with a lesser resection, but it is often associated 
with less blood loss and a lower risk of major hemor-
rhage. The reason for this is two-fold; first, inflow and 
outflow control can be obtained prior to parenchymal 
transection, limiting blood flow at the line of resection, 
and second, the division typically occurs along the prin-
ciple plane of the liver, which has few crossing vessels. 
The lobar anatomy of the liver is based on the portal 
venous and hepatic arterial blood supply, and the right 
and left lobe are separated by an imaginary line running 
from the gallbladder fossa to the suprahepatic vena cava 
called the Cantlie line.

The right lobe is made up of segments V, VI, VII, 
and VIII; is supplied by the right portal vein and hepatic 
artery; and is drained by the right and middle hepatic 
veins. The left lobe includes segments II, III, and IV; is 
fed by the left portal vein and hepatic artery; and is 
drained by the left and middle hepatic veins.

The principles of lobectomy are control and division 
of the inflow vessels followed by ligation of the venous 
drainage. Division of the vasculature in this order 
ensures that undrained inflow does not engorge the 
liver. Division of the portal pedicle can be accomplished 
by extrahepatic dissection and isolation or transection 
within the liver parenchyma. The vascular structures 
can be taken extrahepatically, but it is important to 
always ligate the bile duct intrahepatically because aber-
rant anatomy can frequently result in division of biliary 
drainage from the remnant lobe.

LEFT LOBECTOMY

Left lobectomies are typically carried out for tumors 
that involve the left hepatic vein or portal pedicle or 
those involving segment IV. Tumors that are confined 
to segments II and III can typically be resected with a 
left lateral segmentectomy, which is technically easier 
to perform and preserves segment IV.

Prior to initiation of surgical exploration, it is  
important that patients are deemed fit from a 

cardiopulmonary standpoint and that proper anesthetic 
technique is employed to ensure appropriate resuscita-
tion in the event of hemorrhage. Patients should receive 
restricted pretransection fluids to ensure a low central 
venous pressure, which limits back-bleeding from intra-
hepatic branches of the hepatic veins.

In opening the abdomen, an upper midline laparot-
omy or right subcostal incision is made with a cephalad 

extension toward the xyphoid process. This allows for 
better access to the hepatic veins and suprahepatic vena 
cava. Once the peritoneum is entered, the entire 
abdomen should be inspected for evidence of occult 
metastatic disease and the liver palpated for unantici-
pated additional tumors or significant fibrosis. The 
porta hepatis and celiac axis are palpated for evidence 
of lymphadenopathy, with a low threshold for biopsy of 
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LEFT LOBECTOMY: STEPS 4, 5, AND 6
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suspicious nodes. The ligamentum teres hepatis is 
clamped, cut, and ligated, and the hepatic end is used 
for gentle traction downward while the falciform liga-
ment is divided from the abdominal wall toward the 
suprahepatic vena cava. The left triangular ligament is 
exposed and divided, with care taken not to injure the 
spleen or left phrenic veins. Dissection should continue 
toward the vena cava, until the left hepatic vein is 
encountered. With mobilization complete, a thorough 
intraoperative ultrasound study should be performed to 
identify occult lesions and clarify the anatomy.

Because the left hepatic vein often shares a common 
trunk with the middle vein, it is often dangerous to 
attempt extrahepatic control of left-sided outflow. Divi-
sion can be easily performed at the end of the paren-
chymal transection, limiting the risk to the venous 
drainage of the remaining liver. When extrahepatic 
control is desired, as in the case of extended left hepa-
tectomy, the gastrohepatic ligament is divided until the 
ligamentum venosum is seen entering the left hepatic 
vein. Division of this structure allows access to a tunnel 
behind the common trunk and safe passage of an instru-
ment toward the anterior vena cava.

Identification of the left vascular inflow begins by 
lifting the ligamentum teres and lowering the hilar 
plate, which is a peritoneal reflection onto the hilum of 
the liver. This dissection is carried over to the gastro-
hepatic ligament, ensuring that any aberrant arteries are 
identified and divided. The left hepatic artery is easily 
identified by dividing the peritoneum in the left aspect 
of the porta hepatis at the base of segment IV and is 
controlled and divided by suture ligation. The left 
portal vein is identified by dissecting the tissue between 
the porta hepatis and base of the umbilical fissure. Care 
should be taken to identify the branch to the caudate 
lobe, and the portal vein is encircled distal to this region 
and divided using clamps or an Endo-GIA stapler. After 
the inflow vessels have been divided, a clear demarca-
tion should be seen along the Cantlie line.

There are many techniques used to divide the  
liver parenchyma, but all share the same underlying 
premise; division of avascular parenchyma to expose 

and properly control intrahepatic vessels and bile ducts. 
A Pringle maneuver can be used and allows for com-
plete inflow occlusion during transection to limit bleed-
ing from collateral contralobar vessels. The most 
commonly used technique is tissue fracture using a 
clamp, followed by control of small vessels using an 
energy device such as electrocautery. Moderate-sized 
vessels are identified and controlled by clip application 
or suture ligation. Larger vessels and bile ducts, such as 

the intrahepatic left pedicle, are controlled using the 
Endo-GIA stapler. Parenchymal division proceeds 
toward the left hepatic vein, which is eventually divided 
with an application of the Endo-GIA stapler. The cut 
surface is inspected for signs of bleeding or bile leak 
and treated with hemostatic agents or application of  
the argon-beam coagulator. Drain placement is left  
to the discretion of the surgeon but is not typically 
necessary.

left loBeCtomy (Continued)
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better exposure and vascular control. As above, the 
entire abdomen is inspected for evidence of occult 
metastatic disease and the liver palpated for unantici-
pated additional tumors or significant fibrosis. The 
porta hepatis and celiac axis are palpated for evidence 
of lymphadenopathy, and the ligamentum teres and fal-
ciform ligament are divided as described above. Com-
prehensive intraoperative ultrasonography is performed 
to identify any occult lesions and better delineate the 
intrahepatic vascular anatomy.

extenDeD right loBeCtomy

In extended right lobectomy, the entire right lobe is 
removed, along with the medial segment (IV) of the left 
lobe. Thus, all liver tissue to the right of the left lateral 
segmental fissure is sacrificed. This operation is typi-
cally performed for large lesions involving the right 
lobe along with segment IV or when resection of the 
right and middle hepatic veins is warranted. Care must 
be taken to ensure an adequate future liver remnant 
after resection to prevent postoperative hepatic insuf-
ficiency. A 25% remnant is typically sufficient for non-
diseased livers, whereas those exposed to extensive 
preoperative chemotherapy should have at least a  
40% remnant and those with cirrhosis should have at 
least a 50% remnant. If, based on preoperative assess-
ment, inadequate parenchymal mass will remain, pre-
operative embolization of the portal vein supplying the 
planned resected lobe often results in contralateral 
hypertrophy.

After ensuring proper vascular access and mainte-
nance of low central venous pressure, the patient is 
placed in a supine position and a right subcostal incision 
is made with a cephalad extension toward the xyphoid 
process. In the event of large tumors, diaphragmatic 
involvement, or hemorrhage, this incision can be easily 
extended laterally into the chest, or with sternotomy for 

Plate	1-96	

EXTENDED RIGHT LOBECTOMY: STEPS 1, 2, 3, AND 4

2. Anterior exposure 
of hepatic veins

3. Retrohepatic dissection

4. Caval ligament divided, 
right hepatic vein divided

1. Incision

Outflow control is obtained by extrahepatic isolation 
of the right hepatic vein. The falciform ligament is dis-
sected from the surface of the liver toward the supra-
hepatic vena cava, exposing the right hepatic vein and 
the common trunk of the left and middle veins. Next, 
the right lobe of the liver is rotated medially, and the 
triangular phrenohepatic ligaments are divided, expos-
ing the lateral wall of the inferior vena cava. Retrohe-
patic veins draining the liver directly into the inferior 
vena cava are controlled and divided. When proceeding 
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Plate	1-97	

EXTENDED RIGHT LOBECTOMY: STEPS 5 AND 6

5. Inflow dissection

6. Division of 
middle hepatic vein

cephalad along the inferior vena cava toward the right 
hepatic vein, the vena caval ligament is encountered and 
is divided using an Endo-GIA stapler. This exposes a 
tunnel beneath the right hepatic vein, allowing passage 
of a clamp to the anterior vena cava. The right hepatic 
vein is encircled for future division using an Endo-GIA 
stapler.

Extrahepatic inflow control commences with lower-
ing of the hilar plate, exposing the anterior surface of 
the common bile duct and hepatic artery. At this point, 
cholecystectomy is performed and the ligated cystic 
duct retracted medially to expose the right hepatic 
artery, which is subsequently controlled and divided. 
Blunt dissection of the tissue posterior and lateral to the 
artery and common bile duct will expose the right 
portal vein, which is encircled and divided using an 
Endo-GIA stapler. Because the anatomy of the extrahe-
patic biliary system is often anomalous, transection of 
the right hepatic duct should occur intrahepatically 
during parenchymal transection. At this point, a clear 
demarcation along the Cantlie line should be visible 
and used as a guide when right lobectomy is planned. 
In the case of extended right hepatectomy where 
segment IV and the middle hepatic vein will be taken, 
the falciform ligament will be used to direct parenchy-
mal transection. After inflow transection, the right 

hepatic vein can be divided, facilitating mobility of the 
liver and decreasing venous back-bleeding.

At this point, a vessel loop is passed around the porta 
hepatis for complete inflow occlusion to prevent bleed-
ing from collateral vessels during parenchymal transec-
tion. The liver is divided to the immediate right of the 
falciform ligament. As the parenchymal transection 
proceeds, the left portal pedicle branches to segment 

IV will be encountered and should be divided using an 
Endo-GIA stapler. As dissection approaches the hilum, 
care must be taken to avoid injury to the left-sided 
inflow and biliary drainage from the future liver 
remnant (segments II and III). As division of the paren-
chyma deepens, the middle hepatic vein is encountered 
and divided using an Endo-GIA stapler, thus complet-
ing the resection.

extenDeD right loBeCtomy 
(Continued)
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Plate	1-98	
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Because cancers of the liver, both primary and meta-
static, receive their blood supply through the arterial 
system, palliative chemotherapy has been given by way 
of the hepatic artery. Earlier techniques relied on a 
single administration of high-dose chemotherapy, but 
with the advent of the hepatic artery infusion pump, 
continuous delivery of liver-directed chemotherapy is 
possible for up to 2 weeks. Prior to operation, the arte-
rial anatomy is detailed via a CT angiogram, ensuring 
that no aberrant vessels are identified and a patent gas-
troduodenal artery (GDA) is present. After midline 
laparotomy, the common hepatic artery is identified and 
dissected toward the hilum of the liver. The GDA is 
identified, encircled, and freed from surrounding 
attachments for a length of 3 to 4 cm. Any small vessels 
emerging from the GDA, proper hepatic, or common 
hepatic arteries are ligated to prevent malperfusion of 

the chemotherapeutic agent. A subcutaneous pocket is 
made in the left lower quadrant to house the chemo-
therapy reservoir, and the catheter is tunneled through 
the fascia toward the liver. The distal GDA is ligated. 
A small arteriotomy is made to allow passage of the 
small plastic catheter, and its tip is advanced to the 
takeoff of the GDA, where it is secured in place. Any 
aberrant draining vasculature should be divided to 
ensure efficacy of therapy with the hepatic artery infu-
sion pump. After placement, perfusion is tested by 

injection of methylene blue through the pump appara-
tus and visual inspection of the liver, duodenum, and 
pancreas. If inadequate perfusion of the liver is noted, 
anomalous arterial vessels should be identified and 
divided. If malperfusion to the duodenum or pancreas 
is seen, further dissection of the hepatic artery should 
be performed and small branches ligated. A postopera-
tive nuclear medicine scan is performed to ensure 
proper hepatic perfusion. The pump is typically filled 
once per month with 5-fluoro-2′-deoxyuridine.
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Plate	1-99	
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liver transplantation

Liver failure occurs when a large portion of functioning 
hepatocytes are lost, leading to inadequate hepatic 
protein synthesis and toxin removal. This can occur 
either acutely, as in the case of acetaminophen toxicity, 
or chronically, due to cirrhosis from viral infection or 
alcohol use. The initial management of cirrhosis and 
end-stage liver disease is palliation of symptoms caused 
by ascites formation, varicosities, and coagulopathy. 
The only definitive treatment is liver transplantation.

Developed in the 1970s, liver transplantation typi-
cally involves removal of the diseased organ, followed 
by hepatic replacement with an organ from a recently 
deceased donor or, occasionally, a lobe from a living 
donor. The current indications for orthotopic liver 
transplantation are end-stage liver disease with 
decreased short-term survival, fulminant acute liver 
failure, low-volume hepatocellular carcinoma, and, 
more recently, unresectable cholangiocarcinoma. 
Because there is a fixed donor pool and the list for 
recipients is long, a process has been created to allocate 
organs by need. It is managed by a national nonprofit 
organization, the United Network for Organ Sharing.

Currently, patients are prioritized for organ receipt 
using the model for end-stage liver disease (MELD) 
scoring system. Originally created to predict mortality 
rates associated with decompressive portosystemic 
shunting, MELD scoring is based on serum bilirubin 
levels, the international normalized ratio, and creati-
nine levels. Additional points are given to patients with 
known hepatocellular carcinoma provided they have 
one lesion smaller than 5 cm or three lesions smaller 
than 3 cm with no evidence of extrahepatic disease 
(Milan criteria). Patients are listed by score, and those 
with higher values, representing worse liver disease, 
preferentially receive organs. The one exception is 
patients who develop fulminant acute liver failure in 
whom death is imminent. They receive a special clas-
sification ensuring the highest priority on the list.

Pretransplant evaluation involves a coordinated 
assessment of existing medical conditions, social support 
networks, and likeliness to comply with postoperative 
immunosuppression. Unlike in other organ transplants, 
human leukocyte antigen haplotyping and detailed 
immunologic assessment are not required. In many 
centers, preoperative cross-sectional imaging is used to 
assess for anatomic variability and rule out underlying 
malignant disease.

Once a suitable organ is procured, orthotopic liver 
transplantation is begun. It has two principle compo-
nents, recipient hepatectomy and donor replacement. 
Removal of a diseased liver can be difficult and associ-
ated with significant blood loss. Patients are often 
coagulopathic and have extensive fragile collateral 
varices and friable livers. The operation begins with a 
bilateral subcostal incision, often with an upward exten-
sion. The porta hepatis is identified, and the right and 

left hepatic arteries, portal vein, and common bile duct 
are skeletonized and encircled. After division of the 
arteries, the bile duct is divided just distal to the bifurca-
tion, ensuring sufficient length for future anastomosis. 
The portal vein can be clamped and divided in prepara-
tion for anastomosis. Disruption of portal flow can be 
associated with hemodynamic instability and conges-
tion of the bowel from splanchnic hypertension. To 
obviate this, some centers employ venovenous bypass 
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Plate	1-100	
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with a cannula placed into the portal vein, or creation 
of a temporary portosystemic shunt by anastomosing 
the portal vein to the inferior vena cava.

The final step is control of the inferior vena cava; this 
varies by technique of orthotopic liver transplantation. 
In the traditional bicaval anastomotic technique, the 
infrahepatic and suprahepatic inferior venae cavae are 
encircled and divided. The piggyback technique leaves 
the recipient inferior vena cava intact and removes the 
liver at the level of the hepatic veins. This requires a 
more tedious retrohepatic dissection but does not 
disrupt caval flow, preventing large hemodynamic shifts.

After hepatectomy, the donor organ is brought into 
the field and placed in the right upper quadrant. It is 
essential that organs are sized appropriately during the 
preoperative allocation phase to ensure that the liver 
will fit into the space provided. The first anastomosis is 
of the suprahepatic cava, followed by the infrahepatic 
cava, allowing for return of blood flow to the heart and 
adequate venous drainage of the liver. If a piggyback 
technique is used, a single anastomosis is performed 
from a cuff of cava on the donor side to the confluence 
of the left, right, and middle hepatic veins on the recipi-
ent. Next the portal vein anastomosis is performed 
using a standard end-to-end technique. Sufficient laxity 
should be left in the suture to allow for subsequent 
dilation of the vein on unclamping, preventing anasto-
motic “waisting” and impairment of flow. The final 
vascular anastomosis is of the artery, which is performed 
from the recipient hepatic artery to the celiac artery of 
the donor. Care must be taken to ensure that all aber-
rant arteries receive blood flow, typically by sewing 
them to form a common orifice. Any arterial redun-
dancy must be dealt with to ensure that kinking does 
not lead to obstruction of flow. If arterial length is insuf-
ficient, a conduit can be used. Biliary reconstruction is 
typically performed with a choledochocholedochos-
tomy, with optional placement of a T-tube for biliary 
drainage and postoperative access. If biliary length is 
questionable or when primary sclerosing cholangitis  
is present, a choledochojejunostomy to a Roux limb is 
performed.

Postoperative management involves general support-
ive care, donor organ monitoring, and institution of 
immunosuppression. Serial hepatic function tests are 
performed to document liver synthetic function and 

normalization of liver enzymes. Any abrupt changes in 
levels should prompt urgent ultrasound to ensure ade-
quate vascular flow. Evidence of interruption of flow 
should result in a prompt return to the operating room 
for correction. Postoperative bleeding and biliary  
complications are common and should be managed 
appropriately.

Posttransplant immunosuppression typically con-
sists of a combination of tacrolimus or cyclosporine, 

azathioprine, or mycophenolate mofetil, with or 
without corticosteroids. Patients should be monitored 
in the acute and chronic settings for evidence of rejec-
tion with liberal use of donor organ biopsy as indicated. 
Long-term outcomes depend primarily on compliance 
with immunosuppressive medications and control of 
the causative agents. Improved outcomes are seen with 
treatment of underlying conditions such as viral hepa-
titis and cessation of alcohol use.

liver transplantation 
(Continued)
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Plate 2-1 
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The foregut is the first segment of the gut tube within 
the abdomen. It is attached to the anterior body wall  
by a ventral/anterior mesentery and posteriorly by a 
dorsal/posterior mesentery, the latter supplying blood 
from the dorsal aorta via the celiac arterial trunk. Two 
diverticula extend from the foregut, one dorsally and 
the other ventrally. The dorsal pancreatic bud extends 
into the dorsal mesentery while the liver develops from 
the endodermal cells that line the foregut and extend 
into the ventral mesentery to create the hepatic diverticu-
lum during the third week. The cells of the hepatic 
diverticulum proliferate and extend superiorly into the 
septum transversum, which separates the pericardial 
cavity from the developing peritoneal cavity. As the 
hepatic diverticulum expands within the septum trans-
versum, its connection to the foregut narrows to 
become the bile duct, which will carry bile from the liver 
to the duodenum.

At approximately 30 days of development, another 
extension of endoderm projects inferiorly off of the bile 
duct. This diverticulum will develop into the gallbladder, 
and the connection between it and the bile duct will 
become the cystic duct. Just proximal to the developing 
gallbladder is yet another diverticulum extending from 
the bile duct, the ventral pancreatic bud. The two pan-
creatic buds will fuse to form the mature pancreas, and 
the gallbladder will associate with the inferior side of 
the liver. The bile duct superior to the departure point 
of the cystic duct will split to become the left and right 
hepatic ducts, and the region between the cystic duct and 
the duodenum becomes the common bile duct. The 
common bile duct shares a common chamber with the 
pancreatic duct, the hepatopancreatic ampulla, which 

opens into the second part of the duodenum at the 
major duodenal papilla and can be closed by the hepato-
pancreatic sphincter.

As do many other lumens in the gastrointestinal tract, 
the epithelium of the early cystic duct proliferates so 
quickly that it occludes the duct. The occlusion typi-
cally disappears and recanalizes by the 12th week, when 
the liver begins producing bile. If the duct fails to fully 

recanalize, congenital biliary atresia or stenosis will 
occur. Bile is released into the hepatic bile ducts, down 
to the duodenum through the common bile duct. When 
the hepatopancreatic sphincter closes the opening  
of the major duodenal papilla, the bile will back up into 
the cystic duct and gallbladder. The dark green color 
of bile gives the distinctive color to meconium, the early 
fecal products of newborns.
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Plate 2-2 
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The pear-shaped gallbladder is attached to the inferior 
surface of the right and quadrate lobes of the liver. 
Loose connective (areolar) tissue, in which blood 
vessels, lymphatics, and nerves run, fills the gallbladder 
bed, an impression it leaves on the surface of the liver. 
Otherwise, the gallbladder is covered by peritoneum, 
the reflection of which continues into the hepatic 
serosal surface. Usually about 10 cm long and 3 to 5 cm 
in diameter, the fundus of the gallbladder projects 
beyond the anterior liver margin to contact the inferior 
surface of the diaphragm. This is the part that is pal-
pable in vivo and visible cholecystographically as the 
Phrygian cap when a kinking or folding of the fundus 
occurs. The corpus (body) is in contact with the second 
portion of the duodenum and the colon. The infundibu-
lum, or Hartmann pouch, located at the free edge of the 
lesser omentum, bulges forward toward the cystic duct, 
hiding it from surgical exposure but serving as a land-
mark for its identification. The part between the body 
of the gallbladder and the cystic duct is called the neck 
of the gallbladder.

The microanatomy of the gallbladder is similar to 
that of the gastrointestinal tract but has several unique 
features. Its mucosal layer is thrown in folds and lined 
by a very distinctive simple columnar epithelium, and 
although there is a lamina propria, there is no muscularis 
mucosa or submucosa. The lamina propria is richly 
vascularized and contains lymphocytes. There is a sig-
nificant muscularis externa, but it is not divided into 
longitudinal and circular layers. The fibers of the gall-
bladder muscle below the mucosa are discontinuous, 
separated by connective tissue, and they course longi-
tudinally in the inner layer and diagonally in the outer 
layer. A subserous layer (in contact with the liver) and 
a serosal layer are present superficially. The irregular 
folds, easily seen in their contracted state, disappear on 
extreme distention.

Mucous glands are found only in the neck. Pocketlike 
invaginations of the surface epithelium occur normally 
and contribute to the formation of folds. As a result of 
inflammation, they may extend into and through the 
muscular layer as Rokitansky-Aschoff sinuses. Aberrant 
vestigial bile ducts (of Luschka) of the liver, not con-
nected with the gallbladder lumen, may enter the 
adventitial layer and serve as a path for infections from 
the liver to the gallbladder bed.

The cystic duct, a few centimeters long, is tortuous in 
its first portion (pars spiralis) and smooth in its short 
end-piece (pars glabra). In the former, the spiral fold (of 
Heister) is produced by mucosal duplications that regu-
late filling and emptying of the gallbladder according 
to the pressure in the biliary system. The right and left 
hepatic ducts emerging from the liver unite to become 
the 2- to 3-cm–long common hepatic duct, which, in turn, 
combines with the cystic duct to form the common bile 

duct, also known as the ductus choledochus. The latter, 
10 to 15 cm long, descends in the free margin of the 
lesser omentum and continues posterior to the pars 
superior of the duodenum and through the pancreas in 
a downward and slightly rightward direction to enter 
the descending part of the duodenum at the major 
papilla (of Vater). The common bile duct, thus, may be 
divided into supraduodenal, retroduodenal, infraduodenal, 
and intraduodenal portions.

The extrahepatic bile ducts are lined by high colum-
nar epithelium, which is sometimes thrown into irregu-
lar folds. The subepithelial connective tissue is rich in 
elastic fibers but contains few and irregularly arranged 
smooth muscle fibers. Mucus-producing glands in the 
deep layers are connected with the lumen by long ducts. 
Their white viscous secretion, together with that of the 
neck glands, amounts to about 20 mL/day. It accounts 
for the mucous material admixed to the bile.
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Plate 2-3 
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During operation on the biliary system, it is of utmost 
importance to carefully identify each single structure, 
because anatomic variations in this field are common 
and because a series of dreaded consequences will ensue 
if such variations are overlooked. The course of the 
cystic duct varies frequently and may escape ligation, 
with resultant postoperative bile leakage. The common 
bile duct and, even more so, hepatic duct are exposed 
during surgery to unintended injuries, which may  
mean complete separation of the ducts or strictures at 
a later date.

The variation in sites at which the hepatic and cystic 
ducts unite determines the length of the common bile 
duct, which varies anywhere between a point close to 
the duodenum to almost the porta hepatis. If this union 
lies low, far away from the porta hepatis and near the 
duodenum, the supraduodenal portion of the common 
bile duct is very short or may be completely absent. In 
such cases, the cystic and common hepatic ducts run 
parallel for a considerable length, inviting difficulties 
during cholecystectomy. This situation is compounded 
if the two ducts are encircled by a common sheath of 
dense connective tissue; a stone in the cystic duct may 
lead not only to compression of the hepatic duct but 
also to added difficulties at surgery. The cystic duct may 
be duplicated or may be very short or absent, and then 
the gallbladder appears to empty directly into the 
hepatic duct. As a rule the cystic duct joins the right 
aspect of the hepatic duct, but sometimes its opening 
may be found on its anterior aspect and, in rare 
instances, on the left aspect of the duct. The cystic duct 
in such a situation crosses in a spiral fashion either the 
anterior or the posterior aspect of the common hepatic duct, 
again creating problems at surgical dissection.

