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Ultrasonography is often the initial modality used to evaluate patients found to have abnormal 
liver function tests (LFTs) in the emergency department. While an assessment for biliary ductal 
dilatation and obstruction remains one of the main questions to answer, radiologists should 
also be aware of the ultrasonographic appearance of other conditions that can cause abnormal 
LFTs. This may be crucial for the management and disposition of patients in the emergency 
department. This article reviews the ultrasonographic features of diseases that may cause 
abnormal LFTs.
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Key points: Ultrasonography remains the initial modality of choice in evaluating abnormal 
liver function tests in the emergency department. In conjunction with the patient’s history and 
laboratory results, ultrasonography may accurately diagnose many common diseases and can be 
used as a major problem-solver in the emergency department.
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Introduction

Liver function tests (LFTs) may be abnormal in up to 21.7% of the general population, and LFTs 
are regularly obtained to evaluate patients in the emergency department (ED) [1]. Ultrasonography 
(US) is often the first-line diagnostic modality used to evaluate hepatobiliary signs and symptoms, 
such as right upper quadrant (RUQ) pain, jaundice, and abnormal LFTs. This review summarizes the 
US appearance of conditions causing abnormal LFTs to guide radiologists and provide a diagnostic 
approach based on the US findings.  

Liver Biochemical Tests

The liver biochemistry panel, also known as LFTs, typically consists of serum levels of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-
glutamyl transpeptidase (GGT), total bilirubin, direct bilirubin, prothrombin time (PT), and albumin. 
AST, ALT, ALP, and GGT are found within hepatocytes and biliary epithelial cells, and elevation of these 
enzymes suggests damage to the liver and/or biliary epithelial tissues. The total bilirubin level is the 
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sum of indirect and direct bilirubin levels. Indirect (unconjugated) 
bilirubin is the waste product of heme metabolism, and it is taken 
up by the liver where it is converted to direct (conjugated) bilirubin 
and secreted into bile. Elevated direct bilirubin in association with 
increased ALP suggests bile flow obstruction [2]. PT and serum 
albumin levels are the only true hepatic function tests within the 
regularly used LFT panel that demonstrate the liver's synthetic 
function [3].

The Role of US in Assessing Abnormal LFTs 
in the ED

US of the RUQ is the recommended initial diagnostic imaging 
examination in patients with signs and symptoms of hepatobiliary 
disease per the American College of Radiology Appropriateness 
Criteria and the most recent Tokyo Guidelines for acute cholecystitis 

[4-6]. Using emergent US for patient triage is also recommended in 
patients with suspected hepatobiliary disease, including those with 
RUQ pain, and additional imaging can be obtained according to the 
US findings [4]. US is widely available, noninvasive, and relatively 
inexpensive; furthermore, it does not involve ionizing radiation. 
The sensitivity of US to detect acute cholecystitis was reported as 
81%, with 83% specificity, in a large meta-analysis [7]. US has 
been reported to have up to 95% sensitivity in detecting bile duct 
dilatation, 86% sensitivity in identifying the level of obstruction, and 
between 77% and 84% sensitivity in illustrating the obstructing 
cause [8-11].

The primary role of US is to identify the presence of biliary 
abnormalities (Fig. 1) [3]. If there is biliary ductal dilatation, the site 
and cause of the obstruction should be established. Biliary dilatation 
may be related to stones, primary biliary pathology, or secondary to 
extra-biliary disease. If there is no biliary duct dilatation, US can be 

Fig. 1. Diagnostic approach and framework based on ultrasonography (US) for abnormal liver function tests (LFTs) in the emergency 
department (ED).
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useful for identifying hepatic processes that may cause abnormal 
LFTs. Diffuse liver parenchymal diseases, focal liver lesions, hepatic 
vascular abnormalities, transplantation-related vascular conditions, 
and postoperative complications may result in abnormal LFTs. 

US Technique

The standard RUQ US protocol includes evaluation of the liver, 
intrahepatic and extrahepatic bile ducts, gallbladder, pancreas, 
inferior vena cava (IVC), and right kidney. A low-frequency (1-5 
MHz) curvilinear transducer is routinely used. Harmonic imaging 
has been shown to enhance the visualization of the biliary ducts 
and provide superior hepatobiliary image quality in obese patients 
[12,13]. Color Doppler imaging is typically applied to evaluate the 
patency and flow direction of the main portal vein, proper hepatic 
artery, and hepatic veins/IVC. 

Normal Biliary Anatomy on US and 
Determination of Biliary Duct Dilatation

The major left and right hepatic ducts unite at the hepatic hilum 
and form the common hepatic duct (CHD). The cystic duct and CHD 
merge to form the common bile duct (CBD). The distal CBD courses 
through the pancreatic head and empties into the second portion 
of the duodenum at the ampulla of Vater. With US, the extrahepatic 
bile ducts are commonly referred to together as the common duct 
(CD) since the cystic duct insertion is usually not well visualized (Fig. 2).

