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Preface

This textbook is designed to fill
the gap between descriptions of hepatobiliary
disease in textbooks of general internal medi-
cine and large multiauthored textbooks of he-
patology. The former are too superficial and
the latter too extensive for use by gastroenter-
ology fellows and practicing gastroenterolo-
gists who do not specialize in hepatology.

In an effort to fill this gap, we have com-
prised Essentials of Clinical Hepatology. It is our
hope that this concise, relatively inexpensive
textbook will be useful to the reader seeking
the basic concepts necessary to understand and
manage common adult liver diseases. To this
end, we have made a special effort to summa-
rize relevant, new basic science data into a con-
cise, digested format that individuals who are
not basic investigators can understand. When-
ever possible, clinical applications of advance-
ments in basic science will be emphasized to
provide an enhanced understanding of patho-
physiology and pathobiology.

We have made a conscious effort to con-
clude each chapter with recent (<10 years old
if possible) selected references and to eliminate
documentary references for well-established
facts summarized in the text. It is our hope
that the reader will use this bibliography to
seek more in-depth knowledge. We hope that
the numerous tables will concisely summarize

the main facts in each chapter and enable the
reader to rapidly review the text.

Whenever possible, we have attempted to
integrate the evaluation and management of
liver disease into a concise format, with em-
phasis on pathophysiology, which should be
quite useful to practicing physicians. Finally,
the surgical principles of therapy for liver dis-
ease and liver transplantation will be presented
in a format designed to enhance understanding
by nonsurgeons. It is our hope that this book
will summarize the facts needed to practice
modern hepatology and will be especially
helpful for gastroenterology fellows, senior in-
ternal medicine residents, and practicing gas-
troenterologists.

We are deeply indebted to a number of in-
dividuals, without whom this book could not
have been written. Foremost among these is
Ms. Careen Bresee for her outstanding secre-
tarial assistance and Drs. Chris Janney and
Beth Levy for their assistance in procuring his-
tologic specimens. Finally, we thank our fam-
ilies for tolerating the long hours and many
weekends expended in preparation of this text.

Charles F. Gholson, M.D.
Bruce R. Bacon, M.D.
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1 Practical Hepatobiliary Anatomy

and Physiology

Charles F. Gholson and Bruce R. Bacon

HEPATOBILIARY ANATOMY
Gross Anatomy of the Liver and Biliary
Tree
The liver is the largest gland in the body,
weighing 1200 to 1400 g in normal females
and 1400 to 1600 g in normal males. It is de-
rived from a ventral diverticulum of the em-
bryonic foregut, which forms at 4 weeks’ ges-
tation and eventually assumes the configura-
tion of a pyramidal, bilobed dome in the right
upper abdomen. The hepatic parenchyma is
highly vascular and friable because of its com-
plex network of blood vessels that provide a
unique dual afferent blood supply derived
from the portal vein and, to a lesser extent, the
hepatic artery. Excretory ducts comprising the
biliary tree course throughout the liver parallel
to these blood vessels and convey bile into the
duodenum. The porta hepatis, on the inferior
hepatic surface, routes this complex vascular
and ductular network to and from the liver.
Finally, the hepatic veins deliver venous blood
to the vena cava. The embryonic anlagen of
these structures are highly variable, creating
complex anatomic relationships of the porta
hepatis to adjacent vital structures, which
complicate the surgical approach to and radio-
graphic evaluation of this multifaceted organ.
Viewed grossly, the entire liver is covered
by peritoneum, with the exception of the
“bare area” (dorsal right lobe) and the porta
hepatis (Fig. 1-1). Glisson’s capsule, a thin
connective tissue capsule beneath the perito-

neal envelope, covers the entire hepatic paren-
chyma and coats the portal vein, hepatic ar-
tery, and bile ducts as they enter the porta he-
patis. The diaphragmatic aspect of the liver lies
adjacent to the pleura and lungs on the right
and the pericardium on the left. The visceral
aspect 1s impressed by the right kidney, the he-
patic flexure of the colon and duodenum to the
right, and the gastric antrum to the left. The
liver is asymmetrically divided into right and
left lobes by the falciform ligament. Examina-
tion of the larger right lobe from its inferior
aspect reveals two smaller lobes: the quadrate
lobe located anteriorly and the caudate lobe lo-
cated posteriorly. Between these subdivisions
is the porta hepatis, through which the portal
vein, hepatic artery, and biliary tree enter the
liver. Occasionally the most lateral aspect of
the right lobe extends inferiorly, creating a
normal anatomic variant (Riedel’s lobe) that
must be differentiated from true hepatomeg-
aly.

Detailed studies demonstrate that these lo-
bar divisions are superficial rather than func-
tional in that they fail to correlate with major
hepatic functional subdivisions predicted by
the portal venous, hepatic arterial, and biliary
tributaries within the liver. Injection of the
right and left branches of the portal vein with
celloidin of differing colors divides the liver
into two “halves” by a plane passing inferiorly
from the inferior vena cava to the gallbladder
tossa (Fig. 1-2, A and B). The right lobe is

3
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Right Left
lobe lobe

Ligamentum
teres

Fig. 1-1 A, Gross anatomy of the ventral aspect of the liver. B, Computed to-
mography image of normal liver (curved arrow), adjacent kidneys (short arrows),
and stomach (long arrow).
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Fig. 1-1—cont’d C, Scan slightly inferior to B, showing gallbladder (short ar-
row), adjacent right lobe of liver (curved arrow), and pancreas (long arrow).