Accessory hepatic ducts have been found in one fifth of 
all instances dissected. It has been pointed out that they 
are not actually accessory but rather aberrant, because 
the drainage of bile from a circumscribed portion of the 
liver depends upon them and no other collateral chan-
nels. They are regularly injured at cholecystectomy if 
they traverse the cystic triangle of Calot. In half of the 

cases in which an accessory duct is found, it joins the 
common hepatic duct somewhere along its course. Far less 
frequently, the accessory duct joins the right branch of 
the hepatic duct or the common bile duct. In the latter 
instance, it may cross the cystic duct. Sometimes the 
cystic duct may join an accessory hepatic duct, and both 
together combine with the common hepatic duct to 
form the common bile duct. Most accessory ducts are 
on the right side. Those on the left side enter the 
common bile duct. This may be associated with the 

presence of a right accessory duct joining the hepatic 
duct. An accessory hepatic duct may run through the gall-
bladder bed and may sometimes even enter the gallblad-
der itself. This duct is readily torn during cholecystectomy, 
and, if not recognized or if it is mistaken for fibrous 
strands, postoperative leakage into the gallbladder bed 
will occur. The relation of accessory vessels to the arter-
ies also poses surgical predicaments, particularly with 
respect to a high cystic artery that may cross the low 
hepatic duct, and vice versa.
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The lumen of the second portion of the duodenum harbors 
the major duodenal papilla (of Vater) on its medial aspect, 
between the circular folds of the intestine (of Kerckring). 
This papilla and the longitudinal fold constitute  
the choledochoduodenal junction, an oblique passageway 
through the duodenal wall traversed by the common 
bile duct (ductus choledochus) and the main pancreatic duct 
(of Wirsung). These ducts may open separately or 
through the medium of a common chamber, the hepa-
topancreatic ampulla (of Vater). A minor duodenal papilla 
is often seen about 2 cm above the papilla of Vater, 
where the accessory pancreatic duct (of Santorini) 
empties into the duodenum. This duct typically com-
municates with the main pancreatic duct within the 
head of the pancreas.

The union between the common bile duct and the 
main pancreatic duct varies individually. Most fre-
quently, both ducts join within the wall of the duode-
num and have a short common terminal portion, the 
hepatopancreatic ampulla. In other instances, each duct 
has its own opening either at the papilla or, occasionally, 
at some distance away (as much as 2 cm). The third 
possibility is the union of both ducts before they enter 
the duodenum, in which case a long common terminal 
portion is formed that transverses the duodenal wall. A 
slightly elevated longitudinal fold in the duodenum is a 
projection of the hepatopancreatic ampulla, a dilated 
part of the common terminal portion of both ducts. It 
is this common portion that may rarely permit reflux of 
pancreatic juice into the biliary system or of bile into 
the pancreas. Obstruction of the papillary orifice by a 
biliary calculus or a muscular spasm, naturally, might 
facilitate reflux, except when the common portion is 
extremely short.

The common bile and pancreatic ducts with their 
sphincters pass through the duodenal wall in the form 
of an eye-shaped window, the size of which determines 
the influence of duodenal tonus and peristalsis upon 
bile flow as well as the passing of gallstones. Though 
the architecture of the sphincter muscles depends upon 
the various types of union discussed above, the proto-
type of this complex sphincter arrangement consists of 
the following parts:

1. The sphincter of the common bile duct surrounds the 
common bile duct from its entrance into the duo-
denal wall to its junction with the pancreatic duct; 

it regulates the bile flow and, retrogressively, the 
filling of the gallbladder.

2. The sphincter of the pancreatic duct, present only 
in a variable number of instances, surrounds  
the intraduodenal portion of the pancreatic  
duct.

3. The sphincter of the hepatopancreatic ampulla is 
an annular muscle extending from the junction  
of the ducts to the tip of the papilla; it is the 
muscle of the common channel and its relaxation 

allows the passage of bile and pancreatic enzymes 
to the duodenum.

4. Longitudinal muscle bundles, extending from the 
entrance of the ducts into the duodenal wall to 
the tip of the papilla, connect the ducts with each 
other as well as with the duodenal muscles; their 
activity retracts or erects the papilla.

5. Reinforcing fibers, extending from the duodenal 
muscles to the longitudinal fibers, enforce the 
duodenal window and prevent its dilatation.
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Under basal conditions, that is, with no food in the 
stomach or duodenum, no bile enters the duodenum, 
even though it is secreted continuously by the liver, 
because the sphincter of Oddi is contracted. Therefore, 
bile accumulates in the common bile duct and is 
diverted into the gallbladder when the pressure in the 
biliary system reaches about 200 mm H2O. When food 
enters the duodenum, the sphincter relaxes, the gallblad-
der contracts, and bile enters the duodenum, and the 
biliary pressure drops to 100 mm H2O or less. Then 
the gallbladder empties slowly and intermittently, being 
gradually reduced to the size of a thumb. The total 
evacuation period of the gallbladder varies from 15 
minutes to several hours. The pattern of contraction 
exhibits great individual variation.

The natural stimuli for the release of bile into the 
duodenum (cholecystokinetic effect, i.e., the coordi-
nated contraction of the gallbladder and dilatation of the 
sphincter of Oddi) are food ingredients, of which fats are 
the most potent, followed by proteins. Carbohydrates 
have an inhibitory influence. Proteins are stronger than 
fats in exerting stimulation of bile production in the 
liver (choleretic effect), and carbohydrates, again, are 
inhibitors in this respect. The cholecystokinetic effect 
is mediated by the hormone cholecystokinin, which the 
intestinal mucosa releases when fats enter the duode-
num. The dual (sympathetic and parasympathetic) 

innervation of the gallbladder and sphincter of Oddi 
also supports a coordinated effect. According to Melt-
zer’s law of contrary innervation, sympathetic stimula-
tion causes contraction of the sphincter and dilation of 
the gallbladder, whereas parasympathetic (vagus nerve) 
stimulation relaxes the sphincter and contracts the  
gallbladder, as do purified cholecystokinin or synthetic 
cholecystokinin analog, when administered intrave-
nously, though this does not hold for excessive vagus 
stimulation, which leads to a contraction of both sites. 

In general, however, hormonal stimulation induced  
by cholekinetic food is more important than nervous 
stimulation. This effect is exploited in the so-called 
CCK-HIDA scan, the prevalent test used for clinical 
evaluation of gallbladder contractile function. The 
CCK-HIDA scan is a variant of the standard HIDA 
scan that is most often used to diagnose bile leaks, 
arising from fistulas and other disruptions of the bile 
duct, and cystic duct obstruction leading to acute cho-
lecystitis (see HIDA scan). In the CCK-HIDA scan, a 
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HIDA SCAN

The HIDA scans. A, Normal scan showing good uptake of radiotracer by the liver with
normal hepatobiliary excretion that moves promptly into the gallbladder and small bowel.
The gallbladder should appear by 60 minutes and is easily seen in this patient by
15 minutes (arrow). B, Acute cholecystitis. Radiotracer uptake by the liver, excretion
into the biliary tree, and movement into the small bowel are normal. Radiotracer does not
enter the gallbladder despite continued imaging after morphine injection. This is 98%
predictive of acute cholecystitis. (From Behrang A, Patel CB, Lewin LR, et al. Diagnostic
nuclear medicine in the ED. Am J Emerg Med 2011: 29:91-101.)

A. Normal filling of gallbladder B. Acute cholecystitis

5 minutes 5 minutes

15 minutes 60 minutes

60 minutes Post-morphine

nuclear medicine assay, the radioactive scintigraphic 
agent hepatobiliary iminodiacetic acid (HIDA) is 
administered intravenously. It is taken up by the hepa-
tocyte and excreted into bile, which collects in the gall-
bladder. In order to stimulate gallbladder contraction 
and ejection of bile, synthetic cholecystokinin analog 
(sincalide, a C-terminal octapeptide fragment of chole-
cystokinin) is then administered intravenously. The 
radioactive tracer, and therefore bile, remaining in the 
gallbladder after sincalide administration is calculated 
as a percentage of the initial amount present in the 
gallbladder prior to sincalide administration. This per-
centage is compared with the norm to determine if the 
gallbladder ejection fraction is abnormally low, indicat-
ing dysfunction.

In individuals with biliary fistulae, approximately 
1000 mL of bile per day may be produced. Though this 
figure might not reflect the normal amount of bile, it 
may be assumed that the gallbladder may accumulate 
between 200 and 500 mL of bile between meals. Such 
a quantity of fluid in a region where the liver, intestine, 
kidney, and adrenal compete for space would create 
pressure difficulties were it not for the gallbladder’s 
ability to concentrate the liver bile from four-fold to 

ten-fold. The gallbladder mucosa can reabsorb water 
and salts, leaving bile pigment, bile acid, and calcium 
salts in a concentrated solution. This concentrating 
power may be lost in certain pathologic conditions,  
or bile acids, which keep cholesterol and bile pigments 
in aqueous solution, may also be absorbed as in the 
presence of inflammatory processes. Such functional 
disturbances may contribute to the formation of gall-
stones. The gallbladder also secretes mucin and ions 
into bile.

Another function of the gallbladder is concerned 
with the regulation of the biliary pressure as it results 
from the secretion of the liver and the resistance offered 
by the sphincter of Oddi. The pressure would rise 
rapidly with spasms of the sphincter if the gallbladder, 
as an expansile side arm to the biliary system, would  
not dilate. If the gallbladder is removed surgically or is 

spontaneously eliminated by either cystic duct obstruc-
tion or chronic fibrosing cholecystitis, the same situa-
tion arises as in rats and horses, which have no 
gallbladder and also no sphincter of Oddi, so that bile 
trickles continuously into the duodenum. With the loss 
of the gallbladder, the regulative influence for the alter-
nating contraction and relaxation is also lost, and the 
sphincter of Oddi remains permanently open until 
several months after cholecystectomy, when in some 
instances the extrahepatic bile ducts dilate and start 
concentrating bile, substituting in this way for one of 
the lost gallbladder functions. In time the sphincter 
regains its tone, and the normal economy of bile in  
the intestine is restored. Under these circumstances, 
however, the common and intrahepatic ducts may 
contain concentrated bile and thus become susceptible 
to stone formation by precipitation of biliary solids.

function of GallblaDDer anD 
cHoleDocHoDuoDenal 
spHincter (Continued)
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The sphincter of Oddi (SO) is a three- or four-part mus-
cular structure surrounding the distal common bile duct 
(sphincter choledochus), the distal main pancreatic duct 
(sphincter pancreaticus), the combined (unified) ampul-
lary biliopancreatic duct to the level of the papilla of Vater 
(sphincter ampullae), and, structurally, the surrounding 
duodenal muscularis. Through neuronal and peptide 
hormonal inputs not fully characterized, this sphincter 
muscle modulates outflow of bile and pancreatic succus 
via tonic and phasic contractions and relaxations. Ana-
tomic alterations (stenosis, putatively resulting from 
chronic stone or sludge passage, or other inflammation or 
trauma) can result in mechanical obstruction of flow 
through the ampullary area of the biliary and pancreatic 
duct systems, as can alterations in contractile function of 
the SO, putatively. Both may result in pain and associated 
gastrointestinal symptoms. Both stenosis of the ampul-
lary outlet and symptomatic obstruction attributed to SO 
dysmotility are typically included in the realm of dysfunc-
tion of the sphincter of Oddi.

Disorder of SO motility is termed sphincter of Oddi 
dysfunction (SOD), and is clinically described and  
categorized in the Rome III Criteria for Functional 
Gastrointestinal Disorders, section E, Functional  
Gallbladder and Sphincter of Oddi Disorders. This cat-
egory is subdivided into Functional Gallbladder Disor-
der, Functional Biliary Sphincter of Oddi Disorder, and 
Functional Pancreatic Sphincter of Oddi Disorder. 
SOD encompasses the latter two. In summary, the 
Rome criteria for SOD characterize this pain syndrome 
as being epigastric or right upper abdominal in location, 
lasting 30 minutes or more, recurring, and not relieved 
by bowel movements, posture, or antacids, amongst 
other details. In these settings, elevated liver enzymes 
are considered supportive of biliary SOD, and elevated 
serum pancreatic enzymes are considered supportive of 
pancreatic SOD (1).

The original Milwaukee criteria classifies SOD into 
types I, II, and III, each with a biliary or pancreatic 
subgroup, SOD III demonstrating biliary or pancreatic 
pain alone (without objective criteria); SOD II with 
biliary or pancreatic pain plus one other criterion met 
(typically, liver enzyme or pancreatic serum enzyme 
elevation, or biliary or pancreatic ductal dilatation); and 
SOD I characterized by all three criteria, specifically 
pancreaticobiliary pain in the presence of biliary or 
pancreatic enzyme elevation as well as pancreatic or 
biliary ductal dilatation. The Rome III consensus state-
ment revised these classifications, making them more 
specifically defined and detailed, with the aim of greater 
precision in diagnosis, of reducing misdiagnosis, and of 
discouraging unnecessary invasive investigation.

In general, entertaining the diagnosis of SOD 
involves a patient presenting with intermittent, recur-
rent upper abdominal pain, typically in the right upper 
quadrant or epigastrium. Clinically, more often than 
not, the pain investigated in this setting occurs follow-
ing cholecystectomy, and may, to a greater or lesser 
degree, mimic the biliary pain that the patient experi-
enced prior to cholecystectomy. The steps to diagnos-
ing SOD begin with excluding other, non-SO causes of 
such pain, including other functional gastrointestinal 
disorders, such as gastroesophageal reflux disease or 
irritable bowel syndrome, which may present with 

similar symptoms in this anatomic distribution. The 
Rome III criteria summarize the workup in this way:

The initial diagnostic workup may approach SOD as 
a diagnosis of exclusion, after amply ruling out other 
potential causes of the patient’s pain, while also deter-
mining if aminotransferase elevations or recurrent 
acute pancreatitis episodes are apparent, and if biliary 
and/or pancreatic ductal dilatation is visualized on 
ultrasound or radiologic imaging, which could add 
further support to a presumptive diagnosis of SOD if 
the above Rome III criteria are also met.

In biliary-type SOD, if liver enzyme elevations and 
biliary ductal dilatation are evident in the setting of 
appropriate symptoms, criteria for SOD I are met. 
Because these patients have a high likelihood of durable 
relief of pain episodes with biliary sphincterotomy, 
further investigation is usually considered unwarranted, 
and endoscopic sphincterotomy is undertaken as defini-
tive treatment without the need to undertake sphincter 
of Oddi manometry (SOM).

In SOD II and III, different approaches may be used. 
Particularly in SOD III, empirical treatment using 
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pharmacologic agents with anticholinergic or visceral 
neuromodulatory/analgesic effects, may be used in lieu 
of, or before considering, invasive diagnostic study with 
SOM or sphincterotomy without antecedent SOM.

SOM is performed during endoscopic retrograde 
cholangiopancreatography (ERCP). A typical SOM 
catheter is a multichannel perfusion-transducer device 
analogous to a perfusion-transducer type of esophageal 
manometry catheter. Perfusion ports are located on the 
side wall of the catheter and also at the distal lumen, 
which is frequently sacrificed to allow guidewire 
exchanges and/or negative-pressure aspiration in the 
case of pancreatic SOM. The tracing is zeroed in the 
duodenal lumen, the catheter inserted into the bile duct 
or pancreatic duct, and a station pull-through technique 
used, analogous to that employed in esophageal 
manometry using a perfusion manometry catheter. 
Basal SO pressures are measured and phasic pressures 
identified, although information from phasic contrac-
tions is not generally used in clinical decision making 
in SOD today.

SOM has been considered the definitive standard for 
the diagnosis of SOD. However, in clinical use, perhaps 
a more accurate characterization of its utility is as a 
stratification tool—to determine which cases of SOD 
are, or are not, likely to sustain a durable symptomatic 
response to sphincterotomy. Diagnosis, or presumptive 
diagnosis, of SOD, would be made based on the revised 
Milwaukee/Rome III criteria. If SOD II or III were 
then suspected, ERCP with SOM would be under-
taken. SOM would be performed first, and if it demon-
strates characteristic elevation of the basal (tonic) SO 
pressure (> 40 mm Hg), sphincterotomy would be 
undertaken.

The role of SOM in definitive diagnosis of SOD, or 
in the determination of indication for sphincterotomy, 
has been questioned in more recent trials, however; in 
such trials, SOM was not demonstrated to possess pre-
dictive value and sphincterotomy in SOD III subjects 
was not shown to be more effective than sham. Thus, 
the role of SOM in SOD is presently controversial, and 
in flux clinically.

Presumptive or empirical endoscopic treatment of 
SOD with noninvasive options can be effective and cost-
effective, and may expose the patient to lower risk than 
endoscopic or surgical therapy. Such an approach does 
not preclude the option of escalating therapy to ERCP 
with sphincterotomy, with or without manometry, if 
pharmacologic therapy does not lead to successful 
symptom management. SOD I is tantamount to mechan-
ical obstruction of bile flow and it therefore responds 
expectedly well to biliary sphincterotomy, but the 
durable response of SOD II or III to sphincterotomy has 
been historically lower, on the order of 70% and 50%, 
respectively, even if SOM is positive. Given that SOD II 
and SOD III are essentially pain syndromes without any 
additional sequelae, there is little to be lost in educating 
the patient and considering medical therapy first. Phar-
macologic agents used in SOD are those typically finding 
utility in other visceral hyperalgesia syndromes, such as 
tricyclic (antidepressant) agents (in low doses, usually 
once daily), antispasmodic anticholinergic agents such as 
hyoscyamine or dicyclomine, and selective serotonin 
reuptake inhibitors.

Endoscopic therapy consists of sphincterotomy  
of either the biliary or pancreatic sphincter alone or 
in combination. Studies have differed regarding the  
need to undertake sphincterotomy of both the sphinc-
ter choledochus and the sphincter pancreaticus to 
obtain successful treatment of biliary or pancreatic 
SOD. In cases where symptoms remain or recur  
after endoscopic sphincterotomy, some experts recom-
mend repeating endoscopic SOM to determine if any 
tonic or phasic activity is discernible, signifying resid-
ual sphincter function. If residual sphincter function 

is indeed demonstrated, surgical sphincteroplasty  
can be considered. In this procedure, typically  
undertaken through a duodenotomy, incision of the 
SO can be extended upstream from the point where 
the ampullary bile duct impression on the duodenal 
wall enters the retroperitoneum. As a result, the  
entire length of the sphincter is ablated, the defect 
above the duodenal reflection is sutured closed, and 
the edges of the surgical sphincterotomy are plicated 
over to reduce the likelihood of reannealing of the 
incision.

spHincter of oDDi 
Dysfunction, Geenen’s 
classification, anD spHincter 
of oDDi manometry (Continued)
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duodenum, and bile extravasation into extrabiliary loca-
tions in the setting of a bile leak or fistula. The hepa-
tobiliary iminodiacetic acid (HIDA) scan, and scans 
using related radioactive tracers, begin with the intra-
venous injection of the scintigraphic agent into a 
peripheral vein, wherein circulation to the liver leads to 
absorption by hepatocytes, which excrete the agent into 
the biliary system along with bile. In the setting of 
cystic duct obstruction (e.g., with a stone, the usual 
underlying cause of acute cholecystitis), the liver will 

noninvasive imaGinG of 
GallblaDDer anD bile Ducts

Most gallbladder stones are radiolucent and therefore 
are not detected by plain x-ray. As a result, a number of 
other imaging modalities are used to identify gallstones. 
Most imaging studies used to diagnose gallstones are 
noninvasive; in most cases, invasive modalities are 
reserved for treatment. Historically, radiopaque sub-
stances were introduced into the gallbladder and the 
bile duct by various means to enhance visualization of 
the biliary system. Today, transabdominal ultrasound is 
the primary, and most commonly performed, imaging 
study to visualize gallbladder anatomy. Ultrasound, in 
which images are acquired by exploiting variations in 
the reflective characteristics of sound waves between 
different tissues, is highly sensitive for detection of gall-
bladder stones and has excellent properties for assessing 
other anatomic evidence of gallbladder disease, such as 
wall thickening and fluid surrounding the gallbladder. 
It also visualizes the intrahepatic bile ducts and liver 
parenchyma well. However, because of air contained in 
intervening hollow viscera (duodenum, stomach, colon) 
and abdominal adipose tissue, transabdominal ultra-
sound is less sensitive in detecting bile duct stones and 
defining the anatomy of the extrahepatic bile duct. 
Magnetic resonance imaging (MRI) is a technology in 
which the patient is placed in a scanning apparatus that 
produces a strong oscillating magnetic field and radio-
frequency pulses, which induce hydrogen protons in the 
nearby organs to generate a signal. The signal is 
received and processed into image data that can be 
reconstructed by a computer into various cross-sectional 
configurations, and even into three-dimensional images 
that can be rotated on more than one axis. Intravenous 
contrast agents can enhance these images, or provide 
more specific visualization of chosen target organs, and 
even provide information on physiologic function. 
Because MRI is a cross-sectional imaging modality, it 
not only visualizes the organ of interest but also can 
demonstrate spatial and other anatomic relationships of 
the target organ with surrounding structures. MRI that 
is optimized to visualize the biliary system and pancre-
atic duct is the most sensitive noninvasive imaging tech-
nology for visualizing the biliary and pancreatic duct 
systems, and is substantially more sensitive and specific 
than transabdominal ultrasound in detecting stones and 
other pathology in the extrahepatic bile duct. Cross-
sectional imaging studies such as MRI and computed 
tomography (CT) also provide additional information 
by visualizing surrounding organs and their anatomic 
relationships. The MRI protocol specifically rendered 
to image the pancreaticobiliary ductal system in detail 
is called magnetic resonance cholangiopancreatography 
(MRCP). Such T2-weighted MRI sequences, which 
enhance visualization of still or slow-moving fluids such 
as bile, are routinely reconstructed to render the biliary 
tree in rotatable three-dimensional configurations. 
Enhanced imaging protocols combined with specialized 
contrast agents are used to enhance detection of biliary 
malignancies, such as cholangiocarcinoma, and bile 
duct leaks and fistulas.

Transabdominal ultrasound, CT, and MRI offer 
detailed anatomic imaging of the biliary system, but 
radioscintigraphy of the bile ducts (cholescintigraphy) 
is used to offer functional information by introducing 
a radioactive tracer to bile, thereby allowing for imaging 
of bile secretion from the liver into the bile duct, bile 
flow through the bile ducts and gallbladder into the 
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Ultrasound image of a gallstone. Note the bright echogenicity of the stone
and the lack of echoes beneath  the stone. The gallbladder is otherwise
anechoic because it is filled with fluid.
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Anterior view of a biliary 3D reconstruction with
T2 MRI that includes contrast in the pancreatic duct.

(Radiographs from Cochard LR, Goodhartz LA, Harmath C, et al. Netter's Introduction to Imaging, 
Philadelphia, Elsevier, 2011.)

excrete the HIDA into the bile, but the HIDA-laden 
bile cannot cross the cystic duct obstruction to enter 
the gallbladder. Thus, lack of visible radiotracer in the 
anatomic location of the gallbladder is a surrogate 
marker for cystic duct obstruction underlying acute 
cholecystitis. HIDA is also used in combination with 
administration of synthetic cholecystokinin analog to 
calculate the gallbladder ejection fraction to diagnose 
gallbladder dyskinesia in the CCK-HIDA scan, a gall-
bladder function test, as described in Plate 2-5.
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The proximity of the intrahepatic ducts to the abdomi-
nal wall and the accessibility of the biliary tree through 
the upper gastrointestinal tract render the biliary 
system highly amenable to a wide spectrum of mini-
mally invasive approaches to visualization, tissue  
acquisition, and disease treatment via the peroral and 
transcutaneous routes. Percutaneous access to the intra-
hepatic ducts or gallbladder undertaken by the inter-
ventional radiologist is referred to as percutaneous 
transhepatic cholangiography (PTC) and percutaneous 
cholecystostomy, respectively. The transoral route is 
used by the gastrointestinal endoscopist to reach the 
biliary tree and pancreatic duct via a combined endo-
scopic and fluoroscopic approach in ERCP. In endo-
scopic ultrasound (EUS), the endoscopist can obtain a 
high-resolution ultrasound image of the pancreatico-
biliary system via the peroral route using an endoscope 
with an ultrasound device incorporated into the tip of 
the instrument.

ENDOSCOPIC RETROGRADE 
CHOLANGIOPANCREATOGRAPHY

Originally conceived as a transoral means of perform-
ing a diagnostic imaging procedure, or contrast-infused 
cholangiogram, by McCune in 1968, ERCP quickly 
developed into a minimally invasive pancreaticobiliary 
treatment modality when Kawai and Classen intro-
duced endoscopic biliary sphincterotomy via ERCP in 
1974. In the ensuing four decades, ERCP’s role in pro-
ducing cholangiograms for diagnosis has been largely 
supplanted by noninvasive MRCP, and its robust thera-
peutic capabilities have become its primary use.