The level and etiology of the obstruction affect the pattern of 
biliary duct dilatation. Intrahepatic bile ducts are considered dilated 
if they are larger than 2 mm [14]. Dilated intrahepatic bile ducts run 
parallel to the portal veins and are known as the "parallel channel" 
sign or "double-barrel shotgun" sign [15,16] (Fig. 3). 

Extrahepatic bile ducts are usually measured at the level of the 
mid-CD, caudal to the right hepatic artery. The distal CBD near the 
ampulla is often obscured due to artifacts from bowel gas in the 
adjacent stomach or duodenum.  In general, a CD equal to or larger 
than 7 mm is considered abnormal and should be investigated to 
evaluate underlying causes of obstruction [17]. However, it should 
be noted that there are nonobstructive physiologic causes for a 
dilated CD, including advanced patient age, prior choledocholithiasis, 
prior cholecystectomy, prior sphincterotomy, previous cholangitis, 
medication (e.g., chronic opioid use), and sphincter of Oddi 
dyskinesia [18-20]. Although there are inconsistent reports about 
the relationship between bile duct diameter and aging, the upper 
limit of the CD in the elderly with an intact gallbladder is estimated 
to be up to 8.5-10 mm [21,22]. In post-cholecystectomy patients, 
a CD dilatation up to 10 mm is considered normal in the absence of 
other evidence of biliary obstruction [19]. 

Gallbladder distention is often associated with bile duct 
obstruction. In the absence of other features of acute cholecystitis or 
known history of a prolonged fasting state, marked distention of the 
gallbladder may indicate that the cause of obstruction is either at or 
distal to the confluence of the cystic duct and CHD.    

If available for review, prior imaging studies must be carefully 
assessed and compared to current imaging before making a 
determination about the acuity and clinical significance of bile duct 
dilatation. 

Conditions with Both Abnormal LFTs and 
Bile Duct Dilatation

Biliary Stone Disease
Choledocholithiasis
Choledocholithiasis is the most common cause of biliary obstruction 
[23]. Patients usually present to the ED with RUQ pain. Laboratory 
analysis of LFTs typically reveals elevated serum ALP and direct 
bilirubin levels. Patients in whom superimposed acute cholangitis 
has developed may also present with fever and leukocytosis. 

The sensitivity of transabdominal US to detect CBD stones is 
reported to be between 22% and 80% [11,24-26]. The typical 
sonographic finding is an echogenic, shadowing stone in the CBD 
with dilatation of the bile ducts proximal to the stone (Fig. 4). It 
should be noted that smaller stones (<3 mm) may not demonstrate 
acoustic shadowing and may appear only as a straight or curved 

Fig. 2. Illustration of the biliary system. It is common to refer to the 
extrahepatic biliary ducts as the common duct, which comprises the 
common hepatic duct and common bile duct because the cystic duct 
insertion is usually not visualized on ultrasonography.
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Fig. 4. Choledocholithiasis: 
a 91-year-old woman with 
abdominal pain and abnormal 
liver function tests. 
A. Grayscale ultrasonography of 
the liver demonstrates a dilated 
common bile duct (arrow). 
There are several common 
bile duct stones (arrowheads) 
with posterior shadowing. B. 
Coronal magnetic resonance 
cholangiopancreatography 
shows biliary ductal dilatation 
(arrow) and stones (arrowheads) 
throughout the common bile 
duct. 

A B

Fig. 3. Intrahepatic biliary ductal dilatation.
A. A 56-year-old woman presented with abdominal pain and abnormal liver function tests. Grayscale ultrasonography shows the "parallel 
channel" sign within the liver parenchyma that demonstrates the dilated intrahepatic bile ducts (arrow) adjacent to the portal vein branches 
(open arrow). B-D. A 71-year-old woman presented with right upper quadrant pain, jaundice, elevated liver enzymes, and direct bilirubin. 
Transverse grayscale ultrasonography (B) demonstrates the "parallel channel" sign that represents intrahepatic biliary ductal dilatation 
(circles). Contrast-enhanced axial computed tomography (C) shows diffuse intrahepatic biliary ductal dilation (arrows). Endoscopic retrograde 
cholangiopancreatography (D) shows dilated intrahepatic, right hepatic, and left hepatic ducts (arrows) with stenosis (dashed arrow) at the 
proximal common hepatic duct. The pathology was cholangiocarcinoma. 

A B

C D

http://www.e-ultrasonography.org


US evaluation of patients with abnormal LFTs in ED

e-ultrasonography.org Ultrasonography 41(2), April 2022 247

echogenic focus within the duct (Fig. 5) [24,27]. The main limitations 
of CBD stone visualization are acoustic shadowing artifacts from 
overlying bowel gas. Changing the US window and the patient’s 
positioning may help overcome these artifacts [17]. 

Smaller stones may not completely obstruct the bile duct and can 
present with a normal CBD diameter, especially in the early stages 
of choledocholithiasis [24,28]. Additionally, impacted small CBD 
stones may lack a fluid rim around them, making them even more 
difficult to appreciate [24]. Inspissated biliary sludge can also cause 
obstruction of the bile duct, but does not result in acoustic shadowing 
(Fig. 5). Magnetic resonance cholangiopancreatography is a useful 
adjunct in patients with clinically suspected choledocholithiasis in 
whom a stone is not identified on US [29,30].

