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FOREWORD

It is a particular pleasure to be asked to provide a foreword for Anil Ahuja’s timely contribution to the literature. I have
long maintained that ultrasound is one of the most difficult of all imaging techniques, largely because the only person who can
really assess the clinical problem is the operator who performed the study! Because of this it is critical that all those carrying out
ultrasound are trained to an appropriate level. This book will help such training and provide a constant source of reference for
workers faced with an unexpected lesion.

It is also pleasing to see a comprehensive text on ultrasound being developed at a time when many people wish to be
trained in just one particular clinical subspecialty. While a musculoskeletal radiologist may become extremely competent in
musculoskeletal ultrasound, there is still a pressing need for experts to be able to cover the whole range of ultrasound procedures.
They will be the only people to advise on such developments as probe technology, ultrasound contrast agents, etc. There is no
certainty that a patient presenting with a problem seemingly related to one body system may not have a lesion in another! Hence
the importance of being able to switch from ultrasound of the hip to ultrasound of the iliac fossa. This book will assist such a
comprehensive ultrasound approach.

With the rapidly increasing technical specifications of ultrasound machines and relative reduction in costs, it is not at
all improbable that every ward of a hospital might soon “own” their own ultrasound machine. Indeed, in time, a personal
ultrasound machine may become even more important than a stethoscope! These developments mean that ultrasound will have
to be learned by a larger range of personnel and supervised to appropriate standards. This book will help all those participating
in the wider scheme of ultrasound training. It will also be of enormous use to radiologists learning the technique and studying
for postgraduate examinations.

The authors and the publisher have all done a superb job in making this book so attractive. | strongly believe that it will
become the essential ultrasound text book and that Anil Ahuja’s name will, as a result, become even more widely recognized
within enlightened ultrasound departments. Congratulations to all.

Adrian K. Dixon, MD, FRCR, FRCP, FRCS, FMedSci
Professor of Radiology

University of Cambridge

Honorary Consultant Radiologist

Addenbrooke’s Hospital

Cambridge, United Kingdom
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PREFACE

I have been fortunate to know Drs. Ric Harnsberger & Anne Osborn. What started as an academic relationship has over
the years developed into a close friendship. 1 am privileged to have been asked to undertake this project and it is their vision,
enthusiasm, and support that has helped me accomplish this task.

This book is unique in the Diagnostic Imaging series as it deals with a modality rather then a clinical specialty such as
Head & Neck or Neuroradiology. Its scope is therefore wide, but this book is limited to clinical conditions that general
sonologists, radiologists, clinicians, & residents commonly encounter in routine practice. The discussion of the role of ultrasound
in Obstetric & Pediatric imaging has been restricted as these have been dealt with separately in other books in the Diagnostic
Imaging series.

Although it is a book on ultrasound, you will find information & images from other modalities. In this era of
multimodality imaging, techniques complement each other in diagnosis & management of patients. It is therefore essential to be
familiar with the role of ultrasound in relation to other modalities. Fach diagnosis contains common imaging appearances, basic
pathology, treatment options and prognosis. The section introductions contain relevant information on anatomy, practical tips,
technical parameters for optimal scanning. The protocol section includes indications where other imaging modalities may be
necessary. The image annotation & key facts box crystallize relevant information and are ideal for those with short attention
spans.

This book would not have been possible without the help of friends (authors and contributors) from various parts of
the world. They have been generous with their images, expertise, time and patience, and 1 remain forever indebted. In particular |
would like to acknowledge Dr. Chander Lulla & Prof. Ravi Ramakantan for their generosity with images and Prof. William
Zwiebel & Prof. Paula Woodward for their help in preparing the table of contents. The team from Amirsys has been superb.
Despite being in different continents & time zones they have patiently guided me along the entire process and none of this would
have been possible without their help. Lastly, on behalf of all the authors | would like to thank sonographers in our respective
departments for their dedication to this unique imaging modality.

The preparation of this book has brought members of my department closer, helped make new friendships, &
consolidate old ones. | have enjoyed the process & hope you find this book useful.