The side-viewing duodenoscope, a dedicated endo-
scope designed specifically for use in ERCP, and the 
fluoroscope, a real-time video x-ray imaging device, are 
the key instruments used by the endoscopist, simultane-
ously, to undertake this procedure. In ERCP, the patient 
lies in a semiprone position on the fluoroscopy table 
facing the endoscopist, and is either sedated or anesthe-
tized. The duodenoscope is inserted through the mouth 
into the esophagus, traverses the stomach and pylorus, 
and is advanced to the second portion of the duodenum. 
There, because the duodenoscope has a light and a lens 
directed toward the medial side wall of the duodenum, 
the papilla of Vater comes into view. A catheter, or 
cannula, typically with a syringe of radiopaque, water-
soluble contrast agent, as well as a preloaded guidewire, 
is placed through a working channel of the scope, and 
directed under endoscopic visualization toward the 
orifice of the papilla of Vater. In this fashion, the bile 
duct or pancreatic duct, or both, may be injected with 
contrast, or opacified, and visualized fluoroscopically. 
By deeply accessing either duct with the catheter and 
advancing the guidewire into the duct, the cannula  
may be exchanged off of the guidewire without losing 
primary access to the duct, and other catheter-based 
instruments may be exchanged over the guidewire  

into the duct to allow additional diagnostic or therapeu-
tic maneuvers. In this fashion, ERCP can provide  
diagnostic imaging of the bile ducts and pancreatic  
ducts through a complete cholangiogram or pancreato-
gram, and can also obtain duct cells for cytologic  
examination using a brush catheter, or duct tissue for 
biopsy using intraductal forceps. ERCP is a powerful 
therapeutic platform, particularly for the bile duct. A 
sphincterotome, a catheter incorporating a monopolar 

electrosurgical wire, can be used to incise the orifice of 
the papilla of Vater as well as the sphincter of Oddi; this 
will create a larger opening through which to access the 
bile duct or the pancreatic duct to remove stones or 
place prosthetic devices such as stents, which are metal 
or plastic tubes placed temporarily or permanently in 
the duct to provide drainage across strictures and other 
obstructions such as stones or tumors, aid in resolution 
of leaks and fistulas, and increase the durability 
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percutaneous biliary drain placement is to follow, a 
narrow guidewire is advanced through the needle into 
the intrahepatic duct, and often down the common duct 
and even through the ampulla into the duodenal lumen. 
The needle is exchanged off the guidewire for a dilation 
catheter, which is exchanged over the wire for the dila-
tion balloon, cytology brush, drain, or other device. In 
a similar percutaneous fashion, a percutaneous drain 

of dilation in balloon sphincteroplasty. By placing a 
miniature endoscope through the duodenoscope 
directly into the bile duct or pancreatic duct, endo-
scopic choledochoscopy and pancreatoscopy are per-
formed, respectively, providing the capability of 
visualizing the mucosa of these ducts directly in order 
to determine, say, malignancy or benignity of a duct 
lesion, or to better target biopsies therein. An ultra-
sound probe can also be inserted into the duct to 
provide a radial ultrasound view of the duct wall in 
intraductal ultrasound. Therefore, although the major 
indication for ERCP overall continues to be the extrac-
tion of bile duct stones, the usefulness of ERCP extends 
broadly across biliary disorders to include the diagnosis 
and treatment of gallstone-related diseases, stricture 
evaluation and management, and identification and 
treatment of leaks and fistulas.

Choledochoscopy, or, synonymously, cholangios-
copy, as described above, can be undertaken during 
cholecystectomy by the surgeon in an analogous 
fashion, using a similar flexible miniature endoscopic 
device inserted intraoperatively through the cystic duct 
in transcystic intraoperative cholangioscopy. Also, the 
endoscopist can dilate a percutaneous cholangiographic 
tract from an interventional radiologist’s percutane-
ously placed biliary drain, and, over a guidewire, insert 
a choledochoscope percutaneously into the biliary tree.

ENDOSCOPIC ULTRASOUND

In endoscopic ultrasound (EUS), the endoscopist uses 
an echoendoscope, a dedicated scope with a miniature 
ultrasound device incorporated into its tip, in order to 
obtain ultrasound visualization not only of the bile duct, 
gallbladder, and pancreatic duct, but also of the ana-
tomic structures surrounding these ducts; they include 
not only the pancreas and liver but the contents of the 
porta hepatis and surrounding hollow viscera, as well as 
the vascular and lymphatic structures incorporated 
therein.

PERCUTANEOUS TRANSHEPATIC 
CHOLANGIOGRAPHY

In percutaneous transhepatic cholangiography (PTC), 
the patient lies supine on a fluoroscopy table and seda-
tion is administered, along with topical anesthetic over 
the area of the right upper abdomen where biliary 
access is planned. The interventional radiologist inserts 
a long, thin needle, attached to a syringe of water-
soluble contrast, through the skin and directly through 
the liver, injecting small amounts of contrast while 
advancing and withdrawing the needle through the area 
of the liver where the target bile duct is expected to lie. 
When the needle strikes the desired intrahepatic duct 
and contrast begins to opacify the duct under fluoro-
scopic view, a cholangiogram is obtained. If therapy, 
such as stricture dilation, brushing for cytology, or 
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can be placed into the gallbladder, typically under  
ultrasound guidance, to allow decompression of an 
obstructed gallbladder in the setting of acute cholecys-
titis. This allows for a temporizing measure, permitting 
the patient to recover from the acute infection or septic 
condition and undergo an elective cholecystectomy 
under more controlled circumstances with less risk and 
a potentially better overall clinical outcome.
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Congenital anomalies of the gallbladder are fairly 
common. Most of them have little clinical significance 
and are encountered as incidental findings on radiologic 
imaging studies, on surgical exploration, or at autopsy. 
Some anomalies, however, can cause stasis in the biliary 
system, which, in turn, may facilitate gallstone forma-
tion. Discrepancies in the development of the gallblad-
der in relation to the liver bed, to which it is attached, 
can result in folding of the gallbladder fundus, a phe-
nomenon described as the Phrygian cap. The serosa 
may cover the indentation or be incorporated into it. 
In the former case, the Phrygian cap is subperitoneal and 
inconspicuous on exploration; in the latter, it is “com-
plete.” Even the complete form does not, as a rule, cause 
clinical symptoms. Complete duplication of the gallblad-
der, with or without two independent cystic ducts, is 
merely an anatomic curiosity. Functionally more 
important are internal subdivisions of the gallbladder, 
which may take the shape of septa or trabeculae travers-
ing the lumen. They produce diverticula or pockets in 
which biliary material may stagnate, favoring develop-
ment of gallstones. The gallbladder may be bilobular or 
of an hourglass shape, or may embody congenital diver-
ticula, which cannot always be differentiated from pseu-
dodiverticula resulting from inflammatory processes;  
all diverticula predispose to gallbladder perforation, 
however. The gallbladder may be located on the left 
side, in the middle, or in a transverse position. In some 
instances the gallbladder is entirely surrounded by 
serosa and connected with the liver by a mesentery. 
This “floating” gallbladder predisposes not only to 
kinking of the cystic duct but also to twists of its mes-
entery and to hemorrhagic infarction of the gallbladder. 
In other instances the gallbladder is entirely surrounded 
by hepatic tissue; this intrahepatic gallbladder, though 
emptying poorly, has little clinical significance. The 
gallbladder may be hypoplastic or, in some rare 
instances, may be entirely missing, as is normal in some 
animals, such as the rat or the horse.

These abnormalities of the gallbladder are frequently 
associated with abnormalities of the bile duct system 
that are of greater clinical significance. Congenital 
hypoplasia, valve formation, or angulation of the 
common bile duct may be the cause of a protracted 
partial obstruction, which leads to dilatation of a part 
of or the whole ductus choledochus, and subsequently to 
a partially retroperitoneal cyst. The lesion may be 
responsible for intermittent jaundice associated with 
colicky pain and may sometimes be palpated as a sub-
hepatic tumor, displacing the stomach to the left and 
the duodenum downward.

More frequent is atresia or hypoplasia of the bile ducts, 
and particularly of the extrahepatic bile ducts, which 
results in congenital biliary obstruction if located in the 
common or hepatic duct. The atretic portion is usually 

represented by a fine strand that may be hardly recog-
nizable on either autopsy or operation. If the obstruc-
tion is located only in the cystic duct, congenital 
hydrops of the gallbladder develops. In contrast, hypo-
plasia or atresia of the common and hepatic ducts pro-
duces dilatation of the intrahepatic ductal system and 
hydrohepatosis with subsequent biliary cirrhosis, mani-
festations that develop more slowly than in complete 
obstruction in the adult. Surgical correction to allow 
drainage of bile is necessary, typically in the form of a 

Kasai procedure, or hepatoportoenterostomy, in which 
the patent intrahepatic bile ducts are anastomosed to a 
limb of jejunum. More severe forms of biliary atresia 
affecting the intrahepatic bile ducts may require liver 
transplantation. Congenital biliary atresia also occurs in 
genetic syndromes wherein other organ systems may 
also be affected. An example is Alagille syndrome, a rare 
autosomal dominant genetic disorder in which cardiac, 
renal, central nervous system, and integumentary dis-
orders may also be present.
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tion can result in altered constitution of bile. In contrast 
to normal mucosa, inflamed gallbladder mucosa permits 
absorption of bile acids, with a subsequent reduction of 
cholesterol solubility. Moreover, from the inflamed 
mucosa, especially if ulcerated, calcium salts diffuse into 
the bile in excessive amounts to add calcium bilirubi-
nate to the developing cholesterol stone. In addition, 
protein oozes from the surface to provide a nucleus for 
stone formation. The mixed stones that develop in the 
setting of inflammation are rich in calcium and harder 

cHolelitHiasis:  
stone formation

Of the three specific constituents of the bile, bile acids, 
bile pigment, and cholesterol, the second is poorly 
soluble and the last is almost insoluble in water. These 
substances are kept in aqueous solution with the aid of 
emulsifying bile acids and fatty acids. Consequently, 
bile is supersaturated with these compounds. In such a 
labile solution, precipitation occurs readily. However, 
the physicochemical processes in gallstone formation 
are not well understood, although the causes of chole-
lithiasis are better established. One is an increased con-
centration of one of the crucial substances in the bile. 
Although the constitution of bile does not necessarily 
reflect that of the blood serum, elevation of either 
serum cholesterol or bilirubin may result in their 
increase in the bile as well, with their subsequent pre-
cipitation giving rise to stone formation. Hypercholes-
terolemia is a metabolic phenomenon occurring in obese 
patients, pregnant patients, and those with diabetes, hypo-
thyroidism, or chronic kidney disease. The first three 
conditions appear frequently in the histories of patients 
with gallstones. Cholesterol stones are firm and yellow-
gray, and have a granular surface; on the cut surface, 
glistening cholesterol crystals produce a radiating 
pattern. Even if these stones become large, they are 
radiolucent. But the incidence of pure cholesterol 
stones is relatively low, and in most cases some bilirubin 
or calcium-bilirubin is admixed. Only in the hemolytic 
or overproduction type of jaundice does hyperchromic 
bile exist, reflecting the hyperbilirubinemia. The pro-
longed hemolytic anemias, sickle cell anemia, and thal-
assemia are associated with bilirubin stones in the 
gallbladder, which are brown, small, and irregularly 
shaped. Pure bilirubin stones are soft and are found 
mostly in the bile ducts as irregular masses or as casts 
of the ducts. Calcium salts, precipitated in the gallblad-
der, usually contribute to the composition of these 
stones and make them radiopaque.

Biliary stasis, resulting from abnormal gallbladder 
emptying by a stone in the cystic duct or by some mal-
formations of the gallbladder (see page 115), or by other 
sources of outlet obstruction of the gallbladder or bile 
duct, is another potential underlying cause of stone 
formation. Stagnation of bile in the gallbladder causes 
excessive absorption of water and of easily soluble salts, 
leading to high concentrations of cholesterol and bile 
pigment, and their increased precipitation. Precipita-
tion under these circumstances leads to mixed stones, the 
most common type. They are of variable size, faceted 
if multiple, brown, and especially dark on their edges. 
On the cut surface, as a rule, a dark center is noted, 
surrounded by a glistening, radiating layer, which is 
frequently followed by a harder, more homogeneous 
shell. Sufficient calcium is generally contained in these 
bilirubin-cholesterol stones to make them opaque on 
x-ray examination. Sometimes the stones are small 
enough to appear as gravel or sludge.

The third important cause of stone formation is 
inflammation of the gallbladder or bile ducts, sometimes 
caused by bacterial infection (see page 121). Inflamma-
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than other stones; they appear whiter and are distinctly 
radiopaque.

Pure cholesterol or bilirubin stones are rare. The vast 
majority of stones are mixed, the mixture reflecting  
the simultaneous or consecutive presence of several of 
the factors listed. Stones, originally pure, soon receive 
admixtures of other constituents. For this reason the cut 
surface of most stones demonstrates a variegated picture, 
reflecting different layers of precipitation. Gallstones 
may form very rapidly, in as short a time as a few weeks.
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cHolelitHiasis:  
clinical aspects

The prevalence of cholelithiasis is 10% to 25% at 
autopsy, and the incidence increases with age. Stones 
also occur in children, although less frequently. 
Although the clinical consequences and complications 
of cholelithiasis are the same regardless of gender, gall-
stones are far more frequent in women, largely because 
pregnancy predisposes to hypercholesterolemia and 
disturbances in emptying of the gallbladder. The 
enlarging uterus may be another contributive factor. 
The incidence of gallstones is highest in native North 
and South American populations, followed, in descend-
ing order, by white, Asian, African American, and sub-
Saharan African populations. In addition to female 
gender, pregnancy, and ethnicity, obesity and rapid 
weight loss are risk factors for gallstone disease, as are 
diabetes, hyperlipidemia, the metabolic syndrome, 
primary liver disease, inflammatory bowel disease, and 
chronic cholangitis. Diet, as well as the administration 
of total parenteral nutrition, is also a risk factor. The 
majority of stones are found in the gallbladder itself, 
but calculi are also detected in, and may form within, 
the extrahepatic and intrahepatic bile ducts and even in 
abscess cavities within the liver. Many stones in the 
gallbladder fail to elicit clinical manifestations and are 
asymptomatic or “silent”; ductal stones, on the other 
hand, cause obstructive jaundice in at least 65% of 
cases, and are associated with a high risk for inducing 
infection (cholangitis) or pancreatitis, presumably 
owing to their compromising effects on pancreatic duct 
outflow at the common outlet of the bile duct and the 
pancreatic duct, the ampulla of Vater. Ductal concre-
tions are muddy material or gravel or calculi, which may 
form directly in the ducts (e.g., after cholecystectomy). 
In general, choledocholithiasis results from movement 
of stones from the gallbladder into the duct (see  
page 118). Primary bile duct stones may also form de 
novo within the bile ducts, even after cholecystectomy, 
particularly in chronic inflammatory disorders of the 
bile ducts, such as primary sclerosing cholangitis. 
Endoscopic ablation of the sphincter of Oddi (sphinc-
terotomy), often undertaken to enable removal of 
stones of gallbladder origin that are obstructing the bile 
duct, can also predispose to the formation of primary 
bile duct stones owing to chronic refluxation of duode-
nal contents, including food and intestinal bacteria, into 
the bile ducts.

The consequences of gallstone formation depend 
upon the location and configuration of the stones. The 
main complications that transform asymptomatic cho-
lelithiasis into symptomatic cholelithiasis are inflamma-
tion, obstruction, and spasm. Large stones can produce 
a mechanical pressure effect upon the underlying 
mucosa, which may develop into a decubital ulcer and 
become inflamed. Eventually, large mixed stones may 
lead to chronic cholecystitis and a contracted gallbladder 
(see pages 118 and 122), with fibrous thickening of its 
wall. If the chronically inflamed calculous gallbladder is 
adherent to a neighboring portion of the intestine, an 
internal biliary fistula may develop. Through it a large 
stone can escape directly into, and partially or com-
pletely obstruct, the intestine (see page 124), and may 
produce gallstone ileus. Occasionally, stones may 
obstruct the cystic duct (see pages 116 and 119) by being 

Plate 2-14 

Single large
stone or
“barrel stones”

Decubital ulcer
and inflammation

Contracted,
thickened
gallbladder

Fistula

Large stone
obstructing cystic 
duct; distended 
gallbladder (hydrops)

Multiple, faceted 
small stones

Common
duct stone

Spasm Relief of
spasm

Intrahepatic

Common hepatic duct

Common bile duct

AmpullaSites of gallstones

Biliary colic

Types of gallstones

Gallbladder

Cystic duct

located in the neck of the gallbladder. Large stones may 
tend to cause gallbladder obstruction and cholecystitis, 
but translocation of smaller stones from the gallbladder 
into the bile duct may produce biliary obstruction. 
Small stones may pass from the gallbladder through the 
cystic duct and into the common bile duct, where they 
may cause biliary obstruction and, if the obstruction 
becomes complete, jaundice (see page 120). Fortu-
nately, in many cases the stone may be expelled spon-
taneously into the duodenum. Nevertheless, because 
the chances that another stone may reach, and recur-
rently obstruct, the extrahepatic bile ducts from the 
gallbladder are high, once calculous obstruction has 
produced jaundice, or bile duct stones have simply been 
identified in the bile ducts on imaging studies, surgical 

intervention (usually in the form of cholecystectomy) is 
indicated to prevent recurrent symptoms or illness.

The colicky pain characteristic of an episode of 
symptomatic cholelithiasis or choledocholithiasis may 
be the result of a spasm of the gallbladder or the sphincter 
of Oddi against outflow obstruction, usually due to gall-
stone impaction in the cystic duct, bile duct, or ampulla 
of Vater. The extremely painful attack with the well-
known “doubling up” of the patient subsides if the 
spasm is relieved spontaneously or as a result of therapy. 
However, this does not necessarily indicate subsidence 
of the mucosal inflammation or relief of the obstruc-
tion. Temporarily asymptomatic but retained stones 
may thus be responsible for a variety of significant or 
even dangerous pathologic conditions.
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Internal biliary fistulae may result from decubital 
ulcers, leading most frequently into the duodenum 
(sometimes from the distal portion of the common 
duct into the stomach and, exceptionally, into the 
colon). The cholangitis may heal with a stricture. In 
some instances a single stone is impacted in the termi-
nal portion of the common duct, where the tapering 
off of the duct prevents its expulsion into the duode-
num. These ampullary stones sometimes bulge forward 
at the papilla of Vater. They almost always produce 

cHolelitHiasis:  
patHoloGic features, 
cHoleDocHolitHiasis

The pathologic manifestations of cholelithiasis vary 
greatly. One or two small stones may exist in an other-
wise normal gallbladder, or the entire lumen may be 
filled with numerous small, faceted stones up to 1 cm in 
diameter, with little bile between them. Together with 
the small stones, one large, frequently barrel-shaped, 
stone may be noted, and in other cases, only one solitary 
stone between 1 and 5 cm in diameter is found. In the 
presence of a large stone, the color and consistency of 
the bile are usually altered. The accompanying inflam-
mation and cystic duct obstruction lead to admixture of 
mucus and reduction of the bile pigment content. Cho-
lelithiasis may or may not be associated with reactive 
changes of the gallbladder, such as enlargement, recog-
nized by palpation, or inflammatory changes of the 
wall, reflected in tenderness. As a result of accumulation 
of stones within the lumen, and especially if the cystic 
duct becomes obstructed (see pages 119-122), the gall-
bladder may enlarge moderately, and sometimes tre-
mendously. Enlargement and inflammation stimulate 
fibrous adhesions with surrounding structures (duode-
num, hepatic flexure of the colon, and omentum). The 
inflammation, if chronic, may vary from a slight fibrous 
thickening of all layers of the wall to a diffuse scarring 
with destruction of the epithelial lining and transforma-
tion of the wall into thick, white scar tissue contracting 
the lumen. Although acute and chronic cholecystitis can 
cause stone formation (see page 116), the stones may 
also produce acute cholecystitis, varying from a diffuse 
inflammatory reaction of the mucosa to circumscribed 
decubital ulcers, or empyema, gangrene, perforation, 
pericholecystic abscesses, and internal and external 
biliary fistulae.

Gallstones in the bile ducts lead regularly to clinical and 
pathologic consequences and thus have a worse prog-
nosis than gallbladder stones. Calculous obstruction of 
the cystic duct results in elimination of the function of 
the gallbladder (for storage or activities regulating con-
centration and pressure) and produces hydrops or 
empyema (see page 119). Stones in the common bile 
duct (choledocholithiasis) are more often solitary than 
multiple. Stones, having passed through the cystic duct 
into the common bile duct, may enlarge in the latter 
and cause acute or chronic inflammation of its wall, 
with fibrosis, scarring, and decubital ulcers, though in 
the presence of stones, the choledochal wall is less fre-
quently involved than is the gallbladder wall. As a result 
of the cholangitis, the bile may be discolored and some-
times purulent or, in other instances, may become 
mucous and white, and may lack bilirubin. With an 
ascending infection, bacterial hepatitis and cholangitic 
abscesses (see page 125) or, after a long period of cho-
lestasis, a secondary sclerosing cholangitis or biliary 
cirrhosis, may develop. As a rule, the duct is cylindri-
cally dilated, depending upon the degree and duration 
of the obstruction. The wall is thickened above the 
obstruction and only rarely thinner than normal. 
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jaundice. A pancreatic disease occasionally develops, 
either because of reflux from bile into the pancreas or 
because of the pancreatic obstruction produced by the 
ampullary stone, due to the anatomic union of biliary 
and pancreatic outflow at the ampulla. Stones in the 
hepatic ducts outside or within the liver are less frequent, 
usually result from chronic cholangitis, and, as a rule, 
are associated with biliary calculi elsewhere. They also 
predispose to inflammation and ascending bacterial 
infection as well as to jaundice.
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adhesions with surrounding organs, particularly the colon. 
The omentum often covers the bladder and must be 
removed to make the organ visible and accessible surgi-
cally. The mucosal surface is dark red and, where ulcer-
ated, is covered by fibrinopurulent or hemorrhagic 
exudate. The lumen contains brown-to-yellow creamy 
pus. Diagnostic aids for this condition are diffuse, 
colicky pain and an extremely tender, sometimes ballot-
ing, mass palpable through a rigid abdominal wall. 
Fever and leukocytosis, however, are not necessarily 

HyDrops anD empyema  
of GallblaDDer

A gallstone obstructing the cystic duct usually elicits biliary 
colic, owing to persistent impaction of the stone either 
in the cystic duct or in the neck of the gallbladder. This 
pain may ultimately subside, particularly if the obstruc-
tion is partial or intermittent. If the resulting obstruc-
tion remains complete for prolonged periods, however, 
the gallbladder may gradually enlarge, and its wall may 
stretch and become thin. In earlier stages, the lining 
epithelium secretes an increased amount of mucus. If the 
obstruction persists, the lining epithelium atrophies and 
flattens, the folds disappear, and the wall becomes trans-
formed as fibrous scar tissue develops within it. Muscle 
bundles gradually disappear as the distinction between 
the layers of the gallbladder wall become obliterated. 
Eventually, a very large (up to 20 cm long), fibrous sac 
results, and calcium may be deposited within the wall. 
As a result of gallbladder obstruction in the absence of 
infection, bile pigment and bile acids are gradually 
reabsorbed. Because new bile cannot enter and the 
mucous secretions cannot exit the gallbladder, the 
enlarged organ becomes filled with a white and mucous 
fluid; this prompted the designation of gallbladder 
hydrops or mucocele. Moreover, calcium salts are 
released into the lumen and produce either a fine pre-
cipitation (milk of calcium bile) or calcium stones. The 
calcium salts may also form a shell around the stone 
impacted at the orifice of the cystic duct, thereby 
enlarging it. If the stone exerts a ball-valve effect, the 
gallbladder empties temporarily and refills gradually. 
Clinically, the enlarged gallbladder may become readily 
palpable. If the mass is large enough, it may be confused 
with mesenteric, pancreatic, and, in rare instances, 
ovarian cysts. Colicky pain or some abdominal discom-
fort is occasionally present, primarily because the elimi-
nation of the gallbladder function interferes with the 
regulation of the biliary pressure. For the diagnosis of 
gallbladder hydrops alone, the general rule is that the 
mass is not tender and that jaundice and leukocytosis 
are absent.