Mirizzi syndrome 
Mirizzi syndrome is the phenomenon of an impacted gallstone in 
the cystic duct or gallbladder neck resulting in a mass effect on the 
adjacent CHD, leading to secondary biliary obstruction as evidenced 
by dilatation of the intrahepatic bile ducts (Fig. 6). The gallbladder is 
typically distended, and acute or chronic cholecystitis is a frequently 
associated condition.

Intrinsic Biliary Duct Strictures
Benign biliary strictures 
Up to 30% of biliary strictures are benign, with the most common 
causes being primary sclerosing cholangitis, chronic pancreatitis, 
iatrogenic strictures, ampullary stenosis, IgG4-related cholangitis, 
and HIV cholangiopathy [31]. No US feature can reliably differentiate 

Fig. 5. Small biliary stones 
and biliary sludge.
A. A  61-yea r-o ld  woman 
presented with right upper 
quadrant pain and abnormal 
l iver function tests (LFTs). 
Grayscale ultrasonography 
shows small, non-shadowing 
stones (arrows) in the dilated 
common duct. B. A 73-year-old 
man presented with epigastric 
pa in  and abnormal  LFTs. 
Grayscale ultrasonography 
demonstrates sludge (open 
arrow) in the common duct 
without posterior shadowing. 

A B

Fig. 6. Mirizzi syndrome: a 
67-year-old man with jaundice, 
right upper quadrant pain, and 
elevated bilirubin and alkaline 
phosphatase levels. 
A, B. Grayscale ultrasonography 
(A )  and  a  co r respond ing 
schematic representation (B) 
reveal common hepatic duct 
dilatation (arrow) secondary to 
extrinsic compression from an 
impacted stone (dashed arrow) 
in the distal dilated cystic duct 
(open arrow). Sludge is noted 
in the di lated cystic duct. 
There is acoustic shadowing 
(arrowheads) poster ior to 
the stone. The findings are in 
keeping with Mirizzi syndrome. 

A B

Gallbladder Gallbladder

http://www.e-ultrasonography.org


Baran Umut Vardar, et al.

248  Ultrasonography 41(2), April 2022 e-ultrasonography.org

between benign biliary strictures and malignant lesions (Fig. 7) [32]. 
However, depending on the etiology, the US findings of stricture 
may include short or long segments of irregular, circumferential bile duct 
wall thickening with multifocal sites of both narrowing and dilation [17]. 

Malignant biliary strictures
Any biliary dilatation secondary to bile duct strictures with jaundice 
should be considered malignant unless there is an apparent or 
known attributable benign etiology. Patients with malignant 
strictures may present to the ED with RUQ pain, jaundice, and 
pruritus. Elevations of total bilirubin, direct bilirubin, and ALP are 
common laboratory findings. 

Cholangiocarcinoma is an adenocarcinoma of biliary epithelial 
cells, which is the most common cause of intrinsic malignant biliary 
stricture [33]. Cholangiocarcinoma can be classified into intrahepatic, 
perihilar, and extrahepatic disease [34]. Hilar cholangiocarcinoma 
is also known as a Klatskin tumor and is the most common type 
(70%) [34]. Based on the macroscopic tumor growth pattern, 
cholangiocarcinoma can be classified into mass-forming, periductal 

infiltrating, and intraductal polypoid types. The bile ducts are usually 
dilated proximal to the lesion with abrupt narrowing at the mass 
or stricture site. Although US is not very specific in characterizing 
the mass, an ill-defined and mostly isoechoic mass can occasionally 
be observed in the mass-forming type. Bile duct thickening with 
shouldered margins is highly concerning for a malignant etiology, as 
may be seen in the periductal infiltrating type (Fig. 8). 

Extrinsic Causes of Biliary Strictures
Periampullary tumors 
Periampullary tumors include tumors of the ampulla of Vater, 
pancreas, and duodenum. Pancreatic adenocarcinoma is the most 
common type of periampullary tumor, resulting in obstruction of the 
distal CBD. These masses are typically hypoechoic and infiltrative 
tumors that arise from the pancreatic head and are generally 
hypovascular on color Doppler US. Often, simultaneous dilatation of 
the main pancreatic duct is seen (a.k.a. the double duct sign) (Fig. 9).  
Once a periampullary tumor is suspected on US, additional cross-
sectional imaging should be performed.

Fig. 8. Klatskin tumor: a 
74-year-old woman with 
jaundice and elevated liver 
function tests. 
A, B. Grayscale (A) and color 
Doppler (B) ultrasonography show 
marked dilatation of the right 
(arrows) and left hepatic ducts 
(dashed arrows) with an irregular 
mass (open arrows) in the 
common hepatic duct near the 
hilum. The biopsy was consistent 
with cholangiocarcinoma.A B

Fig. 7. Benign biliary stricture: 
a 67-year-old woman with
subacute right upper quadrant
abdominal pain and abnormal 
liver function tests.
A, B. Grayscale ultrasonography (A) 
and a coronal magnetic resonance
cholangiopancreatography (B)
demonstrate biliary duct dilatation 
(dashed arrows) proximal to a 
circumferential bile duct wall 
thickening in the distal common 
bile duct with narrowing (arrows). 
The pathology was a benign 
inflammatory stricture. 