Anil T. Ahuja, MD, FRCR

Professor

Department of Diagnostic Radiology and Organ Imaging
The Chinese University of Hong Kong

Hong Kong, China
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HEPATIC SONOGRAPHY

vascular

f.:.JJrJ,‘rJ'r shows hepatic segments defined by

anatomy: 3 vertical planes along the hepatic veins & an
oblique plane along the main portal branches. Segment

! is between portal vein & IVC,

IMAGING ANATOMY

Anatomic Relationships
Liver lies in right hypochondrium (mostly protected
by rib cage), epigastrium and left hypochondrium

» Superior: Both hemidiaphragm and the undersurface
of heart

» Inferiorly: Gallbladder, porta hepatis, hepatic flexure,
second part of duodenum

» Left: Esophagus and stomach

Hlslology
» Hepatic lobules (around 1 cm) form the liver
parenchyma

* [n each lobule there is a central hepatic vein from
which branching plates of hepatocytes extend towards
the periphery

e Plates of hepatocytes are separated by hepatic
sinusoids through which portal venous blood flows
towards central hepatic vein

* Hepatocytes extract metabolites from the portal
venous blood, acting as a filter for nutrients, toxins

* Hepatocytes secrete bile into canaliculi which run
within the plates of hepatocytes and drain in an
opposite direction to portal venous blood and form
hepatic ductules and eventually bile ducts

Vasculature
Liver receives a dual blood supply from the portal vein
and hepatic artery (which explains rarity of infarction)
Intra-hepatic branches of the portal vein, hepatic
artery and bile duct run together throughout the liver
(portal triad)
e Portal vein
Receives venous blood from subdiaphragmatic part
of esophagus, stomach, small and large bowel,
gallbladder, pancreas and spleen
Forms by convergence of splenic and superior
mesenteric veins behind the neck of the pancreas
Runs within the hepatoduodenal ligament posterior
to the hepatic artery and common bile duct
Approximately 8 cm long

Transverse color Doppler  ultrasound  shows three
hepatic veins draining into the IVC B Vertical

planes defined by 3 hepatic veins divide the liver into 4

segments

Divides at the porta hepatis into the left and right
main portal veins

o Right main portal vein gives cystic vein to
gallbladder before entering right lobe of liver and
dividing

» Left main portal vein is joined by the ligamentum
teres (obliterated left umbilical vein) and
ligamentum venosum (obliterated ductus venosus)
as it enters the left lobe

Hepatic artery

> QOriginates from celiac trunk (from aorta) as the
common hepatic artery
Runs anterior to the portal vein and to the left of
common bile duct in hepatoduodenal ligament

© Divides at porta hepatis into left and right hepatic
arteries, ramifies and accompanies portal veins and
bile ducts

* Hepatic veins

© Within liver, these run separate from portal triad
Sinusoids of hepatic lobules drain into intra- and
sub-lobular veins then into hepatic veins
Typically three upper hepatic veins drain into the
IVC: Right, middle (from caudate lobe) & left

» Smaller, less consistent veins from the caudate lobe
drain directly into a lower portion of IVC

Parenchymal Segmentation
e Couinaud's classification is the most commonly used
» Segment 1 (caudate lobe) lies between portal vein &
inferior vena cava (IVC)
o Unique in that it is supplied by the right and/or left
portal vein(s), and drains directly into [VC
. ()1hu segments are produced by four dividing planes
» Vertically divided by the three planes along the
three hepatic veins
o Horizontally divided by the plane through the left
and right main portal veins
o 2: Left lateral superior segment
> 3: Left lateral inferior segment
> 4a: Left medial superior segment
» 4b: Left medial inferior segment
5: Right anterior inferior segment
> 6: Right posterior inferior segment



o 7: Right posterior superior segment
© 8: Right anterior superior segment

Ultrasound Appearance
¢ Normal liver parenchyma appears homogeneous and
composed of fine echoes
o As internal references for echogenicity
= Liver is slightly more hyperechoic than normal
renal cortex
= Liver is more hypoechoic than spleen
* Wall of hepatic vein is not resolved with ultrasound,
compared with wall of portal vein which is echogenic

Key Concepts or Questions
* Liver is a large organ and there are many potential
"blind spots" obscured by overlying anatomical
structures, most of these can be overcome with
different patient positions and interrogation planes
* Lower edge of the normal liver lies just below the
subcostal margin, providing an acoustic window for
interrogation of the liver
o This acoustic window may be lost when obscured by
bowel (with gas) and/or ribs; usually occurs if lower
edge of liver is displaced superiorly (due to cirrhosis
or a mass pushing up liver)

Imaging Approaches
* Supine, subcostal/subxiphoid
o Good for left lobe and anterior segments of right
lobe
 Right anterior oblique, subcostal
o Good for posterior segments of right lobe and for
looking behind calcified lesions
o Good for subdiaphragmatic areas and porta hepatis
(which may be obscured by anterior ribs or bowel
gas in the supine position)
= Right lateral oblique, lower intercostal
o Good for high-riding or small cirrhotic liver
o Additional view of porta hepatis if anteriorly
obscured by gas