The anatomic and clinical pictures radically change 
if prolonged cystic duct obstruction is complicated by 
bacterial infection. Whether the cystic duct is occluded 
by a stone or, more frequently, by scarring and some-
times also by acute inflammatory edema, bacteria may 
invade the gallbladder, and its content then becomes 
purulent. In the development of such empyema, bacteria 
more frequently reach the gallbladder by the hematog-
enous route than the ascending route. The changes 
depend upon the balance between obstruction and bac-
terial infection, as well as on the time at which the 
obstructed gallbladder is infected. If the infection is 
strongly virulent and occurs relatively early, the gall-
bladder is small and contracted and its wall is very thick. 
If the infection is mild or eventually occurs after pro-
longed obstruction in the presence of a fully developed 
hydrops, the wall of the large gallbladder becomes  
relatively thin, despite the edema in its layers. Under 
these circumstances, the surface is very hyperemic and 
may be covered by fibrinous exudate, which produces 
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present. Empyema of the gallbladder is sometimes  
associated with choledocholithiasis or carcinomatous 
obstruction of the ducts, and then deep jaundice is the 
rule. Even without involvement of the common or 
hepatic duct, some icterus may be present because of 
toxic liver damage.

In the absence of infection and without accumulation 
of purulent cells, empyema of the gallbladder may be 
simulated by the accumulation of emulsified, small cho-
lesterol droplets in the mucus-containing bile.



 Liver: PART III

120 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

it is possible that chronic cholecystitis predisposes to 
both stone formation and carcinoma, it may also be 
possible that the chronic irritation associated with the 
presence of cancer may lead to stone formation. On the 
other hand, cases exist in which gallstones were visual-
ized radiologically years before carcinoma of the gall-
bladder developed, and the calculi may act as a chronic 
irritant that may stimulate carcinoma development.

It appears, thus, that any one of the three major 
disorders of the gallbladder—cholelithiasis, cholecysti-
tis, and muscular spasm (dyskinesia)—may stimulate the 
development of the other two disorders. All three of 

interrelation of 
GallblaDDer Diseases

Cholecystitis is associated with cholelithiasis in about 
90% of cases. Stones may promote inflammation 
through abrasion and pressure on the gallbladder 
mucosa. Although the latter mechanism operates 
mainly in the presence of a large stone and a contracted 
gallbladder, resulting in decubital ulcers, obstruction of 
cystic duct flow and inflammation of the gallbladder 
wall may also diminish blood flow to the gallbladder 
wall and contribute to ischemia. In many cases, stones 
are the consequence, rather than the cause, of cholecys-
titis, and in these, the cause of the latter remains con-
troversial. Formerly, it was assumed that bacteria from 
the intestine pass from the portal blood circulation into 
the bile and settle in the gallbladder during stagnation 
and concentration of bile. This concept is valid for 
bacterial infections through the systemic arterial route. 
Though rarely encountered today, Salmonella infec-
tions, including typhoid fever, predispose to cholecys-
titis, and carriers are known to have bacteria lodged in 
the gallbladder and to excrete them with the feces. A 
major epidemiologic issue in the past, the public hazard 
created by these carriers, was eliminated by cholecys-
tectomy. However, bacteria are only one factor in the 
multifactorial disorder that cholecystitis represents. 
Bacterial invasion of the portal vein blood from the 
intestine is very rare, and cultures of surgical specimens 
of chronic and even severe, acute acalculous cholecys-
titis have proved to be sterile. Because pancreatic 
enzymes have been demonstrated in the bile, the digest-
ing effect of pancreatic juice upon the gallbladder was 
also considered to be a potential cause of nonbacterial 
cholecystitis. However, acalculous cholecystitis has 
been found when the anatomic conditions for reflux of 
pancreatic juice into the gallbladder do not exist. 
Therefore, the irritating effect of normal or abnormal 
biliary constituents absorbed by the gallbladder mucosa 
may play a greater role in the causation of cholecystitis. 
Lipids, especially cholesterol, have been found within the 
wall as a result of abnormal absorption. Cholesterol 
itself, when deposited, may be irritating and, more so, 
when joined by other bile constituents, especially bile 
acids. This theory is consistent with the histologic 
appearance in acute or chronic cholecystitis, which, as 
a rule, is rather that of a foreign-body granulation tissue 
with foam cells around lipids than that of a pyogenic 
reaction. Bile stasis, brought on either by sphincter of 
Oddi spasm or calculous obstruction, may sustain all 
three essential pathogenic principles (chemical factors, 
bacterial invasion, and pancreatic digestion) of chole-
cystitis. Another cause of cholecystitis may be dimin-
ished circulation, resulting in tissue ischemia and 
necrosis (gangrene) (see page 122). Even if bacteria  
are not the eliciting cause of cholecystitis, they readily 
complicate inflammation or even tumor growth insti-
gated by other causes. This explains why usually,  
especially in chronic cholecystitis, histologic and bacte-
riologic evidence of infection, especially with Escherichia 
coli and streptococci, is found.

Cholecystitis, from whatever cause, may in turn not 
only induce stone formation but may also lead to 
sphincter of Oddi spasm, with the resulting colicky 
pain. It also may represent the link between cholelithia-
sis and carcinoma of the gallbladder. Clinical and 
pathologic observations have indicated that gallstones 
are found in at least 65% and up to 85% of cases with 
carcinoma of the gallbladder. A causative relationship 
between these two disorders is not established. Although 
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these disorders constitute a closely associated clinical 
and pathologic complex, which, fortunately, rarely 
results in carcinoma of the gallbladder. Much more 
commonly encountered is acute calculous cholecystitis, 
in which chronic cholecystitis with gallstone formation 
leads to obstruction of the gallbladder with stone 
obstruction of the cystic duct, resulting in a secondary, 
postobstructive infection of the gallbladder. In acute 
acalculous cholecystitis, however, diminished blood 
flow to the gallbladder may result in an ischemically 
induced acute cholecystitis in the absence of cystic duct 
obstruction.
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A mild structural alteration of the gallbladder, though 
considered by some an inflammation or at least a pre-
cursor of inflammation, is cholesterolosis, or cholesterosis. 
From the reddish-green mucosa many irregularly 
shaped yellow specks protrude, reminiscent of straw-
berry seeds, a finding that prompted the name straw-
berry bladder. The specks consist of cholesterol dissolved 
in fat within histiocytes, which give a bright red color 
on Sudan staining. These histiocytes accumulate in 
groups within the mucosal folds of the gallbladder, 
which lose their regularity and normal shape. Such 
lipid-laden folds may become the nucleus for a choles-
terol stone, or a great number of foam cells may extend 
through the entire mucosa beyond the folds and 
produce broad yellow plaques. The lesion is considered 
an expression of unexplained abnormal cholesterol 
absorption rather than of excretion of cholesterol 
through the mucosa. Hypercholesterolemia, according 
to experimental evidence, contributes to the develop-
ment of cholesterolosis. It has also been claimed that 
inflammation precedes the lipid deposition, but it seems 
more probable that the abnormal presence of lipids in 
the wall is rather the stimulus for inflammation. Cho-
lesterolosis, which occurs far more frequently in women 
than in men, is assumed by some to be associated with 
clinical manifestations similar to those of chronic cho-
lecystitis. Others feel that cholesterolosis does not cause 
specific complaints and that those present result from 
cholelithiasis or other associated diseases.

In acute cholecystitis, the gallbladder is, as a rule, mark-
edly enlarged and resembles a distended sac, especially 
when the cystic duct is obstructed either by a stone, or, 
less frequently, by simple swelling of the mucosal dupli-
cations (spiral fold or valve of Heister). The gallbladder 
wall is diffusely thickened and edematous. The mucosa 
is dark red and irregularly covered by gray-white 
patches that are frequently confluent. Small or larger 
ulcerations are covered with fibrinous, partly hemor-
rhagic, sometimes coalescing exudate. The serosa is also 
heavily congested, and its redness is interrupted by 
patches of fibrinous exudate. Edema, as observed 
microscopically, separates muscle and collagen fibers 
and broadens the folds. The epithelium in some places 
is desquamated, yet in other places, it is intact. A sprin-
kling of neutrophilic leukocytes aggregates more in the 
outer layers, and a diffuse, phlegmonous infiltration, 
with segmented leukocytes similar to those of acute 
appendicitis, is rarely seen. In acute and, more so, in 
subacute stages, little granulomas can be found around 
the larger vessels in the muscular and fibrous layers. 
They consist of a variety of cells (segmented leukocytes 
or histiocytes or foam cells and lymphocytes and, occa-
sionally, eosinophils). Proliferation of capillaries and 
fibroblasts is more frequent in the subacute stage. All 
of this suggests an inflammatory reaction to an irritat-
ing chemical rather than to bacteria.

Acute abdominal symptoms, rebound tenderness in 
the upper right quadrant, and pain, sometimes persis-
tent and sometimes predominant during the night and 
morning, are, with fever and leukocytosis, the most 
important clinical features.

Chronic cholecystitis, with or without stones, exhibits a 
variety of structural changes. The gallbladder may be 
distended or shrunken; its wall, usually diffusely thick-
ened, appears fibrous on the cut surface, with its layers 
no longer differentiated. The mucosa may appear 

normally green, or it may be red, owing to ulcerations. 
Gray-white scars may crisscross the inner lining and 
may result anywhere, in neck or fundus, as thick plaques 
between which the intact mucosa with an exaggerated 
fold structure may bulge forward. The serosa is irregu-
larly thickened and usually gray-white, frequently 
revealing fibrous adhesions with surrounding organs. 
Microscopically, the muscle bundles are more than nor-
mally separated from each other by connective tissue, 
which, in addition to scarring, is markedly infiltrated by 

cellular elements to the point of granuloma formation. 
Outpouchings of the epithelium extend through the 
muscular layer, sometimes into the adventitia or fibrous 
layer. These pseudodiverticula (Rokitansky-Aschoff 
sinuses), to be differentiated from other glandular 
structures in the adventitial layer, presumably develop 
as a result of increased intraluminal pressure and 
destruction of the mucosa. Bacteria or other irritants 
trapped in them may maintain the chronicity of the 
inflammation.
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cHolecystitis: later staGes 
anD complications

The anatomic appearance and the sequelae of cholecys-
titis vary as much as its clinical aspect and course, 
according to and depending upon the frequent combi-
nations of acute, subacute, and recrudescent lesions. 
Chronic cholecystitis is sometimes reflected only in 
vague abdominal discomfort and slight tenderness in 
the gallbladder region (right upper quadrant), but may, 
at any time, flare up with more severe symptoms of 
colicky pain and manifestations of an acute abdominal 
condition. The clinical signs also vary in the presence 
of stones, which produce obstruction as well as pressure 
effects with erosion (see pages 117-118). Sometimes the 
stones aggregate in the fundus and are separated by a 
diaphragm consisting of fibrous tissue from the neck of 
the gallbladder. Such an hourglass gallbladder frequently 
represents a malformation (see page 115) complicated 
by cholelithiasis and inflammation, but it is entirely 
possible that this lesion may be acquired. In chronic 
cholecystitis, the entire wall of the gallbladder is often 
transformed into fibrous scar tissue, which, in smaller 
or larger areas, may be calcified. Such plaques are dis-
tinctly visible from the outside of the gallbladder as well 
as after opening of the organ. The whitish, glistening, 
calcified portion contrasts with the remaining dark-
brown tissue and has prompted the name “porcelain” 
gallbladder. A calcified gallbladder is usually functionless 
(does not contract) and causes surprisingly few clinical 
symptoms, but it may be palpated as a firm mass or can 
be detected on x-ray examination.

In gangrene of the gallbladder, the edematous and 
friable wall becomes brown-red. The mucosa is irregu-
larly ulcerated and otherwise dark red and green. The 
gangrene may involve the entire, usually dilated, gall-
bladder, or only part of it. In some instances gangrene 
can be explained by interference with the blood supply 
and/or drainage. Stones are commonly found and give 
rise to cystic duct obstruction; pressure of the calculus 
upon the cystic vessels is also a proposed cause. In other 
instances, edema of the gallbladder wall is thought to 
compromise the blood supply, and, in exceptional cases, 
torsion of the gallbladder has been found as a result of 
an abnormal peritoneal attachment to the liver. Not 
infrequently, however, no anatomic basis for the vascu-
lar obstruction can be demonstrated. Bacterial infec-
tion, of course, many times complicates gangrene and 
may facilitate perforation. A special but rare variety is 
primary gas bacillus infection of the gallbladder leading 
to a rapidly spreading phlegmonous inflammation  
and disintegration of the wall. Gangrene is seen more 
frequently in the older age group, where it may become 
especially treacherous if such alarm signals as fever  
and leukocytosis fail to appear. Pain in the upper right 
quadrant with signs of peritonitis (i.e., rebound tender-
ness and muscular rigidity of the abdominal wall) are 
usually present, but progression of the gangrene can be 
associated with subsidence of pain and reduction of 
tenderness.

Occlusion of arteries in the gallbladder wall occurs 
in periarteritis nodosa, which has a predilection for 
occurring in the gallbladder. Segmental fibrinoid 

Plate 2-19 

Calcification
(”porcelain” gallblader)

Gangrene

Periarteritis nodosa

Chronic
cholecystitis
with stones,
hourglass
gallbladder

Hyperplastic
mucosa

degeneration with leukocytic infiltration occurs, and 
intimal proliferation and thrombi may occlude and 
obstruct the arterial lumen. The accumulation of 
inflammatory cells in the adventitia produce a nodular 
appearance of the vessel and occasional aneurysms. Cir-
cumscribed ischemic necrosis of the mucosa results 
from this type of vascular occlusion.

Hyperplasia of the mucosa is a unique form of possible 
inflammatory gallbladder disease in which visualization 
of the organ on plain x-ray of the abdomen is improved. 

In this condition, the normal velvety appearance is 
exaggerated by a greater thickness of the mucosa 
thrown into coarse folds. Though the inflammatory 
character of this hyperplasia is not definitely estab-
lished, the lesion should be differentiated from the 
so-called glandular proliferating cholecystitis, in which 
marked downgrowth, or mucosal outpouching, of the 
surface epithelium into the muscularis in the form of 
Rokitansky-Aschoff sinuses, or pseudodiverticula (see 
page 121), simulates a proliferation of glands.
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A gross perforation of the gallbladder resulting in general-
ized peritonitis occurs in probably less than 1% of 
patients with acute cholecystitis, because the omentum 
and serosa of the surrounding viscera seal the gallblad-
der securely in the early phases, so that a perforation 
through a gangrenous wall, as happens in about 15% of 
cholecystitis cases, remains a localized process. Such an 
event is far less dramatic than with perforation of a 
peptic ulcer, and these patients often have no prior 
history of gallbladder disease. Patients with a general-
ized peritonitis, developing slowly over a period of 
hours to days, require immediate operation, at which a 
zone of greenish discoloration in the region of the gall-
bladder can be seen. In the vast majority of cases, a 
calculus will be discovered in the neck of the markedly 
edematous gallbladder. Acute cholecystitis can also 
occur without cystic duct obstruction. In acalculous 
cholecystitis, severe systemic illness can result in a low–
blood flow state, inducing gallbladder ischemia. In 
combination with other potential factors, such as bile 
stasis, effects of medication, and nutritional factors, 
such gallbladder ischemia may progress to wall necrosis 
and perforation. If calculous acute cholecystitis does 
not self-resolve (by spontaneous passage of the stone 
retrograde into the gallbladder or antegrade into the 
common bile duct with, or without, antibiotic therapy), 
percutaneous or endoscopic drainage of the gallbladder 

or surgical excision of the gallbladder by means of cho-
lecystectomy will become necessary, particularly when 
and if signs of generalized peritonitis become evident. 
Acalculous cholecystitis may also require drainage or 
surgical excision if spontaneous resolution does not 
occur as a result of improvement of the underlying 
illness.

A pericholecystic abscess or a generalized peritonitis 
following gallbladder perforation is a more frequent 

sequela of a biliary disease than is the formation of 
subphrenic abscesses. These, too, may be initiated by a 
frank perforation but, more often, they are the result of 
a slow leakage through the pseudodiverticula or sinuses 
of Rokitansky-Aschoff (see page 121). This mode of 
escape of gallbladder content can culminate in an 
abscess of any one of the six subphrenic compartments, 
which owe their separation to the anatomic position of 
the various hepatic ligaments.
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verified because of a not-infrequent association with a 
common duct stone that failed to produce jaundice only 
because the bile had a free outflow through the fistula. 
Internal biliary fistulae, most commonly between the 
bile duct and jejunum, may be occasionally created by 
surgeons to overcome a bile flow obstruction caused by 
strictures or neoplasms. The Roux-en-Y principle is a 
refinement of such an operation.

Spontaneous external biliary fistulae result when the 
obstructed and inflamed gallbladder becomes attached 

bile Duct fistulae

Although the incidence of bile duct fistulae attributable 
to gallstone disease has decreased with earlier detection 
and treatment, fistulae are still encountered, particu-
larly in patients for whom or areas in which early  
diagnosis and intervention are less available or used, 
and when fistulae are due to causes other than gall-
stones, as in oncologic or postoperative patients. A cho-
lecystoduodenal fistula is usually the result of acute 
cholecystitis with obstruction of the gallbladder neck by 
a solitary stone too large to pass through the cystic duct, 
resulting in pericholecystitis, which develops into an 
abscess, which, in turn, adheres to the duodenum. 
When such an abscess ulcerates, a fistulous tract of 
varying length evolves; such a tract is not present when 
abscess or gangrene of the gallbladder (see pages 117 
and 122) ulcerates directly into the duodenum. If a 
stone passes through the fistula, it may obstruct the 
duodenum in ball-valve fashion, but more often it 
travels down, usually as far as the narrower terminal 
ileum, where it becomes arrested, causing a gallstone 
ileus. Although the removal of the calculus in such a case 
is mandatory, cholecystectomy need not be considered 
in elderly patients who are a poor operative risk, because 
the gallbladder can, with the obstructing stone gone, 
empty physiologically, and the fistulous tract will close. 
A rarer variant is Bouveret syndrome, in which the cho-
ledochoduodenal fistula in which the impacted stone 
lies results in a gastric outlet obstruction.

A choledochoduodenal fistula forms less often and is 
usually preceded by an obstructive jaundice, which may 
disappear when the fistulous tract is completely opened. 
The rare cholecystocolonic and still rarer choledochocolonic 
fistulae may be first recognized by the recovery of calculi 
in the feces. Large-bowel obstruction by stones is less 
likely than severe biliary tract infections with chills and 
fever, weight loss, and jaundice. The latter may amelio-
rate coincidentally with the appearance of diarrhea. 
Barium enemas usually reveal the fistula’s tract, as do 
CT scan, ERCP, and EUS. The essential symptom of 
a cholecystogastric fistula is the vomiting of a gallstone, 
though such an event could also result from duodenal 
regurgitation. Occasionally, this type of fistula is 
encountered with carcinoma of the stomach or pan-
creas. Fistulae between the various parts of the biliary 
system (e.g., cholecystocholedochal fistulae), mostly multi-
ple and secondary to the aforementioned fistulae, are 
infrequent, as are fistulae with other organs (jejunum, 
ileum, renal pelvis, vagina, pericardium, portal vein, 
hepatic artery).

Bronchobiliary fistulae are apparently preceded by 
choledocholithiasis, which leads to cholangitis and liver 
abscesses. These break into the subdiaphragmatic space 
and rupture into the pleura. After a clinical course of 
obstructive jaundice, these patients develop the symp-
toms and signs of a diaphragmatic pleurisy or basal 
pneumonitis; with the expectoration of bile-stained 
sputum or as much as 700 mL of bile per day, the  
complication is obvious. Cough is aggravated by  
the recumbent position. Cure lies in drainage of the  
peridiaphragmatic abscess and fistula closure through 
minimally invasive biliary diversion procedures, such  
as ERCP with stent placement or percutaneous biliary 
drain placement, or surgical management with 
choledochojejunostomy.

With the surgical treatment of internal biliary fistu-
lae, the patency of the common bile duct must be 
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to the parietal peritoneum. The fistula tract usually 
follows the falciform ligament to the umbilicus, where 
a reddened cutaneous tumor develops, which is easily 
mistaken for a subcutaneous abscess until incision yields 
bile or gallstones. A postoperative external fistula may 
be diagnosed when bile drainage persists for more than 
10 days after removal of the T-tube from the bile duct. 
The incidence of both spontaneous and postoperative 
external fistulae has decreased with the advent and con-
tinued refinement of modern gallbladder surgery.
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Infection of the extrahepatic bile ducts can be divided into 
nonsuppurative, or chronic, cholangitis and suppura-
tive, or acute, cholangitis. The former, which repre-
sents bacterial colonization and not acute infection, is 
seen in association with essentially all causes of biliary 
stasis, in acute and chronic cholecystitis, in silent 
(asymptomatic) common bile duct stones, or as a 
sequela of inflammatory processes in other viscera or 
generalized infections. Acute cholangitis, a more serious 
disease, follows a variety of pyogenic conditions of the 
gastrointestinal tract or biliary-intestinal anastomosis 
and may lead to biliary sepsis and liver abscesses.

Although extrahepatic cholangitis, or cholangitis of 
the extrahepatic bile duct, can result in a spontaneous 
stricture of the bile ducts, strictures are far more often 
an aftermath of surgical injuries to the bile duct, which 
may occur during biliary or hepatic surgery (e.g., in an 
effort to arrest hemorrhages from the cystic or hepatic 
artery) or due to other inadvertent rents or cautery 
injuries to the bile duct during cholecystectomy or 
biliary surgery. Hemorrhages may occur when the 
blood vessel, being shorter than the accompanying 
duct, is torn in case greater retraction is needed, as in 

obese patients. An overly rapid application of hemostats 
may result in a crushing injury of a yet incompletely 
dissected common bile duct. A retrograde dissection of 
the gallbladder fundus and displacement of the gall-
bladder to the left side of the abdomen may result in a 
similar injury. The type of stricture that develops in 
such instances is relatively favorable, because only part 
of the duct is usually involved, permitting surgical 
repair; clinically suggestive signs of fever, chills, and 

jaundice turn up only after 3 to 4 months, when a com-
mensurate fibrosis has evolved.

A second type of injury that may result in a stricture 
can occur when the common bile duct is mistakenly 
clamped, under the impression that it is the cystic duct, 
as may happen when traction upon the neck of the 
gallbladder “tents” the common bile duct. In the past, 
when all cholecystectomy procedures were performed 
as open surgical procedures, the common bile duct was 



 Liver: PART III

126 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 2-23 

Cholangiocatheter

2. Cystic artery
divided. Cystic
duct catheterized
for intraoperative
cholangiography

3. Cystic duct divided between
ligatures and transfixed with
additional suture

4. Peritoneum incised.
Gallbladder retracted
toward fundus

5. Peritoneum
closed with
continuous
suture

1. Peritoneum opened.
Cystic duct isolated

Cystic artery

Cystic duct

Transfixion 
suture

Common duct

Peritoneal
edge

Gallbladder
bed in liver

OPEN CHOLECYSTECTOMY

routinely explored before any duct transection was 
undertaken. The discrepancy in duct diameter typical 
between the cystic duct and common bile duct was 
therefore clearly visible, helping to prevent inadvertent 
transection of the common bile duct. Although such 
injuries could be encountered during emergency opera-
tions for acute cholecystitis, and in a few cases  
after gastric resection, the majority still occur during 
elective cholecystectomies for uncomplicated gallblad-
der disease. This injury many times involves complete 
transection of the common bile duct, which is suggested 
by the stellate appearance of the ligated, transected 
proximal duct. Immediate discharge of bile around the 
drains, continuing indefinitely, is an indication of what 
has happened, if it is not discovered during operation. 
As the drainage stops, the patient becomes icteric and 
the stools acholic. The subsequent disappearance of 
jaundice, together with the recurrence of brown stools, 
indicates the spontaneous formation of a choledocho-
duodenal fistula, which, however, will often fibrose and 
stenose. Today, with most cholecystectomies being 
undertaken laparoscopically, the surgeon does not have 
the same advantages of direct visualization and palpa-
tion available in open surgery. The operator must be all 
the more careful when dissecting out the gallbladder 
during cholecystectomy, being methodical not only in 

approach and technique of excision but also mindful of 
any duct anomalies that might make operation more 
complicated or hazardous. MRCP, ERCP, or PTC, if 
undertaken for diagnostic or therapeutic purposes prior 
to cholecystectomy, may identify such duct aberrancies 
prior to operation, offering the surgeon valuable infor-
mation for the avoidance of iatrogenic biliary injuries. 
Bile leaks are often heralded by symptoms such as post-
operative abdominal pain with or without tenderness, 

resulting from local inflammation or bile peritonitis; or 
by the appearance of bile at laparoscopic port sites, 
surgical incision sites, or, if present, surgical or percu-
taneous drains communicating with the area from 
which the gallbladder was excised. Transection of 
anomalous ducts (see page 125) can account for this 
presentation, as may cystic duct ligature or laparoscopic 
clip slippage, when edema of the gallbladder and cystic 
duct present at the time of operation begin to subside, 
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or when absorbable suture ligating the cystic duct 
remnant begins to soften. In the setting of acute cho-
lecystitis, it is not always possible to ligate the cystic 
duct remnant. Bile has lytic qualities and may prevent 
obliteration of the lumen of the transected cystic duct. 
With an open common bile duct, if external drainage is 
provided or if a stent is placed across the ampulla of 
Vater to overcome the flow gradient across the sphinc-
ter of Oddi, such leakage eventually abates. With any 
of these surgical accidents, if the bile that has leaked 
into the abdominal cavity is not drained and bile accu-
mulates, bile peritonitis may set in. Thus, treatment of 
a bile leak or fistula requires both draining of bile that 
has already leaked out, usually through the placement 
of a percutaneous drain, and mitigation of further 
leakage, most often with the placement of an endo-
scopically inserted transpapillary stent. Biliary strictures 
can also respond well and sometimes definitively to 
minimally invasive therapies such as ERCP or PTC, 
particularly if the stricture is focal and in a larger duct 
such as the common duct, and is identified early. When 
endoscopically or percutaneously treated, balloon dila-
tion of the stricture over a guidewire is typically under-
taken, often followed by placement of one or more 
internal stents or drains. The placement of such pros-
thetic devices after dilation serves two purposes. One is 

to provide assured drainage and easy repeated access to 
the biliary system between treatments, because these 
therapies often require a series of interventions, rather 
than a single intervention, in order to provide a com-
plete course of treatment. The other reason for the 
placement of a stent or drain is to increase the likeli-
hood that the effect of the balloon strictureplasty will 
be durable.