A B
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Gallbladder carcinoma
Gallbladder adenocarcinoma is often asymptomatic until the 
advanced stages of the disease, and an initial presentation to the ED 
with jaundice is common. In its early stages, gallbladder carcinoma 
can present as a polypoid intraluminal mass or diffuse gallbladder 
wall thickening. However, the most common presentation is a large, 
ill-defined, heterogeneous, infiltrative mass replacing the gallbladder, 
often invading the adjacent liver and bile ducts, resulting in biliary 
obstruction, usually at the level of the hepatic hilum (Fig. 10).

Choledochal Cysts
A choledochal cyst is a rare congenital cystic dilatation of the 
biliary tree. Choledochal cysts are classified according to the 
Todani classification, and the most common type is type I, which 
involves the complete or focal dilatation of the CBD and accounts 
for 80%-90% of cases [35]. This diagnosis is often made in the 
pediatric age group and is often incidentally found in asymptomatic 
patients [36]. Pain, nausea, vomiting, jaundice, and fever are more 
common symptoms in adults. Type I choledochal cysts appear on 
US as an anechoic fusiform or saccular dilatation of the CBD (Fig. 
11) [36]. A careful assessment for an intraluminal stone and mass 
(cholangiocarcinoma) should be performed since their incidence is 

increased in patients with type I choledochal cyst [36]. 

US Findings in the Setting of Abnormal LFTs 
without Bile Duct Dilatation

Diffuse Parenchymal Liver Disease
Hepatic steatosis
Steatosis is the most common diffuse liver abnormality, with 
alcohol abuse and nonalcoholic fatty liver disease being the most 
common causes [37]. Most patients in the ED are diagnosed with 
imaging done for abnormal LFTs or incidentally when imaged for 
other conditions [38,39]. Typically, levels of liver aminotransferases 
(AST and ALT) are increased [39]. On US, the hepatic parenchyma 
demonstrates increased echogenicity with mild coarsening, often 
resulting in increased sound beam attenuation and poor penetration 
(Fig. 12) [40]. Hepatic fat deposition can be diffuse, focal, multifocal, 
or geographic. It can mimic a hepatic mass. The absence of 
parenchymal distortion and a mass effect on vessels are important 
findings to help distinguish focal hepatic steatosis or areas of fatty 
sparing from an actual liver mass.  

Fig. 9. Periampullary tumor: 
a 41-year-old man with a 
2-week history of epigastric 
pain, nausea, and mildly 
elevated liver enzymes and 
lipase. 
Grayscale (A-C) and color 
Doppler (D) ultrasonography 
are shown. A. There is a large, 
heterogeneous, hypoechoic 
mass les ion (arrowheads) 
at the head of the pancreas 
causing bile duct dilatation 
(arrow). B. The gallbladder 
i s  f i l l ed  wi th  s ludge and 
distended (dashed arrows). C, 
D. Simultaneous dilatation of 
the common bile duct (arrows) 
and pancreatic duct (open 
arrows) due to the pancreatic 
head mass (double duct sign) 
is shown. The pathology was 
neuroendocrine tumor.

A B

C D
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Fig. 11. Type I choledochal cyst: 
a 17-year-old male patient 
with jaundice, abdominal pain, 
and abnormal liver function 
tests. 
A. Grayscale ultrasonography 
shows marked fusiform dilatation of 
extrahepatic bile ducts containing 
dependent echogenic bile sludge, 
which mimics an anechoic 
cystic mass on ultrasonography 
(arrows). B. There is moderate 
dilatation of intrahepatic biliary 
ducts in the left lobe of the liver 
(open arrow). C, D. Contrast-
enhanced sagittal computed 
tomography (C) and coronal T2-
weighted magnetic resonance 
(D) redemonstrate fusiform 
cystic dilatation (arrows) of the 
common bile duct, consistent 
with a type I choledochal cyst. 

A B

C D

Fig. 10. Gallbladder carcinoma: a 72-year-old woman with a 3-week history of right 
upper quadrant pain and jaundice presented to the emergency department with 
abnormal liver function tests. 
A, B. Grayscale (A) and color Doppler (B) ultrasonography show a large hypoechoic mass 
(arrowheads) in the gallbladder fossa with dilated intrahepatic biliary ducts (arrow). C. 
Contrast-enhanced axial computed tomography demonstrates a heterogeneous mass 
(arrowheads) in the gallbladder fossa with extension into the hilum causing adjacent 
bile duct dilatation.

A B

C
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Acute hepatitis 
The most common etiologies of acute hepatitis are viral (hepatitis 
A, B, C, D, E, cytomegalovirus, Epstein-Barr virus) and drug-related 
(e.g., acetaminophen). Liver enzymes are generally markedly 
elevated. The US findings of acute hepatitis are not always specific, 
and normal US does not exclude the diagnosis. However, the 
echogenicity of the liver parenchyma may be diffusely decreased, 
causing the normal periportal fat to appear relatively hyperechoic, 
resulting in the so-called "starry sky" appearance. Unfortunately, 
the sensitivity and specificity of this finding have been found to 
be poor [41]. Hepatomegaly, gallbladder wall edema, and reactive 

lymphadenopathy in the porta hepatis may also be seen (Fig. 13).  