Imaging Protocols

* Reduce bowel (gas) distention and increase gallbladder
filling with a 4-6 hour fast prior to ultrasound

¢ All segments of the liver should be interrogated for a
complete examination

= Interrogation with suspension of respiration in
inspiration helps lower the liver

e Color Doppler interrogation of the main hepatic vein
and main branches of the left and right portal vein

= Direction of flow of the main portal vein should be
stated for patients with cirrhosis/portal hypertension
o Normal portal venous flow is hepatopetal (from

other organs towards the liver)

s Color Doppler and power Doppler interrogation of

lesions

Imaging Pitfalls
* Missing liver
o Situs inversus or hepatic hernia through diaphragm

Normal Measurements
¢ [n midclavicular sagittal plane: Liver length should be
less than 15 cm
o Riedel lobe is a thin inferior extension from lateral
aspect of right hepatic lobe

Imaging Approaches
¢ Ultrasound is an inexpensive, fast, radiation-free and
mobile examination
o It is sensitive for the detection of most hepatic
lesions
o Spatial resolution of near- and mid-field hepatic
lesions is unmatched by other imaging modalities
¢ Hepatic ultrasound is limited by poor resolution of
deep structures (penetration limited by acoustic
attenuation) and inability to produce an extended
field-of-view image



HEPATIC SONOGRAPHY

Oblique color Doppler ultrasound shows the portal vein
bifurcation B This plane divides superior & inferior
hepatic segments. Note caudate lobe & fissure for
ligamentum venosum B3,

© This makes relating a hepatic lesion to the
surrounding anatomy difficult

o CT and MR may be more useful when such
problems with ultrasound arise

= For imaging work-up of suspicious hepatic lesions

o Ultrasound is good at locating the lesion and for
monitoring progress

© Real-time imaging capability of ultrasound allows
accurate guided biopsy of lesion

o Complimentary information of the lesion from CT
and/or MR helps to reduce the need for biopsy

o Intravenous ultrasound contrast agents are more
sensitive in picking up subtle lesions and also
demonstrate dynamic enhancing characteristics
similar to CECT

Imaging Protocols
» Lesions detected by ultrasound should be further
supplemented with color &/or power Doppler

Imaging Appearances of Focal Abnormalities

e Simple fluid: Through transmission (hypo-/anechoic);
posterior acoustic enhancement

* Fluid with debris: Homogeneous low level echogenic
content, fluid debris level when contents settle
o Septae may be present

* Gas: Echogenic (in non-dependent position of cavity)
and posterior ring down artifact

» Calcification: Echogenic and posterior acoustic
shadowing

Differential Diagnosis for Focal Lesions
* Hyperechoic lesion
o Fat-containing lesion
© Hemangioma, adenoma, focal nodular hyperplasia
o Hepatocellular carcinoma (HCC)
o Hyperemic/hypervascular metastasis
(gastrointestinal, ovarian, pancreatic, melanoma)
» Calcification: Infection/infestation, neoplastic,
vascular
o Hematoma
* Hypoechoic lesion

Transverse transabdominal  ultrasound  shows  the
ligamentum teres and related fissure which
separates segment 4b from 3. Note fissure extends to left
portal vein B3,

o Cystic: Simple cyst, cystic neoplasm/metastases
(ovarian, stomach, pancreas, colon)
> Fluid containing: Hydatid cyst, hematoma, abscess
or necrotic neoplasm
* Lesion with internal septae
o Cystic metastasis
o Complicated simple cyst: Infection or hemorrhage
into simple cyst
o Infective collection: Pyogenic abscess, amebic
abscess, hydatid cyst
o Cavernous hemangioma, biliary cystadenoma,
hepatic hamartoma
e Venous invasion
o HCC
e Infiltrative lesion
o HCC, lymphoma

EMBRYOLOGY

Embryologic Events
e Perinatal circulatory changes
o In utero, blood returns from placenta via umbilical
vein & ductus venosus to IVC
o Umbilical vein is obliterated & forms ligamentum
teres (free-edge of falciform ligament) after birth
Ductus venosus is obliterated & forms ligamentum
venosum after birth

Practical Implications
e Circulatory/ligamentous structures
Portal hypertension may result in re-canalization of
previously obliterated vessels as collaterals
o Abscess and biloma may insinuate along these
tissue/ligamentous planes

|RELATED REFERENCES

1. Gray's Anatomy: The Anatomical Basis of Clinical Practice.
Editor-in-Chief Susan Standring. 39th Ed. Elsevier, 2005



HEPATIC SONOGRAPHY

IMAGE GALLERY

(Left) Transverse color
Doppler ultrasound shows a
recanalized umbilical vein
channeling blood from the
portal B3 to the systemic
circulation. (Right)
Transverse transabdominal

(from ligamentum teres)

ultrasound shows the
gallbladder &IVCER A
line joining these two
structures represents the
division between the left
(segment 4b) and right
(segment 5) lobes of liver.