Gallbladder

Vena cava
Ligamentum teres

\I(HMJ\

Portal vein Vena cava

Fig. 1-2 A, Functional lobes of the liver. B, Inferior aspect of liver depicting
porta hepatis and functional lobes.
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further subdivided into anterior and posterior
segments, and the left lobe into medial and lat-
eral segments by the falciform ligament. Lobar
divisions of the liver may be more theoretic
than functional because internal fibrous septa
do not separate the “lobes.” Furthermore, the
vascular and biliary supplies of the various
lobes are functionally connected. Nevertheless,
these “functional lobes” are technically useful
when planning surgical resections.

The portal vein, hepatic artery, and biliary
tree enter the liver together and maintain their
association within the parenchyma to the mi-
croscopic level of the hepatic lobule, forming
the portal triads. They are ensheathed extrahe-
patically by the lesser omentum until they en-
ter the hepatic parenchyma at the porta hepa-

Right
hepatic
artery

Left
hepatic
artery

Common
hepatic
artery

tis, which is a fissure on the inferior surface of
the right lobe of the liver. As they enter, the
common hepatic duct is ventrolateral, the he-
patic artery is dorsomedial, and the portal vein
is between the two. The gallbladder and its
fossa extend ventral to the porta hepatis. The
common hepatic duct, hepatic artery, and por-
tal vein generally branch at the porta hepatis
into tributaries supplying the right and left
functional lobes. The cystic artery, perfusing
the gallbladder, usually arises from the right
hepatic artery. Anatomic variation may occur
as these vessels enter the porta hepatis.

The portal vein, formed by the confluence
of the superior mesenteric and splenic veins,
provides the majority of hepatic blood flow
(Fig. 1-3, A to D). Because the portal vein

Lateral
segment
branch

segment
branch

Fig. 1-3 A, Hepatic arterial circulation.
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Right hepatic vein .
Inferior vena cava

Middle hepatic vein
Left hepatic vein

Left portal vein,
pars umbilicalis

Left portal vein,

Right portal vein pars transversus

Fig. 1-3—cont’d B, Venous drainage. (From Campra JL, Reynolds T: The he-
patic circulation. In Arias IM, Jakoby WB, Popper H and others: The liver: biology
and pathobiology, New York, 1988, Raven Press, pp 912 and 915.). C, Celiac angio-
gram demonstrating hepatic artery (arrow). D, Venous phase of mesenteric angio-
gram demonstrating portal vein (arrow).
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Table 1-1 Common sites of
portosystemic collateral

engorgement
Location Clinical result
Squamocolumnar Esophageal varices
junctions Hemorrhoids
Enterostomy varices
Umbilicus Caput medusae
Retroperitoneum Splenic vein enlarged

Left renal vein en-
larged

Duodenal varices
Cecal varices

Ileal varices

Retroperitoneal gut
segments

Hemorrhage when
incised

Scars and adhesions

lacks valves, retrograde flow can occur in
pathologic states associated with portal hyper-
tension, engorging previously collapsed ve-
nous collaterals as blood bypasses the liver en
route to the heart. This results in pathologi-
cally dilated vascular collateral tributaries of
the portal venous bed (Table 1-1).

The most important potential collateral
channels are those that form esophageal vari-
ces. When portal venous pressure rises, as in
cirrhosis with portal hypertension, blood is re-
routed through the left gastric vein (coronary
vein) and esophageal submucosal venous col-
laterals, which enlarge as flow increases, pro-
ducing esophageal varices (Fig. 1-4). Blood
from varices eventually reaches the heart via
the azygous vein and superior vena cava.

Hepatic venous drainage begins as central
veins coalesce to form the right, middle, and
left hepatic veins, which enter the inferior vena
cava just inferior to its entrance into the right
atrium. The caudate lobe occasionally has sep-
arate drainage directly to the inferior vena
cava, accounting for relative caudate lobe hy-
pertrophy in chronic hepatic vein occlusion
(Budd-Chiari syndrome).

The biliary tree originates with the coales-

cence of intrahepatic ductules to form right
and left hepatic ducts, which combine to form
the common hepatic duct (Fig. 1-5). After it is
joined by the cystic duct, the common bile
duct courses dorsal to the duodenal bulb and
unites with the pancreatic duct to drain bile
into the duodenum through the ampulla of
Vater. The arterial supply of the biliary tree is
distinctive. The proximal common bile duct,
common hepatic duct, hepatic ducts, and ma-
jor intrahepatic ducts are supplied by branches
of the hepatic artery; whereas the distal com-
mon bile duct is supplied by branches of the
gastroduodenal artery.

There 1s marked anatomic variation in the
extrahepatic biliary tree, particularly the cystic
duct, which often joins the common hepatic
duct distally, near the duodenum. This fact
limits biliary drainage via cholecystojejunos-
tomy in patients with progressive, distal, ma-
lignant biliary obstruction. Likewise, the
union of the common bile duct with the pan-
creatic duct and the intraduodenal course of
the distal common bile duct are subject to ex-
tensive anatomic variation, accounting for dif-
ficulty when cannulating the bile duct during
endoscopic retrograde cholangiopancreatogra-
phy.

Normal Hepatic Histologic Features

The extensive vascular and biliary network of
the liver provides the structural framework for
its unique parenchymal architecture. After en-
tering the liver at the porta hepatis, the portal
vein, hepatic artery, and bile ducts subdivide
together and insinuate the liver, dividing it
into hepatic lobules, the histologic unit of he-
patic architecture (Fig. 1-6, A). Lobules consist
of roughly hexagonal columns of hepatocytes
arranged in cords radiating centripetally from
the central veins, also known as terminal he-
patic venules. The portal triads, ensheathed in
connective tissue comprising the limiting
plate, are located at the periphery of the lob-
ule. The cords of hepatocytes are flanked on
either side by sinusoids, which are the micro-
vascular circulatory units of the liver (Fig. 1-6,
B). The region between the sinusoidal endo-
thelial cell and the hepatocellular membrane is