Cirrhosis
Cirrhosis is the end result of several forms of chronic liver disease 
that eventually result in nodular regeneration and fibrosis. The most 
common causes are alcohol abuse, nonalcoholic steatohepatitis, 
and chronic viral hepatitis (hepatitis B and C). Liver enzymes are 
generally increased initially, and bilirubin levels may increase with 
the progression of cirrhosis. On US, the echotexture of the liver 
parenchyma becomes coarsened and heterogeneous with capsular 
surface nodularity (Fig. 14). If portal hypertension develops, the 
portal vein diameter may increase (>13 mm), with slow or reversed 
flow on Doppler imaging [42]. Portosystemic collaterals often 
develop, and paraumbilical veins may dilate. 

Focal Liver Abnormalities
Malignant hepatic masses 
Metastases are by far the most common malignant liver lesions. 
Elevated liver enzymes are often seen in patients with extensive 
liver metastasis. Hepatic metastases can have a variable appearance 
depending on the primary tumor type. Metastases are typically 
multifocal, each demonstrating a similar appearance on US. 
Although usually solid, they can also appear mixed cystic and solid, 
cystic, partially calcified, or infiltrative. Central necrosis may be 
observed, especially with rapidly growing tumors. The "target" or 
"bullseye" signs can be seen in large lesions due to central necrosis 
(Fig. 15). The vascularity of metastases is variable and depends 
largely on the primary tumor type.

Hepatocellular carcinoma (HCC) is the most common primary 
liver malignancy, and it is most common in patients with underlying 
cirrhosis. Rapid deterioration of liver function in a patient with 
known cirrhosis may be seen with the development of HCC. Only 

Fig. 13. Acute hepatitis: a 
24-year-old man with right 
upper quadrant pain, jaundice, 
nausea, and abnormal liver 
function tests.
Grayscale ultrasonography shows 
the findings of acute hepatitis. A. 
Decreased hepatic echogenicity 
and accentuated brightness 
of the portal triads and portal 
vein walls (arrows), consistent 
with a starry sky appearance. 
B. There is reactive diffuse 
gallbladder wall thickening/
edema (open arrow).

A B

Fig. 12. Hepatic steatosis: a 56-year-old man with the characteristic 
appearance of grade III hepatic steatosis lacks periportal and 
diaphragmatic echogenicity and poor visualization of deep 
portions of the liver due to increased parenchymal attenuation on 
ultrasonography.
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around 20% of HCC cases occur in non-cirrhotic livers. This can be 
seen in patients with chronic hepatitis B or C [43]. HCC may be 
focal, multifocal, or infiltrative. A hypoechoic peripheral halo may 
be visible around the periphery of an HCC lesion, which may help 
differentiate HCC from background regenerative and dysplastic 

nodules (Fig. 15). Portal vein thrombosis (PVT) may be an important 
accompanying feature, especially in the infiltrative subtype, which is 
sometimes the only demonstrable finding on US. 

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary hepatic malignancy [44]. ICC often appears as a 
heterogeneous, echogenic mass. Although not a specific finding, 
capsular retraction and peripheral bile duct dilatation can help 
distinguish it from other tumors (Fig. 15). 

Hepatic abscess 
The spread of infection can occur hematogenously from an 
abdominal source, directly ascend the biliary tree, or result from 
direct inoculation of the liver from trauma or an invasive procedure. 
Abscesses are typically seen as rounded, irregular, and thick-walled 
fluid collections (Fig. 16). In severe cases, several communicating 
collections spreading throughout the different hepatic segments 
with peripheral heterogeneous phlegmonous regions can be 
observed. The US appearance of hepatic abscesses is variable, 
ranging from cystic to a heterogeneous, echogenic, solid mass-like 
lesion, depending on the degree of abscess maturation (Fig. 16). 
Due to these diverse US appearances, clinical information is essential 
for a correct diagnosis. 

Fig. 15. Malignant hepatic lesions.
A. A 73-year-old woman presented with jaundice, abdominal pain, and abnormal liver 
function tests. Grayscale ultrasonography reveals multiple hypoechoic masses (arrows) 
with a target or bullseye sign. These features are suspicious for metastases. B. A 35-year-
old man with known hepatitis B presented with abdominal pain and mildly elevated liver 
function tests (LFTs). Grayscale ultrasonography shows a hypoechoic mass (open arrow) 
in segment 2 with background coarsened hepatic echotexture. Subsequently obtained 
contrast-enhanced computed tomography (not shown) confirmed the diagnosis of 
hepatocellular carcinoma. C. Grayscale ultrasonography shows a large peripheral 
hypoechoic mass (dashed arrows) with associated capsular retraction (arrowhead). The 
biopsy was consistent with intrahepatic cholangiocarcinoma.