(Left) Transverse
transabdominal ultrasound
shows the portal vein B3
common bile duct and
hepatic artery in the
hepatoduoden
(Right) Oblique
transabdominal ultrasound in

gament

the right anterior oblique
position is good for
interrogating right upper
segments B Subcostal
aions may still be obscured

(Left) Oblique
transabdominal ultrasound
using an intercostal
approach shows the upper
part of the liver better,
especially in high-riding or
cirrhotic livers. \le"'fl'.."-’ ial
regions are also better seen
E3 (Right) longitudinal
transabdominal ultrasound
shows the right kicney is
normally slightly hypoechoic
compared to the liver B3
The kidney is used as
internal standard for
echogenicity.




ACUTE HEPATITIS

Oblique  transabdominal  ultrasound  shows  diffuse

hypoechoic liver parenchyma in acute viral
hepatitis. Against this, portal triad walls stand out as
echogenic foci ("starry-sky" ).

I TERMINOLOGY

Definitions
* Nonspecific inflammatory response of liver to various
agents

[IMAGING FINDINGS

General Features
e Best diagnostic clue
Acute viral hepatitis on US
= "Starry-sky" appearance: 1 Echogenicity of portal
triads against hypoechoic liver
= Hepatomegaly and periportal lucency (edema)
* Location: Diffusely; involving both lobes
* Size
o Acute: Enlarged liver
© Chronic: Decrease in size of liver
e Other general features
Leading cause of hepatitis is viral infection
o In medical practice, hepatitis refers to viral infection
Viral hepatitis

Oblique transabdominal ultrasound shows decreased
echogenicity of liver parenchyma in acute hepatitis
which becomes similar to that of kidney and spleen.

= Infection of liver by small group of hepatotropic
viruses
= Stages: Acute, chronic active hepatitis (CAH) and
chronic persistent hepatitis
= Responsible for 60% of cases of fulminant hepatic
failure in US
o Alcoholic hepatitis: Acute and chronic
© Nonalcoholic steatohepatitis (NASH)
= Significant cause of acute and progressive liver
disease
= May be an underlying cause of cryptogenic
cirrhosis
o Imaging of viral/alcoholic hepatitis done to exclude
= Obstructive biliary disease/neoplasm
= To evaluate parenchymal damage noninvasively

Ultrasonographic Findings
e Grayscale Ultrasound
o Acute viral hepatitis
= Hepatomegaly with diffuse decrease in
echogenicity

DDx: Acute Hepatitis
= -'

Infiltrative HCC

Fatty Liver




ACUTE HEPATITIS

Imaging Findings

e Acute viral hepatitis

* Hepatomegaly with diffuse decrease in echogenicity

* Splenomegaly and hepatic echogenicity diffusely
becoming similar to spleen and renal cortex (normal
liver is more echogenic than spleen and renal cortex)

» "Starry-sky" appearance: Increased echogenicity of
portal triad walls against hypoechoic liver

* Periportal hypo-/anechoic area (hydropic swelling of
hepatocytes)

* Thickening of GB wall; hypertonic GB, nontender

= Increase in echogenicity of fat in ligamentum
venosum, falciform ligament, periportal tissues

* Chronic active viral hepatitis

 Increased echogenicity of liver

Key Facts

» "Silhouetting" of portal vein walls (loss of definition
of portal veins)

¢ Heterogeneous parenchymal echotexture due to
regenerating nodules

* Adenopathy in hepatoduodenal ligament

* Best imaging tool: Ultrasound to rule out biliary
obstruction or other hepatic pathology

Top Differential Diagnoses

« Infiltrative Hepatocellular Carcinoma (HCC)
* Diffuse Metastases or Lymphoma

e Steatosis (Fatty Liver)

Diagnostic Checklist

¢ Ruling out other causes of "diffuse hepatomegaly"

* Two most consistent findings in acute hepatitis:
Hepatomegaly and periportal edema