In cases not amenable to minimally invasive thera-
pies, or in which such treatments have failed, surgery is 

the usual next step; as with ERCP- or PTC-based 
therapies, the likelihood of success is better if the pro-
cedure is performed early and successfully on the first 
attempt. With each failure of a trial to repair a fistula 
or stricture, the next attempt is less likely to succeed. If 
biliary strictures are widespread in the intrahepatic 
ducts, leading to recurrent episodes of bacterial cholan-
gitis or biliary sepsis, or if long-standing biliary obstruc-
tion has led to irreversible biliary cirrhosis, liver 
transplantation offers the opportunity for cure.

biliary inJuries  
anD cHolanGitis (Continued)
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Plate 2-25 
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A paroxysmal pain originating in the upper right 
abdominal quadrant and radiating around the right 
costal margin to the shoulder (see page 117), to the 
scapular areas and, less often, to the hypochondrium is 
the most reliable symptom of a diseased gallbladder, 
although this “biliary colic” is reported in only slightly 
more than 50% of cases with uncomplicated gallbladder 
involvement. The incidence, however, approaches 95% 
in patients with jaundice caused by a stone in the 
common bile duct. In contrast, with obstruction by a 
malignant tumor, biliary colic is infrequent. A more 
continuous type of pain, with complaints of localized 
pressure, fullness, or discomfort, though localized in 
the upper abdominal quadrant and frequently brought 
on by dietary indiscretion, is not pathognomonic for gall-
bladder disease, because it is encountered with many 
other gastrointestinal disorders. Generalized abdomi-
nal discomfort associated with flatulence is another 
complaint of a small subset of patients with disturbance 
of the gallbladder, and some have no pain whatsoever, 
even with advanced biliary disease. Anorexia is more 
characteristic of liver disease than of biliary tract disor-
ders. Weight loss, though more significant for malig-
nant lesions, can occur even to an extreme degree in 
benign lesions of the biliary system. Fever and chills, 
not regular signs of acute cholecystitis, appear fre-
quently with involvement of the common bile duct.

On physical examination, the sign most indicative of 
gallbladder disease is a palpable mass in the upper right 
quadrant. Tenderness of this palpable mass raises suspi-
cion of an inflammatory process, and conservative treat-
ment is reasonable as long as the tenderness remains 
localized. If symptoms progress or recur, cholecystec-
tomy must be considered. If the abdominal mass is not 
tender and the patient is not icteric, the existence of a 
hydrops of the gallbladder (see pages 117 and 120) is 
most likely. The presence of jaundice with a mass, 
tender or not, points to an obstructive complication, 
such as a bile duct stone or a tumor causing bile duct 
obstruction downstream. It should, however, be kept in 
mind that jaundice is not an obligatory sign of choledo-
cholithiasis, because bile duct stones may cause obstruc-
tion that is intermittent rather than continuous and 
progressive. Serum levels of liver enzymes, however, 
will often be abnormal or fluctuating, and imaging 
studies such as ultrasound or MRI may be more specifi-
cally diagnostic.

Though also seen in a great number of cases with 
hepatocellular jaundice, pruritus, particularly when 
persistent and progressive, favors obstructive jaundice, 
because it is observed in more than 20% of patients 
with extrahepatic bile duct obstruction due to calculi 

and in almost 40% of individuals with neoplastic 
obstruction. Laboratory tests are not reliable for distin-
guishing hepatocellular from extrahepatic, obstructive 
causes of jaundice, because both can demonstrate a cho-
lestatic pattern of enzyme elevation. Imaging studies 
such as ultrasound and MRI provide visualization not 
only of the biliary tract but also of the liver and sur-
rounding organs, often demonstrating not only evi-
dence of obstruction, such as caliber transition of the 
bile duct at the point of obstruction, but also of the 

cause of the obstruction, such as a duct stone or tumor 
mass. Most bile duct stones are amenable to endoscopic 
extraction via ERCP. Strictures are drained either 
endoscopically through ERCP or percutaneously via 
PTC. Malignant strictures or extrinsic biliary obstruc-
tions due to a compressive mass usually require surgical 
resection for definitive therapy if they are amenable to 
operation; those that cannot be operated upon can be 
definitively drained through one of the aforementioned 
minimally invasive approaches.
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Papillomatous excrescences, either single or, more com-
monly, multiple, are often found on the mucosa of the 
gallbladder at cholecystectomy or autopsy. They usually 
are not larger than a few millimeters in their greatest 
diameter and project only slightly over the mucosa as 
yellow, flat, cauliflowerlike lesions. Though they  
sometimes contain deposited cholesterol, they differ 
from the histiocytic eminences in cholesterolosis (see 
page 121). These papillomas appear histologically as 
villous overgrowths of the surface epithelium, with an 
epithelial lining exhibiting many indentations into a 
connective tissue stalk of variable thickness. The stalks 
are often found to be infiltrated by inflammatory cells, 
and many of these papillomatous structures appear to 
be only inflammatory focal proliferations. Smaller 
lesions do not demonstrate a tendency to malignant 
degeneration, but larger polyps, which may have long 
stalks or flat, sessile, buttonlike adenomas, can progress 
to carcinoma.

Carcinoma of the gallbladder presents in several forms. 
The most common infiltrating type causes thickening 
and hardening of all layers of the wall and extends in 
the form of a gray-white, only partially necrotic tumor 
mass into the surrounding structures, especially into the 
liver. It consists of anaplastic glandular epithelium, 
which usually is associated with a marked fibroplasia of 
the stroma and has a poor prognosis. The less frequent 
papillomatous type extends cauliflowerlike into the 
lumen, spreads only relatively little over the surround-
ing mucosa or into the wall, and has a somewhat better 
prognosis. Ulcers over the projecting area and hemor-
rhages into the soft tumor mass are typical findings in 
this type, which consists histologically of carcinomatous 
epithelium arranged in the form of multiple villi. Still 
less frequently encountered is the subvariety of an 
extensively colloid-producing carcinoma. Presentations 
can demonstrate combinations of the characteristic fea-
tures of these three types of adenocarcinoma. Relatively 
rare is squamous cell carcinoma of the gallbladder. Car-
cinoma of the gallbladder hardly ever develops in a 
normal organ. Stones are found in a very high percent-
age of all carcinoma cases, and the etiologic relationship 
between gallbladder carcinoma and cholelithiasis has 
elicited much discussion (see page 120). Scarring fre-
quently seen in the part of the gallbladder that is not 
involved with the carcinoma suggests a preceding 
chronic inflammatory and fibrosing cholecystitis.

The sequelae of carcinoma of the gallbladder depend 
mainly on location and spread, although perforation 
may occur. Carcinoma located near the neck of the 
gallbladder has a great tendency to invade the hilar 
connective tissue and the common bile and hepatic 
ducts, thus producing obstructive jaundice and hydro-
hepatosis (enlargement of the liver due to biliary 
obstruction), as well as hepatic abscesses or internal 
biliary fistulae. Carcinoma in the fundus spreads readily 

into the liver or into the peritoneum. All types lead to 
early involvement of the regional lymph nodes, and 
locoregional and distant metastases are common, 
leading to a poor prognosis. Sometimes, such metasta-
ses produce the first clinical symptoms, before the small 
primary carcinoma is detected. With a lower incidence 
than carcinoma of the gastrointestinal tract, gallbladder 
cancer occurs in older patients and has a higher inci-
dence in women (similar to cholelithiasis, to which it is 
related), in contrast to carcinoma of the liver and biliary 

tract, both of which are more common in men. Though 
the clinical signs of pain, jaundice, a palpable mass, 
hepatomegaly, and sometimes also anemia are easily 
attributed to a disorder of the gallbladder and biliary 
tract, they do not necessarily point to a malignant 
tumor.

In contradistinction, gallbladder carcinoma found 
incidentally at the time of cholecystectomy for other 
reasons tends to be found earlier in its course and has 
a considerably better prognosis.
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In the extrahepatic biliary ducts, papillomas, polyps or 
flat, buttonlike adenomas, rarely occur. Most are 
benign, but they have malignant potential, as with other 
adenomas. The immediate concern with these lesions, 
and their presenting symptom, is often jaundice or 
cholangitis, which bile duct adenomas may cause by 
obstructing the bile duct mechanically. They are occa-
sionally multiple and may undergo cystic degeneration 
and become very large. Mesenchymal benign tumors  
in the larger bile ducts, such as lipomas or fibromas,  
are rare.

Cholangiocarcinomas, or carcinomas of the bile duct, 
are considerably more common, and begin as a plaque-
like hardening of the wall, which only rarely proceeds 
to a papillomatous intraluminal growth. Such a neo-
plasm typically starts as a diffuse infiltration of the wall 
by gray-white firm tissue, which later spreads into the 
surrounding areolar tissue. The mucosa does not appear 
ulcerated, so that small and nonspreading carcinomas 
may appear as strictures of the bile ducts. Consequently, 
if the patient has never undergone surgery of the bile 
ducts, gallbladder, liver, or pancreatic head, any stric-
ture of the bile duct should be considered suspicious for 
cholangiocarcinoma. Histologically, almost all carcino-
mas of the bile duct are more or less anaplastic  
adenocarcinomas, with sometimes conspicuous mucus 
production and usually a severe desmoplastic reaction. 
The carcinoma may develop anywhere in the ducts. It 
may appear as a short circumferential lesion, but some-
times it spreads along the longitudinal axis of the duct 
toward the liver and even into the cystic duct, where it 
can cause obstruction and hydrops of the gallbladder. If 
the carcinoma is localized only in the common duct, the 
gallbladder is markedly dilated but thin-walled (Cour-
voisier law, see page 131) because of the unaltered com-
munication between the hepatic and cystic ducts. With 
a carcinoma located in the main hepatic duct, the gall-
bladder is small and collapsed. Carcinomas of the cystic 
duct are rare. Jaundice is usually the presenting 
symptom, and it occurs when the bile duct becomes 
completely obstructed (see page 128). Hydrohepatosis 
and cholestasis in the liver (see page 128), and ascend-
ing and descending bacterial infection, ending in bacte-
rial hepatitis and cholangitic as well as pylephlebitic 
abscesses, are the most important consequences. Metas-
tases develop, in the order of incidence, in the liver, 
regional lymph nodes, pancreas, and peritoneum. The 

lungs are infrequently involved, and generalized spread 
is rare, possibly because the patient succumbs to the 
obstructive jaundice before diffuse spreading has set in. 
The earlier onset of jaundice accounts for overtly meta-
static disease being less frequently encountered in chol-
angiocarcinoma than in gallbladder or pancreas cancer. 
When bile duct carcinoma occurs at the hilar bifurca-
tion of the hepatic ducts, it is referred to as hilar chol-
angiocarcinoma, or Klatskin tumor.

The origin of carcinoma of the bile ducts has often 
been connected with choledocholithiasis and strictures 

of the ducts, both of which frequently complicate it, but 
the causal relationship is likely more complex, as is the 
case between carcinoma of the gallbladder and choleli-
thiasis (see page 129). Chronic inflammation, as is 
present in primary sclerosing cholangitis, increases the 
risk of cholangiocarcinoma.

Jaundice with pruritus but without pain is usually the 
first clinical symptom, but pain may appear as the 
disease progresses, probably as a result of tumor inva-
sion of local nerves and mass effect. Weight loss and 
cachexia are also late effects of this malignancy.
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A distinct type of tumor of the bile ducts is the neo-
plasm of the papilla of Vater. Although other tissue 
types can underlie this presentation, the tumors are 
most often adenomas, with potential for malignant 
transformation to carcinoma, similar to the adenoma-
to-carcinoma sequence that occurs elsewhere in the 
gastrointestinal tract. Benign neoplasms of the ampulla 
of Vater are rare, constituting less than 10% of periam-
pullary neoplasms, the majority of which are malignan-
cies developing from the duodenum, ampulla, or 
pancreas. Most benign ampullary tumors are villous and 
tubulovillous adenomas, but, less commonly, heman-
giomas, leiomyomas, leiomyofibromas, lipomas, lymph-
angiomas, and mixed endocrine neurogenic tumors can 
be seen. Ampullary adenomas occur sporadically or in 
the setting of familial polyposis syndromes such as 
familial adenomatous polyposis (FAP) and related con-
ditions. Forty to 100% of patients with ampullary 
adenomas arising in FAP have coexisting duodenal 
adenomatous polyps, which are frequently numerous 
and also possess their own malignant potential. They 
are increasingly recognized and detected earlier due  
to the advent and wide availability of endoscopy and  
its application in screening programs targeting  
individuals with familial polyposis syndromes who are 
at higher risk of developing ampullary adenomas and 
carcinomas.

Papillary adenomas may arise on the surface of the 
papilla of Vater, or extend proximally into the ampullary 
aspect of the bile duct or pancreatic duct, or both. 
Conversely, they may also be occult to endoscopic visu-
alization, developing in the ampullary portion and only 
in some cases protruding through the orifice of the 
papilla into the duodenal lumen. They frequently 
obstruct flow of the common bile duct, and jaundice is 
the most common presenting symptom. They may also 
obstruct the pancreatic duct. Extrahepatic and intrahe-
patic bile ducts and the gallbladder dilate from bile duct 
obstruction at the ampullary level. Controversy has 
long existed regarding whether the columnar epithe-
lium forming these adenomas is derived from the biliary 
duct or duodenal or pancreatic ductal epithelium, but 
the overall behavior of these tumors tends to be more 
consistent with that of intestinal neoplasms. The origin 
of carcinoma of the papilla of Vater, which involves not 
only the choledochoduodenal junction but also all of 
the surrounding structures, is also difficult to deter-
mine. Although some are actually distal bile duct carci-
nomas, others are carcinomas of the duodenum or the 
pancreatic ducts, and even of aberrant or normally 
located pancreatic tissue, as such, they are sometimes 
grouped together as periampullary carcinomas. The 
gray-white, firm cancer tissue usually bulges the papilla 
of Vater forward when viewed endoscopically or at 
operation, and forms an irregularly shaped, fine granu-
lar or papillomatous mass. With x-ray visualization, the 
outline of the duodenum is often distorted. The tumor 
spreads along the wall of the common bile and pancre-
atic ducts and may extend into the head of the pancreas, 
and the gray-white fibrous or granular tumor tissue may 
undergo necrosis. It is typically poorly demarcated from 
the intact pancreatic tissue, making the differentiation 
from primary carcinoma of the pancreas more difficult. 

A fibrotic reaction and mucus production are variably 
demonstrated on histologic examination.

Obstruction caused by tumors of the papilla of Vater 
has the same clinical consequence as bile duct obstruc-
tion resulting from tumors of the common bile duct. 
Additionally, however, the main pancreatic duct of 
Wirsung may also be obstructed, even if the common 
and pancreatic ducts do not share a common terminal 
pathway. Inevitably, the pancreatic duct may dilate and 
fibrosis may occur, which may result in pancreatic exo-
crine insufficiency; diabetes may develop infrequently 
because the islands of Langerhans are intact. Metastases 
to the regional lymph nodes, liver, and more distant 
organs are encountered less commonly than in pancre-
atic adenocarcinoma, partly because clinical symptoms, 
especially jaundice, tend to occur earlier in the disease 
process.

Sporadic ampullary adenomas tend to be diagnosed 
in patients who are older than 50 years of age, and most 
commonly in patients who are in their seventies. By 
contrast, ampullary adenomas arising in familial  
polyposis syndromes are often diagnosed decades 
earlier and in the setting of a surveillance program 
rather than as a result of symptoms.

Symptoms of biliary obstruction, including jaundice, 
may episodically resolve and recur, partially or com-
pletely, spontaneously and recurrently. Manifestations 
of pancreatic involvement, such as steatorrhea and 
elevation of serum amylase due to pancreatic duct 
obstruction, as well as melena caused by the ampullary 
tumor bleeding into the duodenum, can, to some 
extent, distinguish ampullary carcinoma from the bile 
duct malignancies occurring more proximally in the 
biliary tract.
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causal relationship, this does not exclude the possibility 
of a malignant bile duct stricture. Thus, this differential 
diagnosis must be considered. Neoplasms of both the 
common bile duct and pancreas may be so small at the 
time of operation that they can easily be overlooked even 
if cholecystectomy is performed as an open procedure. 
Even cholangiograms and cross-sectional imaging 
studies, such as MRI and CT scan, may fail to make such 
lesions visible, especially if the stricture is not obstruc-
tive enough to result in upstream ductal dilatation. Thus, 
cholangiography, usually ERCP, is undertaken carefully, 

postcHolecystectomy 
synDrome

Recurrence of preoperative symptoms, but particularly 
of biliary colic following cholecystectomy, is referred  
to as postcholecystectomy syndrome. Provided the original 
diagnosis, and indication for cholecystectomy, was 
correct, and that no coexisting medical condition (e.g., 
osteoarthritis, hydronephrosis) complicates the situa-
tion, the most frequent causes of these recurrent symp-
toms include retained or residual bile duct stones or 
microlithiasis (diminutive or microscopic gallstones 
sometimes called sludge) and sphincter of Oddi dys-
function (see Sphincter of Oddi Dysfunction, above). 
Residual stones may lodge in the cystic duct remnant 
or common duct, or even find their way into the intra-
hepatic ducts. They may become symptomatic, particu-
larly if lodged in the ampullary segment of the common 
bile duct, resulting in ascending cholangitis or gallstone 
pancreatitis. Buildup of pressure in the biliary system 
in the setting of an obstructing ampullary bile duct 
stone can contribute to loss of cystic duct clips or 
sutures, leading to a bile leak from the cystic duct 
remnant. The procurement of imaging studies prior to 
cholecystectomy is highly individualized; sometimes, at 
most, transabdominal ultrasound will be used, particu-
larly if the clinical presentation and laboratory data 
provide enough information with which to make a deci-
sion to undertake cholecystectomy for gallbladder or 
gallstone disease. Most cholecystectomy procedures 
today are undertaken laparoscopically, and bile duct 
exploration, whether in the form of intraoperative chol-
angiography, intraoperative bile duct and cystic duct 
ultrasound, or intraoperative choledochoscopy, is not 
done routinely. Open cholecystectomy allows for simple 
palpation of the bile duct to exclude at least those cystic 
duct and common bile duct stones large enough to be 
identified with such manipulation, but the laparoscopic 
approach does not. The combination of these two 
factors leads to a risk of retained bile duct stones in up 
to 5% of patients following cholecystectomy.

Anatomic identification of the whole cystic duct and 
its dissection down to its confluence with the common 
bile duct is sometimes technically challenging, whether 
attempted laparoscopically or in an open procedure, 
particularly in the presence of an acutely inflamed gall-
bladder prompting an emergency operation. Under 
such circumstances, a longer cystic duct remnant, or 
even a portion of the gallbladder itself, may be left, 
either of which can give rise to postcholecystectomy 
symptoms and retained stones.

Another group of patients with returning pains suffer 
from sphincter of Oddi dysfunction, including ampullary 
stenosis. The poorly defined diagnostic term “biliary dys-
kinesia” is sometimes applied to patients in whom a func-
tional disorder is assumed given lack of objective signs of 
any organic disorder on diagnostic investigation.

In patients developing liver enzyme elevations or 
jaundice within weeks to months following a cholecys-
tectomy, strictures of the common bile duct should be 
suspected. Although they can emanate from extrahepatic 
cholangitis (see pages 125 and 126) or adhesions, they 
are more often the result of surgical injury to the bile 
duct, usually at the junction of the common bile duct and 
common hepatic duct or at the junction with the cystic 
duct. Determining whether a stricture is benign or an 
unforeseen cholangiocarcinoma can be challenging; 
stasis induced by a malignant stricture can be associated 
with the formation of primary bile duct stones. Although 
the temporal correlation between surgery and the diag-
nosis of a stricture provides some insight into a potential 
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not only removing the retained bile duct stone but also 
looking carefully at the duct anatomy to exclude stric-
tures or extravasation (which might suggest a leak or 
fistula), and ascertaining that all expected duct sectors 
opacify, so as not to leave undiagnosed an inadvertent 
and unrecognized injury to an aberrant right posterior 
bile duct. It is imperative that the recovery of a calculus 
not be misinterpreted as the correct sole and final solu-
tion of the patient’s diagnostic problem given the fact 
that gallstones are present in 5% to 30% of patients 
harboring a neoplasm.
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to open into the duodenum at the minor duodenal 
papilla. The pancreas becomes flattened and lies back 
onto the posterior abdominal wall and becomes second-
arily retroperitoneal as it loses its mesentery.

In early embryonal stages, the pancreas consists of 
tubules from which the future acini arise. These are 
at first solid but soon develop a central cavity lined  
by a single layer of cells. Some acinar cells in the 

Development of pancreas

The foregut is the first segment of the gut tube within 
the abdomen. It is attached to the anterior body wall  
by a ventral/anterior mesentery and posteriorly by a 
dorsal/posterior mesentery, the latter distributing blood 
from the dorsal aorta via the celiac arterial trunk. Two 
diverticula extend from the foregut, one dorsally and 
the other ventrally. The dorsal pancreatic bud extends 
into the dorsal mesentery while the liver develops from 
the endodermal cells that line the foregut and extend 
into the ventral mesentery to create the hepatic diverticu-
lum during the third week. The cells of the hepatic 
diverticulum proliferate and extend superiorly into the 
septum transversum, which separates the pericardial 
cavity from the developing peritoneal cavity. As the 
hepatic diverticulum expands within the septum trans-
versum, its connection to the foregut narrows to 
become the bile duct, which will carry bile from the liver 
to the duodenum.

At approximately 30 days of development, another 
extension of endoderm projects inferiorly off of the bile 
duct. This diverticulum will develop into the gallbladder, 
and the connection between it and the bile duct will 
become the cystic duct. Just proximal to the developing 
gallbladder is yet another diverticulum extending from 
the bile duct, the ventral pancreatic bud. Elongation of 
the duodenum and rotation of the stomach to the left 
twists the duodenum into its typical C-shape. This rota-
tion also brings the bile duct and ventral pancreatic bud 
posterior to the second part of the duodenum. When 
the rotation is complete, the ventral pancreatic bud 
comes to lie immediately inferior and posterior to the 
dorsal pancreas. Eventually its tip lies behind the supe-
rior mesenteric vein and the root of the portal vein. The 
dorsal and ventral pancreatic buds fuse, as do their duct 
systems. Pancreatic secretions from the body and tail 
(originating from the dorsal bud) are subsequently 
shunted into the duct of the ventral pancreas and 
become the pancreatic duct (of Wirsung). This duct opens 
into a common chamber with the common bile duct, 
the hepatopancreatic ampulla (of Vater), and into the duo-
denum at the major duodenal papilla. Only the superior 
portion of the head is drained by the original duct of 
the dorsal pancreas, the accessory pancreatic duct (of San-
torini), which crosses anterior to the common bile duct 
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incompletely subdivided vesicles may fail to develop 
into secreting elements and retain a ductal character, to 
connect the acini with the intercalated ducts. At many places 
of the same embryonic duct system that gives rise to the 
acini and ducts, some cells are pushed out from the 
tubules. These cells divide and grow into cell masses to 
create the endocrine portion of the pancreas, the pan-
creatic islets (of Langerhans).
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artery, may also arise from the hepatic artery or celiac 
trunk, or directly from the aorta. It runs inferiorly and 
within the substance of the pancreas, dividing into left 
and right branches. The left branch generally forms the 
inferior pancreatic artery, running toward the body and 
tail of the pancreas. The right branch has an anasto-
motic vessel to the anterior pancreatic arch and also a 
branch to the uncinate process, just posterior to the supe-
rior mesenteric artery. The greater pancreatic artery 
originates from the splenic artery further to the left and 

arterial BlooD supply  
of liver, Biliary system,  
anD pancreas

The arterial supply to the pancreas and adjacent portions 
of the duodenum comes from the celiac trunk, which 
supplies the foregut organs, and the superior mesenteric 
artery, which supplies the midgut organs. Thus, the 
pancreas is an organ where the two major vessels anas-
tomose. The celiac trunk supplies blood to the pancreas 
through the gastroduodenal and splenic arteries, and the 
superior mesenteric artery provides blood to the inferior 
pancreaticoduodenal artery.