A B

C

Fig. 14. Cirrhosis: a 72-year-old man presented to the emergency 
department with swelling of the abdomen and was found to have 
elevated liver function tests. Transverse grayscale ultrasonography 
shows surface nodularity (arrowheads), coarsened hepatic echotexture, 
and large ascites (asterisk). 
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Recent surgery-related fluid collections 
Postoperative perihepatic fluid collections, including seromas, 
bilomas, hematomas, and abscesses, may cause abnormal LFTs, 
and the initial differential diagnosis can be suggested with US 
[45]. Seromas are serous fluid collections that occasionally occur 
after surgery. Bilomas are bile collections most commonly develop 
after an iatrogenic injury to the biliary tree, resulting in bile 
leak. They both appear as anechoic simple fluid collections with 
posterior acoustic enhancement, and they are indistinguishable 
by US. Hepatobiliary scintigraphy may help diagnose bilomas by 
demonstrating radiotracer accumulation outside the biliary tree (Fig. 
17). Hematomas are typically found during the early postoperative 
period and may vary from an anechoic cystic collection to 
heterogeneous echogenic mass-like lesion depending on the acuity 
of the hematoma (Fig. 17). Secondary infection of any of the above 
post-surgical collections results in an abscess (Fig. 17). 

Whenever a newly developed intrahepatic cystic lesion is identified 
in a postoperative patient, a hepatic arterial pseudoaneurysm should 
be considered. This is especially true if it is located adjacent to a 
known vascular anastomosis. Pseudoaneurysms appear as anechoic 
cystic structures on grayscale US and have a typical "yin-yang" 

appearance on color Doppler imaging. 

Hepatic Vascular Abnormalities 
Portal vein thrombosis 
PVT most commonly occurs in patients with cirrhosis or with 
underlying prothrombotic conditions. Although it can be clinically 
silent, patients often present to the ED with acute abdominal pain. 
Color Doppler shows no luminal flow in complete acute thrombosis, 
whereas non-occlusive PVT appears as a luminal filling defect. An 
acute thrombus generally appears expansile and either isoechoic 
or hypoechoic. With progressive chronicity, a thrombus may 
gradually appear more eccentric within the lumen and increasingly 
hyperechoic [46,47]. Color Doppler is also useful to differentiate a 
tumor thrombus from a bland thrombus by demonstrating internal 
arterial flow within a tumor thrombus (Fig. 18). In contrast, a bland 
thrombus is completely avascular (Fig. 19). Additionally, a tumor 
thrombus generally appears more expansile than a bland thrombus [48].

Hepatic infarct
Hepatic infarct occurs due to acute hepatic hypoperfusion secondary 
to systemic hypotension or hepatic artery occlusion from thrombosis 

Fig. 16. Hepatic abscesses. 
A, B. A  59-yea r-o ld  man 
presented with fever, right upper 
quadrant pain, abnormal liver 
function tests, and leukocytosis. 
Grayscale (A) and color Doppler 
(B) ultrasonography show a 
hypoechoic lesion (arrows) 
with heterogeneous internal 
echoes in the liver without 
internal vascularity, suggestive 
of a liquified abscess. C, D. A 
60-year-old man presented 
with right upper quadrant pain, 
abnormal liver function tests, 
and leukocytosis. Grayscale 
(C) and color Doppler (D) 
u l t ra sonog raphy  show  a 
complex solid and cystic mass 
(dashed arrows) in the liver 
parenchyma with mild internal 
vascularity suggestive of a 
partially liquified abscess.

A B

C D
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or embolism [49]. Liver enzymes may be markedly elevated [50]. 
A wedge-shaped, ill-defined, hypoechoic region is the typical 
appearance (Fig. 20) [49]. More diffuse and heterogeneous 
involvement can be observed in pat ients with systemic 
hypoperfusion or shock liver. 

Passive hepatic congestion
Passive hepatic congestion due to right heart failure may cause 
elevated liver enzymes. In the acute phase, hepatomegaly, 
heterogeneous liver parenchyma, and ascites are common US 
findings associated with dilatation of the IVC and hepatic veins (Fig. 
21) [51]. Chronic high hepatic venous pressure may eventually lead 
to hepatocyte death, fibrosis, and cirrhosis. 

Budd-Chiari syndrome 
Budd-Chiari syndrome is the result of partial or complete thrombosis 

or obstruction of the hepatic veins or IVC [52]. Heterogeneous 
and mottled liver parenchyma, hepatomegaly, and ascites are 
the commonly encountered grayscale US findings in an acute 
presentation to the ED (Fig. 22) [52]. Absent or reversed flow in the 
affected hepatic veins and IVC, as well as intrahepatic collaterals, 
can be observed on color Doppler [53]. 

Transplantation-Related Vascular Conditions
Hepatic artery stenosis/thrombosis 
Hepatic artery thrombosis is the most common early vascular 
complication after liver transplantation [54]. The hepatic artery 
supplies the biliary tree, and its occlusion may cause bile duct 
ischemia, eventually leading to biliary necrosis, bile leak, biloma, 
abscess, sepsis, and hepatic parenchymal infarct. In arterial 
occlusion, no flow or tardus-parvus waveform due to collateral flow 
is detected in the hepatic arteries (Fig. 23) [55]. 