= Splenomegaly and hepatic echogenicity diffusely
becoming similar to spleen and renal cortex
(normal liver is more echogenic than spleen and
renal cortex)
= "Starry-sky" appearance: Increased echogenicity of
portal triad walls against hypoechoic liver
= Periportal hypo-/anechoic area (hydropic swelling
of hepatocytes)
= Thickening of GB wall; hypertonic GB, nontender
= [ncrease in echogenicity of fat in ligamentum
venosum, falciform ligament, periportal tissues
o Chronic active viral hepatitis
= Increased echogenicity of liver
= "Silhouetting" of portal vein walls (loss of
definition of portal veins)
= Heterogeneous parenchymal echotexture due to
regenerating nodules
= Adenopathy in hepatoduodenal ligament
o Acute alcoholic hepatitis
= Hepatomegaly with diffuse increase in
echogenicity
o Late stage of alcoholic hepatitis
= Atrophic liver with micronodular cirrhosis

CT Findings
* NECT
o Acute viral hepatitis
= Hepatomegaly, gallbladder wall thickening
= Periportal hypodensity (fluid/lymphedema)
o Chronic active viral hepatitis
= Lymphadenopathy in porta hepatis/gastrohepatic
ligament and retroperitoneum (in 65% of cases)
= Hyperdense regenerating nodules
o Acute alcoholic hepatitis
= Hepatomegaly
= Diffuse hypodense liver (due to fatty infiltration)
= Fatty infiltration may be focal/lobar/segmental
o Chronic alcoholic hepatitis
= Mixture of steatosis and early cirrhotic changes
= Steatosis: Liver-spleen attenuation difference will
be less than 10 HU
= Normal liver has slightly t attenuation than
spleen

o Nonalcoholic steatohepatitis (NASH)
= [ndistinguishable from alcoholic hepatitis
o CECT
o Acute and chronic viral hepatitis
= + Heterogeneous parenchymal enhancement
o Chronic hepatitis: Regenerating nodules may be
isodense with liver

MR Findings
e Viral hepatitis
o Increase in T1 and T2 relaxation times of liver
o T2WI: High signal intensity bands paralleling portal
vessels (periportal edema)
¢ Alcoholic steatohepatitis (diffuse fatty infiltration)
o T1WI in-phase GRE image: Increased signal intensity
of liver than spleen or muscle
o TIWI out-of-phase GRE image: Decreased signal
intensity of liver (due to lipid in liver)

Imaging Recommendations
* Best imaging tool: Ultrasound to rule out biliary
obstruction or other hepatic pathology

|DIFFERENTIAL DIAGNOSIS

Infiltrative Hepatocellular Carcinoma (HCC)
e Background cirrhosis
e Invasion of portal vein

Diffuse Metastases or Lymphoma

* Hepatomegaly due to diffuse infiltration

* Background vascular architecture may/may not be
distorted

e Lymphoma more common in immune-suppressed
patients
o Examples: AIDS and organ transplant recipients

Steatosis (Fatty Liver)

e Hepatomegaly

» Diffuse, patchy or focal increase in echogenicity

* Normal vessels course through "lesion”







ACUTE HEPATITIS

IMAGE GALLERY

Typical

fLeft) Oblique
transabdominal ultrasound
shows a markedly thickened
gallbladder wall B in acute
hepatitis. There is near
abliteration of the lumen
Note small amount of ascitic
fluicdd B (Right) Oblique
transabdominal ultrasound
shows splenomegaly in
acute viral hepatitis. There is
no splenic vein distension or
evidence of collaterals.

(Left) Oblique
transabdominal ultrasound
shows fh-."r'_rrll:;a-Hr-’uH:«
echogenicity of the liver
in chronic active viral
hepatitis. Portal vein walls
are difficult to define
(Right) Transverse
transabdominal ultrasound
shows lymphadenopathy
adjacent to the portal vein
in a patient with viral
hepatitis.

(Left) Transverse
transabdominal ultrasound
shows the rounded contour
B3 of hepatomegaly and
diffuse increase in
echogenicity in acute
alcoholic hepatitis. (Right)
Obligue transabdominal
ultrasound shows circhasis in
a patient with chronic viral
hepatitis. Note atrophic liver
hordered by ascites &4
Note hr'fi'm;gr’ru'uuk J’H--I;MI.":

echo pattern




CIRRHOSIS, HEPATIC

I TERMINOLOGY

Longitudinal transabdominal ultrasound shows a small
right he ';]‘h'.'} lobe with coarsened echotexture and
increased echogenicity. The liver is surrounded by

ascites

Definitions

L]

Chronic liver disease characterized by diffuse
parenchymal necrosis with extensive fibrosis and
regenerative nodule formation