The gastroduodenal artery, after its origin from the 
common hepatic artery, passes inferiorly to course pos-
terior to the first portion of the duodenum but anterior 
to the head of the pancreas. There it gives origin to the 
posterior superior pancreaticoduodenal artery (retroduodenal 
artery of Michels). Its origin is often hidden by dense 
fibrous tissue; passing to the right and inferiorly over 
the common bile duct, it gives off a branch that delivers 
the principal blood supply for that duct. The posterior 
superior pancreaticoduodenal artery continues poste-
rior to the head of the pancreas and between the duo-
denum and common bile duct, finally turning to the left 
to unite with the posterior inferior pancreaticoduodenal 
artery.

At the lower border of the pylorus, the gastroduodenal 
artery divides into a larger right gastroomental artery and 
a smaller anterior superior pancreaticoduodenal artery. The 
right gastroomental artery enters the greater omentum 
to follow the greater curvature of the stomach. The 
anterior superior pancreaticoduodenal artery continues 
inferiorly on the anterior surface of the head of the 
pancreas as far as its lower border, where it turns supe-
riorly to unite with the anterior inferior pancreaticoduo-
denal artery. In approximately 40% of cases, no common 
inferior pancreaticoduodenal artery exists, and the 
anterior and posterior vessels originate separately from 
the superior mesenteric artery. The head of the pan-
creas and the second and third portions of the duode-
num are thus supplied by both an anterior and a 
posterior arcade. The posterior arch is formed by the 
two posterior pancreaticoduodenal arteries and the 
anterior arch (unsurprisingly) by the two anterior pan-
creaticoduodenal arteries. The posterior span is situ-
ated at a somewhat more superior level than the 
anterior. Both give off branches that anastomose with 
each other through and around the pancreas, supplying 
that organ as well as the duodenum.

The body and tail of the pancreas are supplied chiefly 
by the splenic artery. As the artery courses along the 
superior border of the pancreas, it gives off some small 
twigs. Three of the branches are usually larger and are 
named. Of these, the dorsal pancreatic artery, which 
usually originates from the beginning of the splenic 
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passes inferiorly, dividing into branches that anasto-
mose with the inferior pancreatic artery. The artery for 
the tail of the pancreas originates from the splenic artery, 
or from its terminal branches, and divides into branches 
that anastomose with the terminal twigs of the inferior 
pancreatic artery. The inferior pancreatic artery, usually 
the left branch of the dorsal pancreatic artery, courses 
posterior to the body and tail of the pancreas close to 
its lower border. It may originate from or communicate 
with the superior mesenteric artery.
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anatomy anD Histology  
of pancreas

The pancreas, 4 to 6 inches long, extends transversely 
across the abdomen from the concavity of the duode-
num to the spleen. Its color is yellow with a reddish 
hue. Located deep in the epigastric and left hypochon-
driac regions of the abdomen, posterior to the omental 
bursa, approximately at the level of the first and second 
lumbar vertebrae, the pancreas eludes direct physical 
examination. The right extremity of the pancreas, the 
head, is globular in shape, with an inferior extension, 
the uncinate process, projecting like a hook to the left and 
posterior to the superior mesenteric vessels. The head, 
covered anteriorly by the pylorus and transverse colon, 
fits snugly into the loop formed by the first, second, and 
third parts of the duodenum, so that the common bile 
duct passes through a groove in the substance of the 
gland. The posterior surface of the head of the pancreas 
touches the inferior vena cava and left renal vein. The 
head narrows into the neck of the pancreas as it crosses 
anterior to the aorta and the origin of the portal vein. 
The body of the pancreas then bulges to the left and 
slightly superiorly to reach almost the level of the celiac 
trunk. The splenic artery extends along its superior 
border. Its anterior surface, covered by serosa, is sepa-
rated by the omental bursa from the posterior wall of 
the stomach. The inferior surface, below the attachment 
of the transverse mesocolon, is related to the duodenoje-
junal junction and to the splenic flexure of the colon. 
The posterior surface is in contact with the aorta, the 
splenic vein, and the left kidney. The body tapers off into 
a short tail of the pancreas, which frequently makes 
contact with the spleen near its hilum.

The pancreatic duct (of Wirsung) starts in the tail by 
confluence of several small ducts and extends into the 
head, where it turns inferiorly and posteriorly to join 
the terminal end of the common bile duct. It terminates 
at the major duodenal papilla in the second portion of the 
duodenum, and it drains the greater part of the gland. 
As a rule, only a small, upper, anterior part of the head 
drains to the minor duodenal papilla via the accessory pan-
creatic duct (of Santorini).

The exocrine secretion that travels through these 
ducts contains digestive proenzymes that are not acti-
vated until they reach the duodenum, in which the pH 
of the environment is relatively lower. The exocrine 
secretion is created by glandular acini, bound together 
by tracts of connective tissue forming the interlobular 
septae. Acinar cells are high cuboidal epithelial cells 
around a basement membrane. Their nuclei are sur-
rounded by basophilic cytoplasm, whereas cytoplasm 
near the lumen varies in appearance, depending on 
secretory activity. During the resting stage, the acinar 
lumen is small and the cytoplasm of the secretory cells 
is filled with zymogen granules. They disappear during 
secretion and the lumen widens to contain secretory 
material. In the proximal parts of the ducts, flat centro-
acinar cells without zymogen granules extend into the 
alveolar lumen. These cells secrete bicarbonate to raise 
the pH of the ducts and prevent activation of the pro-
enzymes. The intralobular ducts continue from the 
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intercalated ducts. Multiple intralobular ducts fuse to 
create interlobular ducts, which are surrounded by dense 
irregular connective tissue. These are lined by a simple 
cuboidal epithelium that grows taller as these ducts fuse 
to create the pancreatic duct and accessory pancreatic 
ducts, which may have stratified cuboidal cells lining 
their wide lumens.

The pancreatic islands (of Langerhans), scattered 
throughout the gland, consist of cells structurally dif-
ferent from those of the exocrine parenchyma. The 

most frequent cell is the β-cell, groups of which tend 
to cluster in the center of each islet; in routine stains, 
the cells have faintly recognizable granules, the precur-
sor of insulin. The α-cells are more likely to be seen on 
the islet’s periphery and have distinct acidophilic gran-
ules containing the precursor of glucagon. The sparse 
δ-cells are free of granules, although they do release 
somatostatin. All these endocrine hormones are released 
into the vessels of the pancreas and are carried to the 
liver by branches of the hepatic portal vein.
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posterior portions of the head. In rare instances the 
main duct may collect secretions only from these por-
tions of the head.

The accessory duct usually communicates with the 
main duct, although occasionally they may have no 
communication. Several of the more common variations 
in the course of the ducts within the gland are illustrated. 
Their significance is not well documented, but it is 
conceivable that they may explain the marked variabil-
ity in results with the numerous surgical procedures for 

pancreatic Ducts  
anD variations

The arrangement of the pancreatic ducts within the 
gland varies considerably, and their relationships with 
the terminal common bile duct are even more varied. 
The pancreatic duct (of Wirsung) arises from the 
hepatic diverticulum to form the ventral pancreatic 
bud, and the accessory pancreatic duct (of Santorini) 
originates as the dorsal pancreatic bud from the foregut 
itself. During the developmental period, the dorsal pan-
creas makes up the majority of the body and the tail, so 
that the accessory duct courses through the major 
extent of the gland. At the time of fusion, the pancreatic 
duct from the ventral bud joins the duct of the dorsal 
aspect and becomes the much larger pancreatic duct. 
Occasionally, the relative size of the two ducts is reversed, 
so that the accessory duct remains the main duct. The 
accessory duct ordinarily inserts into the duodenum 
proximally, at the minor duodenal papilla. The pancre-
atic duct enters the duodenum more inferiorly at the 
major duodenal papilla. It typically shares a common 
chamber with the common bile duct, the hepatopancre-
atic ampulla (of Vater). The ampulla varies in width 
from 1.5 to 4.5 mm and in length from 1 to 14 mm, 
according to the individual distance from its opening in 
the duodenum to the start of a septum that divides the 
common bile duct and the pancreatic duct. With a short 
ampulla, the hepatopancreatic sphincter (of Oddi) 
closes both ducts together, so that reflux cannot occur. 
With a longer ampulla, a common channel is present 
above the sphincter, so that reflux of bile into the pan-
creas or pancreatic juice into the biliary system can 
occur. Elongation of this common channel remains one 
of the favored, though not generally accepted, etiologic 
explanations for acute pancreatitis and chronic or 
recurrent pancreatitis.

Within the gland itself the pancreatic duct begins in 
the tail. It is centrally located as it courses to the right 
through the body and neck, being joined by tributaries 
that typically enter at right angles, alternating from 
opposite sides. In the head the main duct usually turns 
inferiorly and posteriorly in close proximity to the 
common bile duct or joins it as it courses through the 
substance of the pancreas. The main duct commonly 
drains the tail and body, as well as the inferior and 
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pancreatitis. A large accessory duct that is continuous, 
or anastomosing, with the main pancreatic duct could 
well relieve the pressure and damage from reflux pro-
duced as a result of a common ampulla of the biliary 
and pancreatic ducts, whereas completely separate ducts 
or narrow connections would have the opposite effect 
and could produce serious damage.

The smaller ductules ramify to connect with the 
lobules of the gland and in the acini, which are tubular, 
convoluted, and almost filled with secreting cells.
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may completely encircle the duodenum, as in annular 
pancreas.

The inferior portion of the head, and sometimes the 
body of the pancreas, may lie in the posterior wall of the 
greater peritoneal cavity, covered only by peritoneum 
and in contact with the redundant transverse colon or 
loops of small bowel.

peritoneal relations  
of pancreas

During embryonal development the ventral and dorsal 
pancreatic buds grow into the ventral and dorsal mes-
entery of the duodenum. After the rotation of the 
stomach and intestine has taken place, the pancreas 
with its posterior peritoneal layer comes in contact with 
the parietal peritoneum over the posterior abdominal 
wall; both peritoneal layers fuse and become obliter-
ated, and the pancreas becomes a secondarily retroperi-
toneal organ. The tail of the pancreas reaches the 
spleen and kidney and becomes fixed in the splenorenal 
ligament. After its rotation the transverse mesocolon 
becomes fused to the posterior layer of the greater 
omentum such that when one is examining the trans-
verse colon, its mesentery appears to originate from the 
inferior border of the body and tail of the pancreas.

The posterior surface of the tail reclines upon the left 
kidney and renal vessels at the level of thoracic vertebra 
12 and lumbar vertebra 1. The hilus of the spleen usually 
lies behind the tip of the tail. When the pancreas 
enlarges in its superior/inferior diameter, it passes to 
the right and inferiorly, crossing the aorta and spine at 
the level of lumbar vertebra 1, slightly overlapping tho-
racic vertebra 12 and lumbar vertebra 2. The body is 
anterior to the superior mesenteric vessels, which occa-
sionally pass through the posterior portion of the gland, 
and the tip of the uncinate process lies posterior to these 
vessels on the aorta and vena cava at the level of the 
second lumbar vertebra. The splenic vein passes poste-
rior to the central portion of the gland, where it joins 
the superior mesenteric vein to form the portal vein, 
which then extends superiorly and to the right behind 
the superior portion of the gland. It may actually pass 
through the gland substance. The head lies to the right 
of the spine on the inferior vena cava, and still more to 
the right it comes in contact with the right renal vein. 
The common bile duct passes inferior and to the right, 
posterior to the upper portion of the head of the pan-
creas, and then enters the substance of the gland, to 
reach the posteromedial border of the duodenum in 
company with the main pancreatic duct, with which  
it enters the duodenum on the major duodenal papilla 
(of Vater).

The anterior surface of the pancreas and the superior 
edge of the tail and body are normally covered by the 
posterior peritoneum lining the omental bursa. This sac 
may become partially or completely obliterated by 
adhesions. The posterior wall of the stomach, hepato-
gastric ligament, and greater omentum are in contact 
with the anterior surface. During severe gastroptosis 
almost the entire gland may be covered only by the 
hepatogastric ligament or liver. The attachment of the 
mesentery of the transverse colon lies along the inferior 
margin of the gland except over the head, where it 
passes across the midportion of the head from left to 
right. The pylorus and first portion of the duodenum lie 
anterior to the superior edge of the head of the pan-
creas, and the head is surrounded by the loop of the 
duodenum, with the third portion of the duodenum 
lying posterior to the inferior edge of the uncinate 
process. The pancreas tends to overlap the second part 
of duodenum, especially posteriorly, and at an extreme 
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The major difficulties involved in exposure and 
removal of the pancreas lie in the close approximation 
of the nearby blood vessels with their accompanying 
lymphatics, particularly the superior mesenteric vessels 
and portal vein, which are frequently invaded by tumor, 
or lie within the substance of the gland, making removal 
impossible without damage to the vessels.
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The posterior surface of the head may be explored 
further by dividing the right gastric and gastroduodenal 
arteries at their origin from the hepatic arteries, mobi-
lizing the common duct further and visualizing the 
superior surface of the portal vein. A finger can then be 
passed inferiorly between the head of the pancreas and 
the portal vein to palpate the body of the pancreas over 
the superior mesenteric vessels.

Biopsy of the gland during operation must be 
approached with caution, especially on the posterior 

surgical approacHes  
to pancreas

The posterior position of the pancreas, completely 
covered by the stomach, colon, and gastrocolic liga-
ment, and its close proximity to important vessels make 
adequate exposure of this organ difficult.

The anterior surface of the head, body, and tail is best 
exposed by dividing the greater omentum between the 
stomach’s inferior border and the transverse colon. The 
gastroomental vessels may be spared, and the middle 
colic vessels must be gently dissected off the pancreas. 
The transverse mesocolon is in contact with the ante-
rior surface of the head of the pancreas and passes along 
the inferior border of the gland, so in order to get 
adequate exposure of the head it may be necessary to 
mobilize the hepatic flexure and the right half of the 
transverse mesocolon.

The tail of the pancreas lies in the splenorenal ligament 
near the hilus of the spleen. All its surfaces (anterior, 
posterior, superior, and inferior) may be explored by 
mobilizing the tail together with the spleen and splenic 
vessels. The splenic artery courses along the superior 
surface of the gland but is very tortuous and may 
overlap the gland and send short branches to the body 
and the tail. An entrance may be made through the 
hepatogastric ligament for limited exposure of the supe-
rior surface of the gland and especially for exposure of 
many false cysts, which frequently lie in the omental 
bursa, presenting above the lesser curvature of the 
stomach.

The uncinate process of the head of the pancreas can 
be visualized and explored in a limited fashion, because 
it is superposed by the superior mesenteric artery and 
veins at the point of origin of the middle colic and 
inferior pancreaticoduodenal vessels. Though the supe-
rior mesenteric vessels may be freed and retracted  
to the right, it is still difficult to palpate this portion of 
the gland.

Exposure of the posterior surface of the head of the 
pancreas and the extrapancreatic and intrapancreatic 
portions of the common bile duct is frequently desir-
able to clarify early the causes of jaundice or of an 
ampullary obstruction. The common bile duct and gall-
bladder are examined first for distention due to obstruc-
tion. The peritoneum is incised around the loop of the 
duodenum, the plane posterior to the duodenum and 
pancreas is entered, and the organs are lifted anteriorly 
and to the left. The limitation of this exposure, once 
again, is the superior mesenteric vessels and their 
branches, especially the inferior pancreaticoduodenal 
vessels, which hold the gland in place against the pos-
terior wall by either actually passing through its sub-
stance or by passing anterior to the uncinate process 
and the duodenum. The common bile duct may be 
palpated throughout its entire course, and the lymph 
nodes around the duct may be visualized and examined. 
By careful dissection close to the duodenal wall, the 
pancreatic duct may also be visualized. Dilatation of 
pancreatic ducts may be seen or palpated through the 
gland substance.
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surface of the head. An opening into a large duct can 
result in prolonged drainage from a pancreatic fistula, 
which is extremely irritating to the nearby tissues and 
very debilitating because of loss of electrolytes in the 
pancreatic secretions. Biopsy may fail to capture tumor 
tissue even though a tumor is present, and this may lead 
to false diagnosis and treatment. Chronic pancreatitis 
distal to the tumor, or overlying it, may be difficult, if 
not impossible, to distinguish grossly from the tumor 
and may thus be biopsied erroneously.
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covering, direct lymphatic connections exist with the 
posterior abdominal wall and other retroperitoneal 
structures. It is this intermingling of the pancreatic 
lymphatics with lymphatic channels of other organs and 
the retroperitoneal tissues that explains the rapid spread 
of carcinoma or infections within the pancreas to other 
structures, making timely diagnosis and treatment in 
many cases so difficult. These lymphatic relations are 
also of importance in determining the extent of surgery 

lympHatic Drainage  
of pancreas

The lymphatics of the pancreas arise as fine perilobular 
capillaries, combining to form progressively larger 
vessels in the interlobular spaces and extending along 
the blood vessels to the surface of the gland. Where  
the pancreas is closely attached to other organs, such  
as the duodenum, direct lymphatic connections exist. 
Although the lymphatic vessels are believed to have 
valves directing the flow in the proper direction, this 
mechanism could easily be absent, causing a flow from 
pancreas to duodenum, and vice versa. This situation 
may explain, in part, the frequent involvement of  
both organs in carcinoma, arising primarily in one  
or the other, but it also has been considered that  
infection might spread from acute duodenitis, causing 
pancreatitis.

On the anterior surface of the tail and body, the 
lymphatic trunks emerge from the gland and pass 
largely to the superior edge and to the tail, to collect in 
lymph nodes and lymphatic channels along the splenic 
artery and vein. These trunks and nodes drain primarily 
into the celiac nodes, which have connections with the 
left gastric nodes and the chain of hepatic nodes. Secondary 
connections with the mediastinal and cervical nodes 
explain the appearance of metastases into the supracla-
vicular nodes. The lymphatics of the tail of the pancreas 
are intimately associated with the splenic nodes at the 
hilus of the spleen and superior pancreatic lymph nodes 
around the splenic vessels.

The anterior surface of the right half of the body and 
head drains into two systems. The first of these, the 
superior pancreatic lymph nodes and the pyloric nodes, 
constitute the upper draining system. These are spaced 
along the superior pancreaticoduodenal vessels, are 
connected with celiac and hepatic nodes, and have a 
direct continuity with the gastric lymphatics along the 
right gastric vessels. The second system is constituted 
by the pancreaticoduodenal nodes that collect trunks from 
the anterior, posterior, and inferior surfaces of the head 
and the uncinate process. They follow the posterior 
superior pancreaticoduodenal vessels to the hepatic and 
celiac nodes and the posterior inferior pancreaticoduo-
denal vessels to the superior mesenteric nodes, and thence 
to the periaortic chain. Superior mesenteric nodes lying 
in the root of the transverse mesocolon also drain adja-
cent portions of the pancreas.

The posterior surface of the head of the gland actu-
ally drains directly into all these nodes, except for  
the superior pancreatic nodes. Anastomoses with  
the duodenal lymphatics are frequent. The primary 
drainage from the posterior surface is superiorly along 
the common bile duct to drain into the lymphatics 
along the bile ducts and thus to the hepatic nodes. 
Because the posterior surface of the pancreas is in  
direct contact with the areolar tissue of the posterior 
abdominal wall without an intervening peritoneal 
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in carcinoma, particularly of the stomach. The duode-
nal lymphatics and those of the head of the pancreas, 
particularly of the upper system, are intimately related. 
As a matter of fact, some of the duodenal lymphatic 
channels pass through the pancreas and cannot be dis-
tinguished from the lymph vessels of the pancreas itself. 
This contingence has been supposed to represent a 
possible route for the spreading of infections leading to 
pancreatitis.



	 Pancreas

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 141

because constriction of the ducts resulting from 
splanchnic stimulation slows passage of the pancreatic 
juice. In general, it can be said that splanchnicectomy 
will frequently give relief of pain for varying periods of 
time and anesthetic block of the splanchnic or celiac 
plexus frequently results in relief of the severe pain of 
acute pancreatitis. Left splanchnicectomy has been used 
for relief of pancreatic pain with success, but in some 
cases a right splanchnicectomy becomes necessary later, 
and, therefore, some surgeons do both at the original 

innervation of pancreas

Just like the liver and other intraabdominal organs, the 
pancreas is innervated by the sympathetic and parasym-
pathetic systems. The sympathetic nerves reach the 
pancreas primarily through the greater (thoracic) 
splanchnic nerves arising from the fifth to the ninth 
thoracic ganglia, with possible contributions from the 
lesser splanchnic nerves from the tenth or eleventh tho-
racic ganglia. Parasympathetic fibers reach the gland 
through the vagus nerves and posterior vagal plexus. All 
the nerves of the pancreas, both afferent and efferent, 
pass through the celiac plexus, and complete excision of 
the celiac plexus thoroughly deinnervates the gland. 
The preganglionic sympathetic fibers terminate in the 
celiac or superior mesenteric ganglia, whereas the pregan-
glionic parasympathetic axons terminate in the intrinsic 
pancreatic ganglia. From the celiac and superior mes-
enteric ganglia, the nerve fibers proceed along the 
vessels to the pancreas. The majority accompany the 
pancreaticoduodenal vessels. Some fibers accompany 
the splenic vessels, but most of those escorting the 
splenic vessels terminate in the spleen. The sympathetic 
fibers are distributed almost entirely to the blood 
vessels of the pancreas. The parasympathetic fibers 
accompany the vessels as far as the arterioles and then 
disperse between the pancreatic lobules and around the 
acini, ultimately finding their targets on individual cells. 
These nerves serve both the external secreting acini and 
the islet cells, and the smooth muscle of the duct is 
innervated by parasympathetic fibers.

Afferent pain fibers from the pancreas are believed to 
follow the sympathetic nerves in a retrograde manner, 
passing through the celiac ganglia, thoracic splanchnic 
nerves, white rami, and spinal nerves to reach the spinal 
cord. The level of the common areas of pancreatic pain in 
the epigastric, left upper quadrant, and back regions are 
in keeping with this opinion. Definite knowledge of the 
results of nerve stimulation on pancreatic secretion is 
somewhat obscured by the hormonal effects of secretin 
and cholecystokinin from the duodenal mucosa.

The understanding of the influence of nerve stimula-
tion is further complicated by the simultaneous action 
of the nerves on the pancreatic vessels, ducts, and secre-
tory cells. The innervation of the vascular apparatus and 
its surgical interruption may be of some importance for 
the origin of pain in acute pancreatitis and its relief, 
respectively. Stimulation of the vagus nerves increases 
the enzyme content of the pancreatic secretions. Vagot-
omy and atropine both markedly reduce the secretion 
of enzymes from the pancreas, whereas pilocarpine sig-
nificantly increases such secretion. Stimulation of the 
ducts should also be considered in studies of this kind, 
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operation. With progressive pancreatic disease, the 
process extends beyond the gland substance and even-
tually involves the peripheral nerves in the area, par-
ticularly in the posterior abdominal wall. This results 
in persistent or recurrent pain, which is completely 
unaffected by attacks on the sympathetic or parasympa-
thetic nerves. With carcinoma of the pancreas, the peri-
neural lymphatics are frequently involved, leading not 
only to spread of the tumor by this path but to intrac-
table pain.
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increased secretion. Chloride and bicarbonate are 
secreted through the cystic fibrosis transmembrane con-
ductance regulator (CFTR). Entry of chloride or bicar-
bonate in the basolateral membrane, and intracellular 
signals to the CFTR, determine whether chloride or 
bicarbonate will be secreted. Severe mutations in CFTR 
cause cystic fibrosis as a recessive genetic disorder. 
Milder mutations that only affect bicarbonate secretion 
increase the risk for acute and chronic pancreatitis.

normal secretion  
of pancreas

The pancreas is a digestive gland with two functional 
divisions. The exocrine pancreas produces digestive 
enzymes and flushes them into the duodenum. The 
endocrine pancreas produces insulin, glucagon, pancre-
atic polypeptide, and somatostatin and secretes them 
into the bloodstream to regulate use of nutrients that 
have been digested and absorbed.

The exocrine pancreas is made up of two cell types. 
The acinar cell synthesizes pancreatic digestive enzymes 
in an inactive form called zymogens. The acinar cells 
form clusters called acini; enzymes are secreted into the 
center of the acini. The duct cells secrete bicarbonate 
to generate pancreatic juice that will flush the zymogens 
into the duodenum. The ducts begin at the center of 
each acini and join together, making larger and larger 
ducts that eventually form the main pancreatic duct.