Fig. 17. Recent surgery-related fluid collections.
A, B. A 76-year-old woman presented with persistent right upper quadrant abdominal pain after cholecystectomy 1 week previously. Grayscale 
ultrasonography (A) shows a fluid collection with internal debris in the gallbladder fossa (arrows). Cholescintigraphy scan (B) shows increased 
activity (arrow) in the gallbladder fossa, consistent with a biloma, which was confirmed via drainage. C. A 45-year-old woman presented with 
abdominal pain and fatigue 1 week after cholecystectomy. Grayscale ultrasonography shows a large, hypoechoic, heterogeneous collection 
(dashed arrows) along the right lobe of the liver, consistent with a hematoma. D. A 63-year-old woman presented with abdominal pain, fever, 
and abnormal liver function tests 4 weeks after transplantation. Grayscale ultrasonography reveals a predominantly anechoic collection (open 
arrows) with thick septations medial to the left liver lobe. This collection was drained, and it was consistent with an infected biloma/abscess. 

A B

C D
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The incidence of hepatic artery stenosis is about 11% after liver 
transplantation, and the anastomosis is the most common site of 
stenosis [56]. Color Doppler imaging reveals aliasing at the site 
of stenosis. On spectral imaging, the arterial waveform may show 

spectral broadening and increased peak systolic velocity (>200 cm/s) 
[57,58]. Downstream low (<0.5) resistive indices, the tardus-parvus 
phenomenon, and prolonged acceleration time (≥0.08 seconds) may 
be seen when interrogating the intrahepatic arteries (Fig. 24). 

Fig. 19. Bland portal vein thrombosis: a 62-year-old man with right upper quadrant pain and abnormal liver function tests. 
A, B. Grayscale (A) and color Doppler (B) ultrasonography reveal a slightly echogenic filling defect (arrows) in the main portal vein, consistent 
with portal vein thrombosis. There is no vascularity within the thrombus. C. An axial contrast-enhanced computed tomography shows a 
hypodense thrombus (arrow) within the main portal vein. There is also marked splenomegaly and dilated varicose splenic vein, consistent with 
portal hypertension. 

A B C

Fig. 18 . Portal vein tumor thrombus: a 64-year-old male patient with right upper quadrant pain and abnormal liver function tests. 
A. Grayscale ultrasonography shows an echogenic thrombus in the left portal vein (arrow). B. Color Doppler ultrasonography reveals 
vascularity (arrowhead) within the thrombus (arrow). C-F. Contrast-enhanced computed tomography in the arterial phase (C, D) and portal 
venous phase (E, F) shows an arterially enhancing lesion (dashed arrows) in the caudate lobe with washout on the portal venous phase, 
enhancing portal vein tumor thrombus (arrows), and enhancing thrombus within the inferior vena cava (IVC) (open arrows). The constellation 
of the findings is consistent with hepatocellular carcinoma tumor thrombus in the left portal vein and IVC. 

A B C

D E F
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Fig. 22. Budd-Chiari syndrome: a 35-year-old man with a past medical history of nonalcoholic steatohepatitis cirrhosis presented with right 
upper quadrant pain and abnormal liver function tests.  
A, B. Grayscale (A) and color Doppler (B) ultrasonography demonstrate narrowing (arrow) of the intrahepatic segment of the inferior vena 
cava (IVC) with aliasing artifact (open arrow), consistent with stenosis. A prominent venous collateral is present adjacent to the IVC stenosis 
(arrowhead). C. Contrast-enhanced axial computed tomography shows narrowing of the intrahepatic IVC (arrow). Selective catheter angiography 
(not shown) of the hepatic veins and IVC confirmed the diagnosis of Budd-Chiari Syndrome. 

B CA

Fig. 20. Hepatic infarct: a 57-year-old man with a history of live donor liver transplant complicated by right hepatic artery perioperative 
dissection and subsequent ligation. 
A, B. Grayscale (A) and color Doppler (B) ultrasonography show a wedge-like, avascular hypoechoic area (arrows) in the medial aspect of the 
liver. C. An axial non-contrast computed tomography from the upper abdomen shows extensive necrosis in the medial liver corresponding to the 
hypoechoic area shown on ultrasonography (arrows).

A B C

Fig. 21. Passive hepatic congestion: a 72-year-old man with a history of congestive heart failure presented with shortness of breath, 
abdominal pain, and abnormal liver function tests. 
A-C. Grayscale ultrasonography shows dilated inferior vena cava and hepatic veins (arrows), gallbladder wall edema (arrowheads), and ascites 
(open arrow). The degree of venous dilatation may correlate with the severity of heart failure.

A B C
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Portal vein thrombosis 
Post-transplant PVT is a relatively rare complication (1%-2% of 
cases) [59]. It manifests as diminished or absent intraluminal flow 
on color Doppler US with variable echogenicity of the thrombus 
itself (Fig. 25). 