'IMAGING FINDINGS

General Features

Best diagnostic clue: Nodular contour, coarse
echotexture +/- hypoechoic nodules
Location: Diffuse liver involving both lobes
Size: General atrophy with relative enlargement of the
caudate/left lobes
Key concepts
Common end response of liver to a variety of insults
and injuries
Classification of cirrhosis based on morphology,
histopathology and etiology
o Classification
= Micronodular (Laennec) cirrhosis (< 1 cm
diameter): Alcoholism (60-70% cases in US)

Oblique transabdominal wltrasound shows
macronodular  cirrhosis with

heterogeneous nodules.

multiple  solid

= Macronodular (postnecrotic) cirrhosis: Viral
hepatitis (10% in US; majority of cases worldwide)
= Mixed cirrhosis
o Alcohol abuse is most common cause in West;
hepatitis B in Asia
> One of 10 leading causes of death in Western world
(6th in US)

Ultrasonographic Findings
* Grayscale Ultrasound
o Nodular liver surface contour
o Hepatomegaly (early stage)/normal size/shrunken
o Enlarged caudate lobe & lateral segment of left lobe
» Atrophy of right lobe & medial segment of left lobe
Increased echogenicity of fissures & portal structures
o Coarsened echotexture, increase parenchymal
echogenicity
> Associated signs of fatty infiltration
o Regenerating nodules (siderotic)
= [so-/hypoechoic nodules (regenerating nodules)
= Hyperechoic rim (surrounding fibrosis)
o Dysplastic nodules (> 1 cm)
= Considered to be pre-malignant

DDx: Cirrhosis

Diffuse Mets




CIRRHOSIS, HEPATIC

Key Facts

Imaging Findings

* Best diagnostic clue: Nodular contour, coarse
echotexture +/- hypoechoic nodules

Hepatomegaly (early stage)/normal size/shrunken
Enlarged caudate lobe & lateral segment of left lobe
Atrophy of right lobe & medial segment of left lobe
Increased echogenicity of fissures & portal structures
Regenerating nodules (siderotic)

Signs of portal hypertension (PHT)

Signs of hypo-albuminemia

Top Differential Diagnoses
¢ Budd-Chiari Syndrome

e Hepatocellular Carcinoma

* Treated Metastatic Disease

Pathology

¢ Micronodular (Laennec) cirrhosis: Alcohol

¢ Macronodular (postnecrotic) cirrhosis: Viral

= Steatosis — hepatitis — cirrhosis

e Alcohol (60-70%), chronic viral hepatitis B/C (10%)
* 3rd leading cause of death for men 34-54 years

e US: Hepatitis C (cirrhosis) causes 30-50% of HCC

» Japan: Hepatitis C (cirrhosis) 70% of HCC cases

Clinical Issues

» Fatigue, jaundice, ascites, encephalopathy

* Gynecomastia and testicular atrophy in males
* Virilization in females

Diagnostic Checklist

* Rule out other causes of "nodular dysmorphic liver"

= Difficult to ditferentiate from small hepatocellular
carcinoma (HCC)
o Compression of hepatic veins
o Signs of portal hypertension (PHT)
= Portal vein (> 13 mm), splenic (> 11 mm), superior
mesenteric (> 12 mm), coronary (> 7 mm)
= Dilated hepatic & splenic arteries with increased
flow
= Splenomegaly
= Portal cavernoma (cavernous transformation of
portal vein)
= Portosystemic shunts: Lienorenal, gastrosplenic,
paraumbilical
= Ascites
o Signs of hypo-albuminemia
= Ascites
= Edematous gallbladder wall and bowel wall
Color Doppler
o Hepatic vein: Portalization of hepatic vein
= Loss of normal triphasic/flattened hepatic vein
= Turbulence if hepatic vein compressed
o Portal vein: Increased pulsatility, decreased velocity
= Hepatofugal (away from liver) flow: Not candidate
for splenorenal shunt/needs portacaval or
mesocaval shunt
o Hepatic artery: Dilatation of hepatic arteries with
increased arterial flow

CT Findings

Nodular contour & widened fissures
Atrophy of right lobe & medial segment of left lobe
Enlarged caudate lobe & lateral segment of left lobe
Regenerative nodules; fibrotic & fatty changes
Portal hypertension: Varices, ascites, splenomegaly
Siderotic regenerative nodules
o NECT: Increased attenuation due to iron content
o CECT: Nodules disappear after contrast
= Nodules & parenchyma enhance to same level
Dysplastic regenerative nodules
o NECT: Large nodules: Hyperdense (1 iron + 1
glycogen)
= Small nodules: Isodense with liver (undetected)
o CECT: Iso-/hyperdense to normal liver

e Fibrotic and fatty changes
¢ NECT
= Fibrosis: Diffuse lacework, thick bands & mottled
areas of decreased density
= Fatty changes: Mottled areas of low attenuation
o CECT
= Fibrosis: Less evident due to enhancement to same
degree of liver
= Confluent fibrosis: May show delayed persistent
enhancement
= Fatty changes: Areas of low attenuation