The pancreas secretion occurs through stimulation 
from the vagus nerve and circulating hormones. The 
vagus nerve has both sensory (afferent) and motor 
(efferent) divisions that connect in the brainstem within 
the dorsal vagal complex (DVC). Information about 
internal and external conditions is integrated in the 
DVC so that optimized stimulatory signals are sent to 
the pancreas. Pancreatic secretion begins with the sight 
or smell of food, with gastric distention, and/or with 
duodenal nutrients. The duodenum is the primary 
sensory organ for, and activator of, pancreatic secretion. 
Gastric hydrochloric acid stimulates secretin release 
from the duodenum into the bloodstream to stimulate 
pancreatic sodium bicarbonate secretion, resulting in 
sodium chloride, water. and carbon dioxide. Proteins or 
fats in the duodenum cause cholecystokinin (CCK) to 
be released into the bloodstream to stimulate pancreatic 
enzyme secretion to digest the nutrients. The process 
continues until the meal is digested; this process may 
last throughout the day and evening as the stomach 
slowly releases its contents into the small intestine.

In humans, CCK appears to bind to CCK receptors 
on afferent vagal fibers that transmit a signal to the 
DVC, with integration of other signals to generate 
motor signals through the efferent vagus nerve. Pancre-
atic zymogen secretion occurs after the efferent vagal 
nerves stimulate intrapancreatic ganglia, which in  
turn spread the signal to all of the acini. Acetylcholine 
stimulates the cells through calcium-mediated second-
messenger systems, resulting in excitation-secretion 
coupling. The acinar cells are protein factories that gen-
erate all types of enzymes, including trypsin (the master 
enzyme) and other proteases (chymotrypsin A, B, and C; 
carboxypeptidase A1, A2, B1, and B2; elastase), lipases 
(pancreatic lipase, colipase, lipase-related protein, phos-
pholipase A2, carboxyl ester lipase), α-amylase, DNAses, 
RNAses, and others. All of the pancreatic digestive 
enzymes are synthesized as zymogens except for amylase 
and lipase, and they are activated in the duodenum by 
trypsin, which results from enterokinase activation on 
trypsinogen. Premature activation of trypsin within the 
pancreas activates the zymogens, which digest the pan-
creas itself, causing intense injury and pain that is recog-
nized as acute pancreatitis.

The duct cells secrete chloride and bicarbonate after 
stimulation by both neural and hormonal pathways. 
Secretin, released from the duodenum, binds to recep-
tors on the duct cells. Nerves release both acetylcholine 
and vasoactive intestinal polypeptide. Duct cells also 
respond to active proteases such as trypsin, high calcium 
levels, and danger signals from nearby cell injury with 
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The pancreas is also regulated by hormones from the 
distal intestine. The most important is peptide YY (PYY), 
which is released when undigested nutrients are in the 
terminal ileum. Circulating PYY acts on the brain and 
other sites to slow gastric emptying, slow pancreatic 
secretion, and slow intestinal transit while increasing 
disorganized intestinal motility and increasing fluid 
absorption. Because of these actions, PYY is called the 
ileal brake.



	 Pancreas

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 143

metabolism caused by shock and tissue ischemia, or by 
mitochondrial toxicity from release of unsaturated free 
fatty acids), elevated hematocrit (an indicator of a  
vascular leak syndrome), elevated hemoconcentration 
(high hematocrit; as a risk for organ failure and pancre-
atic necrosis), and elevation of the blood urea nitrogen 
and creatinine (indicators of acute kidney injury and 
markers of severity). Elevation of the white blood cell 
count and serum glucose level is usually an indicator of 
severe stress rather than infection or diabetes. Elevation 

BiocHemical cHanges in 
acute pancreatitis

Acute pancreatitis is a clinical syndrome defined by the 
sudden onset of typical abdominal pain (sharp, continu-
ous, radiating to the back, and typically associated with 
nausea), elevation of pancreatic amylase or lipase in the 
serum of at least three times the upper limit of normal 
for the clinical laboratory, and abdominal imaging evi-
dence of pancreatic inflammation. At least two of these 
features must be present to make the diagnosis. Diag-
nosis can be made by other measures, such as elevated 
trypsin activation peptide levels in the urine, but a clini-
cal diagnosis using two of the three criteria is usually 
sufficient. In most cases, typical pain and elevation of 
serum amylase or lipase alone will make the diagnosis. 
Transabdominal ultrasound is an inexpensive and non-
invasive way to confirm the diagnosis and search for 
gallstones if needed. Computed tomography (CT) 
scans may be discouraged because they are usually not 
necessary, and addition of intravenous contrast may 
cause both kidney disease and increase the risk for pan-
creatic tissue necrosis.

In most cases acute pancreatitis is caused by the 
uncontrolled activation of trypsinogen (inactive 
zymogen) to trypsin (active protease) inside the pan-
creas. Trypsin activates the other zymogens, causing 
local injury and tissue digestion, which triggers an 
intense inflammatory response. In some cases of acute 
pancreatitis the inflammatory response extends beyond 
the pancreas and causes systemic inflammation, a 
response similar to that of severe bacterial sepsis, mul-
tiple trauma, or severe third-degree burns.

Biochemical analysis of the blood during acute pan-
creatitis serves multiple purposes. First, it can help 
define the cause. Elevation of serum alanine transami-
nase (ALT) levels indicates liver injury, and levels  
that are greater than three times normal suggest that 
there may be a gallstone obstructing the common  
bile duct and causing gallstone pancreatitis. If the aspar-
tate transaminase (AST) levels are higher than the  
ALT levels and no gallstones are visible, the cause is 
more likely alcohol associated. Elevation of serum 
alcohol levels suggests alcohol-associated pancreatitis, 
although alcoholic pancreatitis typically occurs during 
alcohol withdrawal when alcohol levels are low. Eleva-
tion of plasma triglyceride levels to over 1000 mg/dL 
indicates severe hypertriglyceridemia and, with elevated 
pancreatic lipase levels, will cause acute pancreatitis by 
releasing toxic free fatty acids. Even moderate hyper-
triglyceridemia (200 to 999 mg/dL) can be associated 
with pancreatitis, especially in patients who are also 
obese, alcoholic, or diabetic. Finally, hypercalcemia can 
be a cause of acute pancreatitis.

Secondly, laboratory testing can help in the evalua-
tion of pancreatitis severity. The severity of the inflam-
matory response is only loosely linked to the level of 
serum pancreatic enzymes, and other measures of the 
physiologic response to systemic inflammation are 
used. These include blood oxygen levels (a measure of 
lung injury), lactate levels (a measure of anaerobic 
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BIOCHEMICAL CHANGES IN ACUTE PANCREATITIS

of other molecules, such as interleukin 6 and C-reactive 
protein, is also an indicator of a systemic inflammatory 
response, but the measurements are not rapidly avail-
able and do not add much to the findings of a thorough 
physical examination and the laboratory tests listed 
above. Low serum calcium levels have also been linked 
to severe acute pancreatitis, but with the exception of 
severe hypertriglyceridemia and widespread free fatty 
acid release, the low calcium can be accounted for by 
correcting for low albumin levels.



	 Liver:	PART	III

144	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

as identifying mass lesions. Magnetic resonance imaging 
(MRI) alone or with secretin-stimulated pancreatic 
secretion (magnetic resonance cholangiopancreatogra-
phy [MRCP]) is especially useful for evaluating fluid 
collections and duct morphology, including malforma-
tions such as pancreas divisum. MRI and MRCP will 
also identify tumors, or masses that compress the pan-
creatic duct. Endoscopic retrograde cholangiopancrea-
tography (ERCP) is a special endoscopic procedure that 
allows contrast to be injected into the pancreatic and 

BiocHemical cHanges in 
pancreatic oBstruction

Pancreatic duct obstruction refers to any condition in 
which mechanical obstruction of the pancreatic duct 
results in impaired flow of pancreatic juice. This can be 
from intrinsic or extrinsic causes, which can be benign 
or malignant.

Sudden blockage of the pancreatic duct, as with a 
gallstone becoming impacted in the ampulla of Vater, 
typically results in acute pancreatitis. The characteristic 
findings are typical abdominal pain and epigastric ten-
derness, and elevation of amylase and lipase in the 
blood to more than three times the upper limit of 
normal. If the obstruction also includes the common 
bile duct, biochemical changes of liver injury, such  
as a high serum ALT and (later) bilirubin level,  
will be found.

Incomplete obstruction of the pancreatic duct can be 
caused by smaller stones, strictures, or sphincter of 
Oddi dysfunction (with transient elevations in a liver 
injury test, dilated common bile duct, and/or episodes 
of pancreatitis). Patients with chronic pancreatitis often 
have stones within the pancreatic duct that can cause 
obstruction. In this case the primary symptom is pain, 
and there are usually not significant biochemical 
changes.

Gradual, complete obstruction of the pancreatic duct 
can develop without symptoms of acute pancreatitis or 
pain. Complete obstruction of the main pancreatic duct 
prevents pancreatic digestive enzymes from entering 
the duodenum and results in maldigestion of fats, pro-
teins, and carbohydrates. The symptoms can include 
weight loss, diarrhea, bloating, cramping, and bulky, 
greasy, or oily stools, depending on the diet. Maldiges-
tion from pancreatic obstruction can be diagnosed by 
detecting elevated fat in the stool using Sudan red stain, 
by low levels of human elastase 1, and by more compli-
cated pancreatic function testing. This can be caused by 
autoimmune pancreatitis in which pancreatic swelling 
compresses the pancreatic duct, intrapancreatic muci-
nous neoplasia in which the duct is obstructed by 
mucus, pancreatic ductal adenocarcinoma with duct 
compression or invasion, ampullary adenocarcinoma, 
inflammation in the head of the pancreas, pancreatic 
cysts, and a variety of rare disorders. Pancreatic ductal 
adenocarcinoma in the head of the pancreas may 
obstruct both the pancreatic duct and the common bile 
duct (double-duct sign). In these cases the first signs of 
cancer may be deep jaundice and weight loss.

The diagnosis of pancreatic duct obstruction as the 
cause of maldigestion from insufficient pancreatic 
digestive enzymes requires imaging of the duct system. 
The least expensive and most noninvasive imaging 
technique is transabdominal ultrasound. This approach 
is most useful in identifying stones and dilated ducts. 
CT scanning is an x-ray imaging technique that is very 
useful for identifying stones and dilated ducts, as well 
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biliary ducts in a retrograde fashion to allow fluoro-
scopic evaluation. In addition to superior imaging, 
ERCP is useful for obtaining brushings or biopsies of 
strictures or masses to determine if there is cancer, to 
remove stones, and to relieve obstructions by cutting 
the sphincter of Oddi or placing stents. Endoscopic 
ultrasound is another specialized technique that allows 
masses or abnormalities to be identified and biopsied 
for the diagnosis and staging of tumors and invasive 
cancers.



	 Pancreas

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 145

monitored for fasting hyperglycemia (serum glucose > 
125 mg/dL) or elevated hemoglobin A1c (> 6.4%). Loss 
of acinar cell function leads to a form of maldigestion 
known as pancreatic exocrine insufficiency. Multiple 
approaches to diagnosing pancreatic exocrine insuffi-
ciency have been offered, but the variability of  
measures between laboratories, inconsistency between 
approaches, lack of specificity for abnormal tests, and 
semiarbitrary cut-off criteria between normal and 
abnormal make testing difficult. The most common 
approaches include measuring human elastase-1 con-
centrations in stool samples, measuring bicarbonate 
concentrations in pancreatic juice after secretin stimu-
lation, and detecting abnormally low levels of fat-
soluble vitamins (E, D, A, and K) or vitamin B12 in the 

laBoratory aiDs in 
pancreatic Disease

The clinical laboratory plays a critical role in detecting, 
diagnosing, and managing pancreatic diseases. Tests  
can be divided into several categories, including those 
for risk factors, diagnostic biomarkers, and severity 
biomarkers.

Acute pancreatitis is the inflammatory response to 
pancreatic injury (see Plate 3-15). Initial symptoms 
include the sudden onset of severe, usually sharp upper 
abdominal pain, typically radiating to the back and 
associated with nausea. The diagnosis is confirmed by 
the detection of elevated levels of amylase and lipase, 
two digestive enzymes that normally are secreted into 
the intestine, in the serum. Because other conditions 
may also cause elevation of amylase or lipase levels, the 
diagnosis must include either typical pain or evidence 
of inflammation on abdominal imaging such as CT 
scanning. As an inflammatory response to injury, serum 
cytokine levels rise and fall during the course of disease. 
C-reactive protein is a general marker of inflammation, 
but recovery is generally followed through clinical signs 
and symptoms.

Once a diagnosis of acute pancreatitis is made, the 
cause and severity should be investigated. Hypertriglyc-
eridemia and hyperglycemia with diabetic ketoacidosis 
require targeted treatment. Transition of local inflam-
mation in the pancreas to systemic inflammation is 
detected by physiologic danger signs of fever, tachycar-
dia, tachypnea, and an elevated white blood cell count. 
Signs of organ dysfunction include elevated lactate 
levels, which are linked to anaerobic metabolism as seen 
with hypotension and shock; elevated hematocrit from 
vascular leak syndrome and hemoconcentration; low 
arterial oxygen levels, suggesting respiratory failure; 
and a rising creatinine level, which is a marker of acute 
kidney injury. Treatment is supportive and includes 
careful monitoring to anticipate and rapidly address 
organ dysfunction.

Once a person has had acute pancreatitis, there is a 
high risk of recurrent acute pancreatitis and progression 
to chronic pancreatitis. Gallstones cause the majority of 
cases of acute pancreatitis; a cholecystectomy and/or 
biliary sphincterotomy should be done if gallstones are 
detected. Obstructive causes are typically detected by 
imaging studies, although elevated liver injury tests may 
indicate partial obstruction of the common bile duct. 
Alcohol-associated pancreatitis confers the highest risk 
for recurrent pancreatitis, and progression to chronic 
pancreatitis, and primary treatment focuses on stopping 
both alcohol use and smoking. Genetic factors play a 
major role in recurrent pancreatitis as a genetic syn-
drome, including familial hypertriglyceridemia, vari-
ants of cystic fibrosis, or hereditary pancreatitis, or as a 
multifactorial risk combination. Testing of DNA for a 
genetic risk of pancreatitis incudes analysis of the 
CFTR, PRSS1, and SPINK1 genes.

Chronic pancreatitis represents pathologic responses 
or cellular dysfunction following pancreatic injury. 
Fibrosis, related to actions of the pancreatic stellate cell, 
is measured with imaging techniques. The risk of fibro-
sis becomes very high with pathogenic CLDN2 or 
CTRC genetic variants, especially with alcohol use or 
smoking. Diabetes mellitus is common in patients with 
chronic pancreatitis; loss of the entirety of the islets, 
rather than only the insulin-producing beta cells, 
renders the patient susceptible to both hyperglycemia 
and hypoglycemia. Patients with a history of acute, 
recurrent acute, or chronic pancreatitis should be 
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blood or low levels of circulating trypsinogen in the 
serum. Pancreatic exocrine insufficiency is treated with 
pancreatic enzyme replacement therapy.

Pain is the most difficult feature of chronic pancre-
atitis to measure and treat. There are no objective  
measures of pain, because pain represents both sensory 
input and emotional components. Pain does not cor-
relate with morphologic changes of chronic pancreatitis 
or other functional deficits. Continuous pancreatitis 
pain correlates with a poor quality of life.

Pancreatic cancer remains the most feared pancreatic 
problem. Serum biomarkers of pancreatic cancer, such 
as CEA or CA-19.9, are not useful for early detection 
or diagnosis, but may be useful for monitoring a disease 
state with treatment or recurrence.
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congenital anomalies  
of pancreas

The pancreas is a gland that arises from the developing 
foregut during embryologic development. Clinically 
important congenital abnormalities include abnormal 
rotation and fusion of the two primitive buds and devel-
opment of pancreatic tissue in the wrong place.

Embryologic development of the pancreas in humans 
begins with two outpouchings from the duodenum 
during the fifth week of life. The ventral bud, linked to 
the bile duct of the developing liver, rotates behind the 
duodenum and then merges with the dorsal bud during 
the seventh week of gestation. The dorsal bud forms 
the body and tail of the pancreas, whereas the ventral 
bud will form the pancreatic head. The duct system 
arborizes to form the pancreatic acini (groups of acinar 
cells surrounding the terminal branch of a duct).

Ductal system malformations are common. The two 
ductal systems usually merge and join the common bile 
duct and empty into the duodenum through the ampulla 
of Vater, or major papilla. In about a third of people, 
the accessory duct is patent and empties through the 
duct of Santorini via the minor papilla. In about 5% to 
10% of people, the ducts do not fuse, resulting in a 
congenital abnormality called pancreas divisum. Thus, 
most areas of the pancreas must drain through the 
narrow minor papilla. This condition is often associated 
with recurrent acute pancreatitis, especially when the 
patient also has pathogenic variants in the cystic fibrosis 
(CFTR) gene or SPINK1 gene.

Pancreatic divisum is typically divided into three 
types. Type 1 (classic) pancreatic divisum is defined by 
complete independence of the two duct systems, and 
occurs in about 70% of cases. Type 2 (absent ventral 
duct) is defined by the absence of a ventral duct such 
that the entire pancreas must drain through the minor 
papilla. The major papilla drains bile only. This variant 
represents 20% to 25% of cases. Type 3 (functional) 
represents an incomplete connection between the 
dorsal and ventral ducts such as a filamentous band; it 
is found in only 5% to 6% of cases.

The common channel syndrome is an abnormality 
defined by an abnormally long common pancreatobili-
ary channel (> 10 mm in children). The junction 
remains outside the duodenal wall and lacks the normal 
sphincter. This may result in pancreatobiliary reflux 
and injury to the extrahepatic bile duct. Clinical pre-
sentations include recurrent acute pancreatitis or symp-
toms of a choledochal cyst.

Choledochal cysts are areas of the bile duct that are 
dilated and appear cystic. In rare cases there are true 
diverticula. These may involve the intrapancreatic bile 
duct or the intraduodenal portion of the common bile 
duct, where the lesion is a type III lesion, or choledochocele. 
The cysts are usually detected in children with abdomi-
nal pain and fever, or they may be an incidental finding 
on imaging studies. They are more often seen in Asian 
countries. Surgical removal may be recommended 
because the incidence of carcinoma in these cysts is high.

Annular pancreas describes a rare congenital abnor-
mality in which a band of pancreatic tissue completely 
encircles the second portion of the duodenum. It may 
cause duodenal stenosis. Annular pancreas is believed 
to occur when the ventral bud becomes fixed and fails 
to rotate around the duodenum and stretches to form 
a ring of pancreas as development continues. Other 
variants are also seen. Annular pancreas is seen with 
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other congenital defects, including intestinal malrota-
tion, cardiac defects, Meckel diverticulum, imperforate 
anus, and spinal defects. It is common in Down syn-
drome. The classic presentation in a vomiting infant is 
the double-bubble sign (air is trapped in the first part of 
the duodenum and in the stomach) with clinical signs 
of an upper small bowel obstruction.

Ectopic pancreatic tissue, or pancreatic rest, repre-
sents the development of pancreatic tissue in the  

gastrointestinal mucosa that is independent of the pan-
creas proper. On endoscopy, ectopic pancreatic tissue 
appears as a submucosal bump with a central dimple. 
Although relatively common (1% to 10% of autopsy 
cases), clinical significant problems such as focal pan-
creatitis, bleeding, or cancer remain rare. Ectopic tissue 
is usually seen in the stomach, duodenum, and jejunum, 
but foci of pancreatic tissue have been reported 
throughout the gastrointestinal tract.
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reproductive system, and sinuses. A specific class of 
CFTR mutations affects bicarbonate conductance, but 
not chloride conductance, resulting in combinations  
of recurrent acute pancreatitis, chronic pancreatitis, 
chronic sinusitis, and male infertility, but not lung 
disease.

Treatment of patients with CF continues to be a 
lifelong challenge. Pancreatic enzyme replacement 
therapy, initiated in the early twentieth century, 
increased survival times from infancy to an average of 
10 years of age by 1962. The development of CF 

cystic fiBrosis  
of pancreas

Cystic fibrosis (CF) describes a genetic syndrome 
affecting the pancreas, lung, sinuses, intestine, sweat 
gland, reproductive organs, and other organs linked to 
dysfunction of the cystic fibrosis transmembrane con-
ductance regulator (CFTR). Defective CFTR limits 
chloride and bicarbonate secretion, which limits fluid 
secretions. The sinuses become congested and infected, 
the lungs develop scarring from bacteria and debris, 
sweat glands make normal sweat, the intestine becomes 
clogged with sticky contents, causing meconium ileus 
at birth, and the pancreas becomes inflamed as the 
digestive enzymes are ineffectively flushed from the 
pancreatic duct. The term cystic fibrosis refers to the cyst 
and fibrosis of chronic pancreatitis that develop in utero 
and lead to complete loss of pancreatic exocrine func-
tion early in life. Without intervention with pancreatic 
enzyme replacement therapy, most infants or children 
will die of maldigestion and failure to thrive.

CFTR is a membrane-bound protein used by epithe-
lial cells to transport anions across the apical membrane 
through an open channel, with the direction of anion 
movement based on electrochemical gradients across 
the membrane. Thus, in the pancreas, sinuses, lungs, 
and intestine, the flow of anions is from the inside of 
the cell outward, resulting in secretion. In the sweat 
gland, anions move from the lumen into the cells, 
resulting in the absorption of chloride, with sodium 
following. One of the earliest tests of CFTR function 
is a sweat chloride test, where dysfunction of CFTR 
results in an inability to absorb the sodium chloride in 
the fluid that comes from further up in the duct and 
results in elevated sweat chloride levels.

Each person carries two copies of the CFTR gene. 
The total loss of one copy can usually be compensated 
for by expression of the normal copy. Complete loss of 
both copies results in the autosomal recessive genetic 
syndrome CF, affecting multiple organs. Although 
analysis of a patient’s genotype is helpful, diagnosis 
requires demonstration of abnormal function of the 
channels during formal testing, such as abnormal sweat 
chloride elevations or characteristic symptoms in com-
monly affected organs (e.g., Pseudomonas aeruginosa lung 
infections). If the mutation in one or both CFTR alleles 
results in a protein with some residual function, milder 
forms of CF develop known as mild or atypical CF. In 
some cases, only one or two organs are affected (CFTR-
associated disorders).

The pancreas depends on CFTR in the upstream 
duct cells for secretion of sodium bicarbonate fluid to 
flush newly synthesized digestive enzymes from the 
acinar cells out of the pancreas. CFTR function is so 
tightly linked to pancreatic health that the severity of 
CFTR mutations is graded by their effect on the pan-
creas. Even mild CFTR mutations weaken the ability of 
the pancreas to withstand stresses from other causes, 
such as SPINK1 (trypsinogen inhibitor) or other muta-
tions, alcoholism, smoking, or pancreas divisum with 
downstream resistance to secretion. With two severe 
CFTR mutations, the pancreas becomes the first organ 
to be severely and permanently damaged.

Recurrent acute pancreatitis and chronic pancreatitis 
are CFTR-associated disorders that can occur later in 
life without lung disease. The CFTR channel is regu-
lated so that it can switch between a chloride-permeable 
channel and a bicarbonate-permeable channel. The 
bicarbonate-permeable channel is critical for organs 
that secrete sodium bicarbonate, such as the lung, male 
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centers to address all of the patients’ needs, including 
better nutrition and antibiotic therapy, has revolution-
ized therapy and survival times, which now extend into 
the sixth decade. Discovery of the CFTR gene in 1989 
allowed for variants of CF and CFTR-associated dis-
eases to be understood. The latest breakthrough is 
CFTR-enhancers and CFTR-correctors, which can 
restore CFTR function and improve health. Personal-
ized treatment plans are being developed to prevent 
unnecessary damage to affected organs and maximize 
health. Screening for CF begins in newborns.
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head or midbody, may lead to a disrupted duct or a 
disorganized acute fluid collection. These conditions 
are usually managed by observation, and the fluid col-
lection becomes walled off within about 4 weeks. If the 
fluid collection has necrotic debris, it is called a walled-
off fluid collection. If it has mostly fluid with high amylase 
levels, it is a pseudocyst. Fluid collections may need to be 
drained or operated on if they become infected, grow 
in size to compress the stomach or other organs, or leak, 
causing a fistula the peritoneum, plural cavity, or else-
where. Peripancreatic fluid collections also occur, but 

acute pancreatitis

Acute pancreatitis (AP) represents a clinical syndrome 
of sudden pancreatic injury followed by an inflamma-
tory response and related complications. Key features 
include high levels of pancreatic digestive enzymes in 
the blood (e.g., amylase or lipase), a clinical picture of 
systemic inflammation, and shock and multiorgan 
failure in severe causes. Treatment is primarily  
supportive. Determining the cause is important for  
preventing recurrence.

AP is caused by the activation of the digestive proen-
zyme trypsin in the pancreas to trigger autodigestion 
and inflammation. The most common triggers are gall-
stones blocking the pancreatic duct, alcohol withdrawal 
with hyperstimulation, hypertriglyceridemia, hypercal-
cemia, trauma, and some medications. Mutations in 
several genes increase the risk of acute pancreatitis, 
including pathogenic variants in CFTR, PRSS1, and 
others that are determined by genetic testing. Identifi-
cation of the cause may direct special treatments or be 
used to prevent recurrence.