Portal vein stenosis 
Post-transplant portal vein stenosis is more common and appears as 
a focal narrowing of the portal vein, usually at the anastomosis. It 
should be noted that the portal vein caliber may normally be mildly 
narrowed at the anastomosis, which should not be confused with 
true stenosis [60]. Turbulent flow on spectral Doppler US manifests 

as aliasing and spectral broadening (Fig. 26). The flow velocity is 
increased at the level of stenosis relative to the pre-stenotic segment 
(often three to four-fold). Post-stenotic portal vein dilatation, hilar 
venous collaterals, and other secondary signs of portal hypertension 
may develop. 

Hepatic vein thrombosis/stenosis 
The most common site of hepatic vein stenosis or thrombosis is the 
venous anastomosis at the IVC; it manifests as aliasing or a lack 
of blood flow on color Doppler US. An intraluminal thrombus, focal 
stricture, or pre-stenotic dilatation can be observed. Monophasic 
waveforms and spectral broadening with increased velocity are the 

Fig. 23. Post-transplant hepatic artery thrombosis with secondary biliary necrosis and biloma formation: a 52-year-old woman with a 
history of liver transplantation 2 months ago presented with jaundice and abnormal liver function tests. 
A. Color Doppler ultrasonography shows no hepatic artery flow at the portal hilum. B. Spectral Doppler ultrasonography of a parenchymal branch 
of the right hepatic artery shows a prolonged systolic acceleration time and decreased systolic amplitude, compatible with a tardus-parvus 
waveform. C. Grayscale ultrasonography shows a large thick-walled hypoechoic collection in the portal hilum (arrows). D. Coronal contrast-
enhanced computed tomography demonstrates a large, irregular, hypodense hepatic collection (arrows). The hepatic artery is thrombosed at 
the anastomosis (open arrow). The collection was drained, and it was consistent with an infected biloma. Catheter angiography (not shown) 
demonstrated no opacification/flow through the expected location of the hepatic artery, compatible with occlusion. Associated collateral hepatic 
parenchymal supply arising from hypertrophied branches of the right phrenic and right internal mammary arteries was found during catheter 
angiography.
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Fig. 24. Post-transplant hepatic artery stenosis: a 53-year-old man with a past medical history of liver transplantation 1 year ago presented 
with nausea, vomiting, abdominal discomfort, and abnormal liver function tests. 
A, B. Spectral Doppler ultrasonography shows patent right (A) and left (B) hepatic arteries with decreased systolic amplitude, prolonged 
acceleration times, and tardus-parvus waveforms, suggesting proximal hepatic arterial stenosis. C. Spectral Doppler ultrasonography from the 
main hepatic artery at the anastomosis level shows an increased velocity of the proper hepatic artery. D. Contrast-enhanced coronal computed 
tomography shows severe focal narrowing (arrow) at the hepatic artery anastomosis, consistent with stenosis.

A B

C D

Fig. 25. Post-transplant portal vein thrombosis: a 51-year-old man, status post-liver transplantation 1 month ago, presented with 
abdominal pain and fatigue.
A, B. Grayscale (A) and color Doppler (B) ultrasonography reveal a partially occlusive echogenic thrombus (arrow) within the main portal vein 
with adjacent color aliasing (open arrow). C. Contrast-enhanced axial computed tomography confirms the presence of a hypodense thrombus 
(arrow) within the main portal vein. Large-volume ascites is also present.

A CB
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Fig. 27. Post-transplant hepatic vein stenosis: a 56-year-old woman status post-living donor liver transplantation 10 days previously with 
persistently increased liver function tests.
A, B. Grayscale (A) and color Doppler (B) ultrasonography show an echogenic, occlusive thrombus (arrows) in an accessory right inferior 
hepatic vein. There is no flow in the lumen on color Doppler imaging. C. Transverse grayscale ultrasonography shows a hypoechoic region (open 
arrows) in segment 6 that indicates a hepatic infarct due to venous outflow obstruction. D. Coronal contrast-enhanced computed tomography 
demonstrates an occlusive thrombus (arrow) in the accessory right inferior hepatic vein and congested hepatic parenchyma (open arrows) in 
segment 6. These findings were confirmed via exploratory laparotomy.

A B

C D

Fig. 26. Post-transplant portal 
vein stenosis: a 73-year-
old man, status post-liver 
transplantation, presented 
with fatigue and abnormal 
liver function tests. 
A, B. Spectral Doppler ultra-
sonography shows a main portal 
vein velocity of 35 cm/s pre-
anastomosis (A) and 177 cm/s 
just beyond the anastomosis (B). 
The findings are consistent with 
stenosis at the anastomosis 
level (arrows).

A B
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findings on spectral Doppler imaging (Fig. 27).   

Conclusion

With its wide availability and practicality, US remains the initial 
modality of choice in evaluating abnormal LFTs in the ED. In 
conjunction with the patient’s pertinent history and LFT levels, US 
may accurately diagnose many common diseases and can be used 
as a major problem-solver in the ED. An organized approach by the 
radiologist is crucial in formulating the correct differential diagnosis 
and determining the appropriate next clinical or imaging step for 
the patient. 
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