MR Findings
= Siderotic regenerative nodules: Paramagnetic effect of
iron within nodules
o TIWI: Hypointense
o T2WI: Increased conspicuity of low signal intensity
o T2 gradient-echo or FLASH: Markedly hypointense
o Gamna-Gandy bodies (siderotic nodules in spleen)
= Caused by hemorrhage (portal hypertension) into
splenic follicles
= T1 and T2WI: Hypointense
= T2 GRE and FLASH images: Markedly hvpointense
e Dysplastic regenerative nodules
o TIWI: Hyperintense compared to liver parenchyma
o T2ZWI: Hypointense relative to liver parenchyma
e Fibrotic and fatty changes
5> TIWI: Fibrosis: Hypointense; fat: Hyperintense
o T2ZWI: Fibrosis: Hyperintense; fat: Hypointense
* MR angiography
o Varices: Tortuous structures of high signal intensity

Imaging Recommendations
= Best imaging tool: Grayscale and color ultrasound

[DIFFERENTIAL DIAGNOSIS

Budd-Chiari Syndrome

e Liver damaged, but no bridging fibrosis

* Occluded or narrowed hepatic veins £ IVC
* Collateral vessels extending to capsule

* Ascites
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CIRRHOSIS, HEPATIC

e Acute phase: Hepatomegaly, hemorrhagic infarct

* Chronic phase: Fibrosis (post-infarct), "large
regenerative nodules’, collaterals

* Caudate lobe sparing (enlargement)

Hepatocellular Carcinoma
* Hypoechoic lesion within cirrhotic liver
e Portal vein thrombosis/invasion

Treated Metastatic Disease
e Example: Breast cancer metastases to liver
© May shrink and fibrose with treatment
o Simulating nodular contour of cirrhotic liver

Hepatic Sarcoidosis

* Systemic noncaseating granulomatous disorder
e Hypoattenuating nodules (size: Up to 2 cm)

* Hypointense nodules on T1 and T2WI MR

PATHOLOGY

General Features
* General path comments
o Micronodular (Laennec) cirrhosis: Alcohol
o Macronodular (postnecrotic) cirrhosis: Viral
o Catalase oxidation of ethanol — damage cellular
membranes & proteins
o Cellular antigens - inflammatory cells - immune
mediated cell damage
o Steatosis — hepatitis — cirrhosis
o Regenerative (especially siderotic) nodules —
dysplastic nodules - HCC
= Dysplastic nodules considered premalignant
e Ltiology
Alcohol (60-70%), chronic viral hepatitis B/C (10%)
Primary biliary cirrhosis (5%)
Hemochromatosis (5%)
> Primary sclerosing cholangitis, drugs, cardiac causes
o Malnutrition, hereditary (Wilson), cryptogenic
In children: Biliary atresia, hepatitis, @-1 antitrypsin
deficiency
* Epidemiology
> 3rd leading cause of death for men 34-54 years
o Risk of HCC
= US: Hepatitis C (cirrhosis) causes 30-50% of HCC
= Japan: Hepatitis C (cirrhosis) 70% of HCC cases
= 2.5x higher in cirrhotic hepatitis B positive
= Alcohol & primary biliary cirrhosis: 2-5 fold t risk
o Mortality due to complication
= Ascites (50%), variceal bleeding (25%), renal
failure (10%), bacterial peritonitis (5%),
complications of ascites therapy (10%)

Gross Pathologic & Surgical Features
¢ Alcoholic cirrhosis
o Early stage: Large, vellow, fatty, micronodular liver
o Late stage: Shrunken, brown-yellow, hard organ
with macronodules
* Postnecrotic cirrhosis
o Macronodular (> 3 mm - 1 ¢cm); fibrous scars

Microscopic Features
¢ Portal-central, portal-portal fibrous bands

2 0 0 00

e Micro & macronodules; mononuclear cells
* Abnormal arteriovenous interconnections

CLINICAL ISSUES

Presentation
* Most common signs/symptoms
o Alcoholic cirrhosis: May be clinically silent (10-40%
found at autopsy)
o Nodular liver, anorexia, malnutrition, weight loss
» Portal hypertension: Splenomegaly, varices, caput
medusae
o Fatigue, jaundice, ascites, encephalopathy
o Gynecomastia and testicular atrophy in males
o Virilization in females
e Clinical Profile: Patient with history of alcoholism,
nodular liver, jaundice, ascites & splenomegaly
* Lab data: Abnormal liver function tests; anemia
o Alcoholic cirrhosis: Severe increase in AST (SGOT)
o Viral: Severe increase in ALT (SGPT)

o

Demographics
e Age: Middle and elderly age group
¢ Gender: Males more than females