AP presents as severe, sharp, epigastric pain, often 
radiating to the back, and associated with nausea and 
vomiting. Diagnosis requires typical pain plus levels of 
digestive enzymes (amylase or lipase) in the blood-
stream of at least three times the upper limit of normal. 
If one level is negative, abdominal imaging may confirm 
the diagnosis. More severe cases cause the systemic 
inflammatory response syndrome (SIRS), with fever (> 38° 
C or 100.4° F), tachycardia (> 90 beats per minute), 
tachypnea (> 20 breaths per minute), and an elevated 
white blood cell count (> 12,000/µL). Patients with 
persistent SIRS (> 48 hours) are likely to develop mul-
tiorgan dysfunction and have a high risk of death. In 
addition, the pancreas itself may be severely injured, 
leading to partial or complete necrosis, which may 
become infected and cause severe morbidity.

Local damage to the pancreas includes swelling 
(edema), peripancreatic fat stranding, fluid collections, 
and pancreatic necrosis. Pancreatic necrosis reflects vas-
cular insufficiency within a section of the pancreas and 
regional infarction. If the duct system is affected there 
may be fluid collections within the pancreas, or tracking 
to the retroperitoneum, peritoneal cavity, pleural cavity, 
or elsewhere. Infection of a necrotic pancreas repre-
sents one of the most feared complications because it 
requires many days and invasive procedures such as 
surgery to treat the infection.

Treatment of AP focuses on supporting dysfunctional 
organs and body systems, relieving pain, and managing 
complications. Initial treatment includes pain medicine 
(morphine should be avoided) and fluids. Ringer lactate 
solution is superior to saline because it minimizes aci-
dosis, and a liter should be given immediately as the 
fluid volume is monitored. SIRS can lead to vascular 
leak syndrome and cardiovascular shock, so aggressive 
fluid resuscitation in those who require it is critical. 
Vascular leak also causes pulmonary edema, and oxygen 
or mechanical ventilation may be needed. Contrast-
enhanced CT scans are not needed to make the diagno-
sis; the contrast may cause acute kidney injury in 
patients who are not fully hydrated. Early enteral 
feeding may reduce bacterial translocation and infec-
tions and may shorten the duration of SIRS.

The inflamed pancreas is especially susceptible to 
hypovolemia and shock, and major sections of the pan-
creas may lose blood flow and undergo necrosis. Necro-
sis of more than 30% of the pancreas, or necrosis in the 
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they are less likely to be symptomatic. Patients with a 
combination of multiorgan dysfunction and infected 
pancreatic necrosis have a high mortality rate.

The care of patients with AP has improved the out-
comes. In most centers about a third of the patients 
with AP have SIRS; about 15% have multiorgan dys-
function; and about 2% to 3% will die. Late complica-
tions are typically related to fluid collections, persistent 
pain, or development of diabetes. Some patients also 
have pancreatic exocrine insufficiency and require pan-
creatic enzyme replacement therapy.
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for bicarbonate concentration or enzyme levels.  
Indirect tests include measurement of pancreatic 
enzymes passed in stool (human elastase-1, chymotryp-
sin), the breath test for fat hydrolysis, or serum  
levels of trypsinogen. Secretin-MRCP combines struc-
tural and functional information. The functional  
tests are more valuable for determining pancreatic  
exocrine insufficiency than for early diagnosis of chronic 
pancreatitis.

Treatment of chronic pancreatitis is aimed at pre-
venting progression and relieving complications. The 
early identification of the cause of chronic pancreatitis 
remains a top priority because removal or control of 
etiologic factors may slow, stop, or reverse the disease. 

cHronic (relapsing) 
pancreatitis

The term chronic pancreatitis describes a syndrome of 
recurrent or persistent pancreatic inflammation result-
ing in irreversible damage to the pancreas, such as 
fibrosis or atropy. The clinical manifestations of chronic 
pancreatitis include recurrent acute pancreatitis, pan-
creatic fibrosis, ductal distortion and dilation, calculi or 
stone formation, pseudocyst formation, atrophy, mal-
digestion leading to malnutrition, diabetes mellitus 
from loss of pancreatic islet of Langerhans cells, inter-
mittent and or chronic abdominal pain, and increased 
risk of pancreatic cancer. Examples of end-stage damage 
to the pancreas are illustrated here.

There are many causes of chronic pancreatitis. The 
most direct cause is the necrosis-fibrosis sequence resulting 
from severe acute pancreatitis, which may account for 
about 15% of cases. The sentinel acute pancreatitis event 
(SAPE) sequence begins with mild acute pancreatitis that 
initiates an inflammatory response that persists. The 
aggravating factor may be alcohol use, smoking, genetic 
factors, or other disease modifiers. The result of inflam-
mation is activation of the fibrosis-producing stellate 
cells, acinar cell loss causing maldigestion, islet cell 
destruction causing diabetes mellitus, sensory nerve 
stimulation, and DNA damage, which, if not repaired, 
leads to pancreatic cancer. The remaining cases are rare 
or idiopathic causes.

Alcohol and smoking have long been linked to 
chronic pancreatitis. However, the majority of people 
with a history of heavy drinking and smoking do not 
develop significant chronic pancreatitis. Acute pancre-
atitis from any cause may trigger inflammation, with 
alcohol and smoking altering the inflammatory and 
healing response, leading to pancreatic fibrosis, atrophy, 
and other complications, which develop at an acceler-
ated rate. Genetic factors linked to alcohol (CLDN2) 
and smoking (CTRC) worsen their effects, so that pro-
gression to end-stage disease is accelerated.

Genetic variants play a major role in the development 
and worsening of disease in patients with chronic pan-
creatitis. The most common factor is dysfunction of the 
cystic fibrosis transmembrane conductance regulator 
gene (CFTR). Some CFTR mutations only affect bicar-
bonate secretion, so the effects are limited to the pan-
creas, sinuses, and male reproductive organs (see Plate 
3-14). CFTR mutations plus a mutation in the trypsin 
inhibitor gene SPINK1 can lead to chronic pancreatitis. 
Hereditary pancreatitis is caused by mutations in the 
cationic trypsinogen gene PRSS1, leading to chronic 
pancreatitis in most carriers. Mutations in the SPINK1, 
CTRC, and other genes also contribute to chronic pan-
creatitis in different ways.

Less common causes of chronic pancreatitis include 
metabolic disorders such as hyperlipidemia or hypercal-
cemia, duct obstruction, autoimmune disorders, main 
and/or biliary duct obstruction, severe damage from 
acute pancreatitis, or trauma. In women, there is a higher 
rate of chronic pancreatitis from obstructive causes than 
in men. About a third of cases remain idiopathic, with no 
identifiable causes after careful investigation.

The diagnosis of chronic pancreatitis is typically 
made by imaging criteria such as CT scan or MRI 
demonstrating abnormal duct morphology. Pancreatic 
calcifications are not part of the diagnostic criteria but 
are important findings supporting the diagnosis. Tests 
of pancreatic function are also available if imaging tests 
are inconclusive. Direct function tests measure the 
secretion of pancreatic fluid as it enters the duodenum 
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This has been most dramatically demonstrated in 
alcohol-associated pancreatitis, where the prognosis for 
those who stop drinking is dramatically better than for 
those who continue to drink. Symptomatic treatment is 
usually triggered by a change in pain severity or pattern. 
This includes pain medications, treating duct obstruc-
tion by endoscopy or surgery, and even removing the 
entire pancreas early in the course of the disease with 
salvage of the islets that are placed in the liver (total 
pancreatectomy with islet autotransplantation). Sup-
portive treatment includes pancreatic enzyme replace-
ment therapy for pancreatic exocrine insufficiency and 
insulin with other measures for pancreatic endocrine 
insufficiency (pancreatogenic diabetes).
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appear as cysts. These tumors produce very thick mucus 
with high amylase and high CEA levels. IPMNs tend 
to occur in the pancreatic head; they develop during the 
sixth to seventh decade of life with similar frequencies 
in men and women. Main duct IPMNs cause a fish-
mouth appearance of the ampulla of Vater and can 
present with nonspecific abdominal symptoms, pancre-
atitis, and symptoms of pancreatic exocrine insuffi-
ciency. The behavior of these neoplasms is variable, 
because a subset degenerate into PDACs. Molecular 
and genetic markers may be useful for management.

Solid pseudopapillary neoplasms (SPNs) and cystic endo-
crine neoplasms are rare (< 10% of cystic neoplasms). 
SPNs are usually found in young women, tend to be 
benign, and can grow to large, symptomatic sizes. 

pancreatic cysts

A pancreatic cyst is an abnormal fluid collection that is 
lined by epithelial cells and has no natural opening so 
that the fluid cannot escape. Fluid collections develop-
ing immediately after acute pancreatitis are not true 
cysts, and have been called pseudocysts.

Congenital pancreatic cysts are very rare. In most cases 
there are multiple cysts associated with inherited syn-
dromes, such as von Hippel-Landau disease or polycys-
tic kidney disease. A solitary cyst, such as an intestinal 
duplication cyst, may have muscle layers and ciliated 
epithelium. An abnormal dilatation of an intrapancre-
atic bile duct is a type of choledochal cyst (see  
Plate 3-13).

Most cysts develop later in life. They can be benign, 
premalignant, or malignant. High- resolution abdomi-
nal imaging now detects small cysts in the pancreas of 
asymptomatic patients that are usually benign, with the 
incidence increasing with age. Management of the cysts 
requires determining the type and predicting the bio-
logic behavior. Cyst origin and behavior can be pre-
dicted based on the clinical history of the patient, the 
appearance of the cyst, the type of fluid in the cyst, and 
molecular markers.

Pancreatic fluid collections following acute pancre-
atitis are classified as acute necrotic collection, walled-
off necrosis, or pancreatic pseudocyst. An acute necrotic 
collection is poorly necrotic tissue and fluid in the 4 
weeks following acute pancreatitis. Walled-off necrosis 
typically occurs after 4 weeks, when the wall is lined by 
granulation tissue. The fluid is thin, has variable levels 
of amylase, contains necrotic debris, and can be sterile 
or infected. The term pseudocyst also describes a walled-
off fluid collection persisting for more than 4 weeks 
after acute pancreatitis. The fluid is thin, has very high 
amylase levels, contains no debris, and has low tumor 
marker levels. Pseudocysts likely arise from pancreatic 
duct disruption and contained leakage. Pseudocysts and 
walled-off necrosis are typically treated by observation 
unless they become symptomatic.

Neoplastic cysts can be classified as three common 
types and some uncommon and rare types. About 80% 
of cysts are serous cystadenomas (SCAs), intraductal 
papillary mucinous neoplasms (IPMNs), or mucinous 
cystic neoplasms (MCNs). Other uncommon cysts 
include solid pseudopapillary neoplasms, cystic pancre-
atic neuroendocrine tumors, pancreatic ductal adeno-
carcinomas (PDACs) with central necrosis and fluid 
that may appear cystic, and rare cystic neoplasms. Neo-
plastic cysts have distinct features and variable potential 
to degenerate into PDACs.

SCAs and MCNs are much more common in middle-
aged women and generally occur in the pancreatic body 
and tail. The SCAs are generally benign, slow-growing 
neoplasms characterized by numerous small cysts with 
a central scar with or without calcifications. Cyst fluid 
is thin, with low levels of amylase and tumor markers. 
The lesions are usually asymptomatic, but can grow 
into large masses, up to 25 cm. MCNs typically have 
thick-walled multilocular cysts with a thick pseudocap-
sule that can grow to 35 cm. The mucinous cyst fluid 
is viscous, with low amylase levels and high CEA tumor 
marker levels. About two thirds are benign, and one 
third have early or invasive PDAC within them.

IPMNs develop within the main pancreatic duct, 
causing main duct dilation or side ducts where they 
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Cystic pancreatic neuroendocrine tumors are also rare, 
are seen equally in men and women, and are managed 
as neuroendocrine tumors.

Cysts should be surgically removed if they are 
becoming cancerous. Fortunately, most small cysts are 
retention cysts, which are upstream dilatations of a 
small branch of the pancreatic duct that become 
blocked, or small, benign IPMNs, typically occurring 
in older patients. Danger signs include larger and/or 
growing cyst sizes, mural nodules, suspicious cytology, 
molecular markers for cancer genes such as KRAS, 
GNAS, VHL, TP53, PIK3CA, PTEN, or AKT1 muta-
tions, or other symptoms. Patients in high-risk families 
raise higher levels of concern. Decisions are made on a 
case-by-case basis.
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well encapsulated. Metastases, most commonly to the 
liver or lymph nodes and to distant organs, may develop. 
Malignant lesions show irregularity of the cells, mitoses, 
and invasion of the capsule. (The microscopic section 
is taken from a metastasis in the liver.) Multiple endo-
crine tumors may be part of autosomal dominant mul-
tiple endocrine neoplasia type 1 (MEN-1) syndrome, with 
tumors of the anterior pituitary, parathyroid, and endo-
crine pancreas.

Hormonal syndromes related to functioning pancre-
atic neuroendocrine tumors include hypoglycemia from 

malignant tumors: soliD 
tumors (exocrine anD 
enDocrine neoplasms)

Malignant tumors of the pancreas are not rare, with an 
“incidence” of 12.3 per 10,000 patient-years. These 
include acinar or duct cell carcinomas, neuroendocrine 
carcinomas, mesenchymal neoplasms, and others.

Exocrine tumors are the most common type of pan-
creatic cancers, with the vast majority being pancreatic 
ductal adenocarcinomas (PDACs) (see Plate 3-19). 
Acinar cell carcinomas are much less common, typically 
developing in patients in their fifties, and slightly more 
commonly in men than women. Although the symp-
toms are usually nonspecific, such as weight loss, 
abdominal pain, and nausea and vomiting, a subset of 
patients secrete high levels of lipase that produce a 
syndrome of arthralgias, eosinophilia, and subcutane-
ous fat necrosis.

Although adenocarcinomas are solid tumors, they can 
arise from cystic lesions, including intraductal papillary 
mucinous neoplasms (IPMNs), mucinous cystic neo-
plasms (MCNs), or, rarely, serous cystadenomas (SCAs) 
(see Plate 3-17). The plate illustrates an adenocarci-
noma arising from an MCN, which may occur in up to 
a third of cases over time. The symptoms of MCNs are 
those of an increasing tumor mass in the region of the 
pancreas. Patients may present with abdominal pain, 
acute or recurrent acute pancreatitis, a palpable mass, or 
an incidental finding on an abdominal imaging study. 
This type of tumor appears as an irregular, lobulated 
cystic tumor, often blue-red in color. On cross-section, 
it appears multiloculated, of irregular size and shape, 
and with a thick cellular wall. Microscopic section discloses 
the cellular nature of the tumor, with flat to papillary 
infolding of the tumor lining of the cyst and invasion of 
the fibrous wall by tumor cells. Solid masses of tumor 
cells may also be seen, as well as cystic structures lined 
by irregularly shaped tumor cells. Metastases arise most 
commonly in the lymph nodes and liver and, less often 
and much later, in more distant organs. (The figure 
illustrates a liver metastasis.) Adenocarcinoma may also 
arise from IPMNs, with risk of malignancy of the main 
duct at 40% to 50% and branch duct at 20% to 40%.

Solid pseudopapillary tumors are rare neoplasms that 
typically occur in women in their thirties. Like MCNs, 
they can grow to a large size and produce symptoms 
such as abdominal pain or a palpable mass. The large 
tumors may have areas of necrosis and cystic degenera-
tion, resulting in a heterogeneous appearance on 
abdominal imaging. The tumor biology is unique, with 
the majority of cases having mutations in the beta-
catenin gene, resulting in loss of E-cadherin expression. 
About 20% of these tumors degenerate into malignant 
carcinomas. Surgery is the treatment of choice; the 
5-year survival rate is over 90%.

Pancreatic neuroendocrine tumors and carcinomas 
arise from the endocrine cells of the pancreas. They 
may secrete a variety of peptide hormones, though only 
a minority cause a hormonal syndrome. Their malig-
nant potential is mainly determined by their size, 
degree of local invasion, and pattern of cellular differ-
entiation. Like the benign neuroendocrine tumors, 
malignant tumors of this type are relatively more fre-
quent in the tail and body than in the head and are not 
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insulinomas, peptic ulcer disease from gastrinomas,  
and secretory diarrhea from VIPomas. Treatment  
for advanced disease includes somatostatin analogs,  
systemic chemotherapy, and/or molecularly targeted 
therapies.

Mesenchymal neoplasms of the pancreas (not illus-
trated) are rare. These include lipomas, various types of 
sarcomas, schwannomas, hamartomas, fibrous tumors, 
and others. They represent a larger fraction of tumors 
in children than in adults, because PDAC is rare in 
children.
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Pancreatic ductal adenocarcinoma (PDAC) remains among 
the most feared of all cancers because it is difficult to 
detect, tends to metastasize early, and is resistant to 
treatment. Overall, PDAC is the third leading cause of 
cancer deaths in the United States. The most common 
site of PDAC development is the pancreatic head, where 
over 40% of the cancers are found. About 20% are 
diffuse, and the remaining cancers are found in the 
body and tail. The lifetime probability of developing 
pancreatic cancer is now similar in men and women at 
1.5%, with over 90% of these individuals dying in  
less than 5 years. The average age of diagnosis is about 
71 years.

PDAC tumors are firm and infiltrating into sur-
rounding tissue. The microscopic appearance includes 
tumor cells that have high rates of mitosis, form tubular 
elements, and produce mucin. Tumor cells are sur-
rounded by a dense, fibrotic stroma termed the desmo-
plastic reaction, and generate an irregular, heterogeneous, 
and infiltrative growth pattern, areas of necrosis, and 
frequent perineural invasion.

The most common symptom is pain, which occurs in 
about 85% of cases. The pain can be aching, boring, or 
nauseating, and typically locates to the mid or upper 
abdomen and midback. Weight loss occurs before the 
diagnosis is made in about the same percentage of cases; 
this unintended weight loss can be extreme. Other 
common signs are fatigue and loss of appetite. Painless 
jaundice, with or without a dilated gallbladder (Cour-
voisier sign), which resulted from obstruction of the 
common bile duct was previously a common presenting 
sign, especially for ampullary tumors. Other signs of a 
blockage of the common bile duct are skin and eyes 
turning yellowish (jaundice), dark-colored urine, and 
light-colored stool. Temporary or long-lasting relief  
of common bile duct obstruction can be achieved by  
the placement of a plastic stent or self-expanding  
metal stent.

Researchers using molecular pathology and geneti-
cally engineered mice established the sequence of 
events leading to PDAC, which is a combination of 
genetic alterations that cause cells to have unregulated 
growth and resistance to death. The first mutation is 
typically KRASG12D, which can be perpetually activated 
by pancreatic inflammation. Additional mutations, 
especially loss-of-function mutations in the tumor sup-
pressor CDKN2A (p16) and then TP53 (p53), SMAD4, 
BRCA2, cause progression to cancer. Some families 
have germline mutations in cancer-susceptibility genes 
that accelerate the sequence of events leading to PDAC.

There are three major precursor lesions that may 
lead to development of an invasive PDAC: pancreatic 
intraepithelial neoplasias, intraductal papillary muci-
nous neoplasms (IPMNs), and mucinous cystic neo-
plasms (MCNs). Although cystic lesions (IPMNs and 
MCNs) are responsible for only a minority of PDACs, 
improvements in abdominal imaging techniques have 
increased the incidental finding of these lesions, thereby 
identifying a population of patients with known prema-
lignant lesions of the pancreas (see cyst and benign 
tumors).

Tumors in the head of the pancreas can also obstruct 
the main pancreatic duct and prevent pancreatic diges-
tive enzymes from reaching the intestinal lumen, 

causing maldigestion, and block the common bile  
duct, causing jaundice. Patients may develop tumor-
associated diabetes mellitus up to 2 years prior to the 
diagnosis of cancer.

Surgery is the best treatment for PDAC if the  
cancer is diagnosed prior to metastasis. Surgery is well 
tolerated, especially when done using minimally inva-
sive techniques. Abdominal imaging is critical for diag-
nosing, staging, and monitoring disease progression, 
whereas serum biomarkers, such as CA 19-9 levels, are 
more commonly used to monitor the response to treat-
ment. A high-resolution CT scan with intravenous con-
trast is a common approach for diagnosing and staging 

PDAC. MRI is useful, especially in the surveillance of 
patients with cystic lesions. Endoscopic ultrasound is 
valuable for diagnosis, both for inspection of the pan-
creas and adjacent lymph nodes but also for fine-needle 
aspiration of suspicious lesions for cytologic analysis.

Patients with PDAC often have unrecognized meta-
static disease, so chemotherapy is typically given before 
surgery (neoadjuvant chemotherapy). A new form of 
combination chemotherapy using oxaliplatin, irinote-
can, leucovorin, and 5-fluorouracil (FOLFIRINOX) 
appears to be more active against metastatic PDAC 
than previous forms of chemotherapy, so that survival 
rates continue to improve.
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malignant tumors: 
Histology, metastases

Carcinoma of the pancreas varies a great deal on patho-
logic examination. It may be a small, localized tumor 
completely obstructing the common bile and pancreatic 
ducts, or it may be a large, pale-white, hard tumor mass, 
filling much of the head of the pancreas but still remain-
ing well localized. When discovered, those in the body 
and tail are usually extensive, with peritoneal involve-
ment and extension to other sites. Because of the close 
contact with the duodenum and the lymphatic connec-
tion, invasion of the duodenum with large tumors is so 
common that it may be impossible to determine which 
site was the primary site. Extension via the perineural 
lymphatics occurs early and may partially explain the 
early appearance of pain in carcinoma of the pancreas. 
The extensive lymphatic drainage and its quick involve-
ment by the cancer explains, at least in part, the diffi-
culty in obtaining cure by feasible extent of resection. 
Extension beyond the peripancreatic lymphatics involves 
the regional nodes along the common duct, the peri-
aortic nodes, the liver, and, via the gastric nodes, the 
mediastinum and neck. Direct spread also takes place to 
the stomach, colon, spleen, and kidney, and erosion 
through the surface of the gland and overlying perito-
neum permits seeding of either the lesser or general 
peritoneal cavities. The pancreatic ducts are the most 
frequent site of origin of the cancer, which explains the 
increased occurrence of the disease in the head and the 
frequent obstruction of the main duct even by small 
tumors.

Microscopically, pancreatic malignant tumors are 
primarily adenocarcinomas of several types: tubular, 
colloid, undifferentiated carcinoma, undifferentiated 
carcinoma with osteoclast-like giant cells, adenosqua-
mous carcinoma, and medullary tumors. The well-
differentiated tubular adenocarcinoma grows as irregular 
ductlike or glandular structures formed by one or more 
layers of cuboidal or columnar cells, separated by  
abundant fibrous tissue. At times, these may be difficult 
to distinguish from chronic pancreatitis (see Plate 
3-16). Colloid adenocarcinomas have neoplastic epithe-
lial cells suspended in large pools of extracellular mucin, 
and are associated with IPMNs. Undifferentiated car-
cinomas are irregular masses of cells which vary con-
siderably in size, shape, and staining qualities. The 
nuclei are usually hyperchromatic, with large nucleoli 
and frequent mitoses. In undifferentiated carcinoma 
with osteoclast-like giant cells, the tumors contain large 
benign-appearing multinucleated giant cells mixed with 
atypical neoplastic mononuclear cells. These tumors 
are aggressive and the prognosis is poor. Adenosqua-
mous carcinomas are rare, exhibiting both glandular 
and squamous differentiation. Like undifferentiated 
carcinomas, the prognosis is very poor. Medullary carci-
noma grows in solid sheets and banks of cells, arranged 
in a haphazard manner but rather uniform in size, 
shape, and staining quality. In some areas they form 
ill-defined acini and typically have many intratumoral 
lymphocytes. These tumors are linked to familial cancer 
syndromes, and have a better prognosis than other 
adenocarcinomas.

Metastases from carcinoma of the pancreas to 
distant organs other than by lymphatic spread are, in 
order of frequency, the liver, lungs, intestine, suprarenal 
glands, bone, diaphragm, gallbladder, kidney, heart, 

mediastinum, bladder, ovary, and muscle, skin, or sub-
cutaneous tissue.

Metastases to the pancreas from other organs have 
received little attention. They occur with some fre-
quency and, at times, may cause difficulty in the dif-
ferential diagnosis between primary and metastatic 
cancer. In recent case series, metastases to the pancreas 
were most commonly from primary malignancy of the 
kidney, from melanomas, from the ovary or colon, and, 
rarely, from sarcomas.

The pancreas is frequently invaded by direct exten-
sion of a carcinoma in the stomach, kidney, colon, duo-
denum, major papilla, and common bile duct, in which 
case the original tumor may actually arise in an intra-
pancreatic position. Lymphatic tumors such as Hodgkin 
disease or lymphoma, involving the regional lymph 
nodes, may also extend directly into the pancreas. 
These instances of direct extension can be easily under-
stood from the topographic relationships between the 
organs.
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