Natural History & Prognosis
e Complications
o Ascites, variceal hemorrhage, renal failure, coma
o HCC: Due to hepatitis B, C and alcoholism
* Prognosis
o Alcoholic cirrhosis: 5 year survival in less than 50%
o Advanced disease: Poor prognosis

Treatment

e Alcoholic cirrhosis
o Abstinence; decrease protein diet; multivitamins
o Prednisone; diuretics (for ascites)

* Management limited to treating complications &
underlying cause

* Advanced stage: Liver transplantation

' DIAGNOSTIC CHECKLIST

Consider
e Rule out other causes of "nodular dysmorphic liver"

Image Interpretation Pearls
e Nodular liver contour; lobar atrophy & hypertrophy
= Regenerative nodules, ascites, splenomegaly, varices
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IMAGE GALLERY

(Left) longitudinal
transabdominal ultrasound
shows small right hepatic
lohe with nodular surface B2
highlighted by the
surrounding ascites. Note
coarsened echotexture of
.'.UH'J'T”HJFE“I.H [ n'l'JI’f."'n"
(Right) Transverse NECT
shows a magnified left
hepatic lobi
irregular surface contour.
The heterogeneity and
nodularity of the cirrhotic
liver parent hvma is subtle

with

(Left) Transverse
transabdominal ultrasound
shows a well-defined
hypoechoic nodule ina
cirrhotic liver. This is the
typical appearance of a
regenerative nodule. (Right)
Oblique transabdominal
ultrasound shows a 2 cm

hypoechoic nodule
cirrhotic liver, Its large size
was suspicious and

Nuh\e'rlrm it i Py showed it
to be a dysplastic nodule

(Left) Longitudinal
transabdominal ultrasound
shows an enlarged caudate
lobe « f:rrrlr}.m‘{.l' to the
atrophic medial segment of
left lobe B fR.fth Oblicuie
transabdominal ultrasound
shows a hemangioma
mmic .'l\_r]' I'IE_: o It '_’_JI"”! 'f\JI'fr?_S_'
nodule in a cirrhotic liver
Superimposed steatosis
increased the ec hrn_:"e'.'.'.fc 1y
and caused acoustic
attenuation
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(Left) Oblic Jue
transabdominal ultrasound
allbladder

ma

shows diffuse g
wall thickenir
cirrhotic patient, related to

hypo-albuminemia or poor
venous drainage. (Right)
Oblique transabdominal
ultrasound shows loops of
small bowel with thickened
walls B floating within
ascitic fluid B Mural
edema may be due to portal

j]\!]r‘.’{l’”\f‘l M or
hypo-albuminemia.

(Left) Oblique
transabdominal ultrasound
shows chronic ascites in a
cirrhotic patient. Note fibrin
strancls unning through
the fluid. (Right) Oblique
transabdominal ultrasound
shows splenomegaly (16 cm
between B2) and splenic
varices due to portal
hypertension

(Left) Oblique
transabdominal ultrasound
shows recanalization of the
paraumbilical vein =
which acts as a
portosystemic collateral to

( riJJJ;J{'{J\.rIr' lor !]f”;.il‘
hypertension. (Right)
Longitudinal color Doppler
ultrasound shows flow in
ectatic recanalized
paraumbilical veins as a
result of portal hypertension.
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A

SPLEEN

(Left) Transverse CECT
shows ectatic recanalized
;J.u.mrrr."rfﬁf al vein &
previous embolization .
Cirrhotic liver has a nodular
surface B3 prominent short
gastric veins =l &
splenomegaly. (Right)
Obligue color Doppler
ultrasound shows portal

cavernoma ,

(Left) Oblique
transabdominal ultrasound
shows ectatic lienorenal
collaterals between the
spleen and superior pole
of the left kidney EE2. (Right)
( JJ’:.I'.ftIrer' color HrJJrJI,'n’i o
ultrasound shows flow
within the lienorenal
collaterals (demonstrated in
the prey fous Image) between
the spleen and left kidney
=

(Left) Oblique color Doppler
ultrasound shows
splenomegaly with splenic
varices and gastric
collaterals B2, (Right)
Oblique color Doppler
ultrasound shows
enlargement of short gastric
veins and turbulent flow
These collaterals help
decompress portal
hypertension in a cirrhotic

liver.



