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Abstract
Introduction The hepatoduodenal ligament is frequently involved by conditions affecting the portal triad and surrounding

structures, including a vast array of non-neoplastic conditions. Due its unique location between the retroperitoneum and the

peritoneal space, the hepatoduodenal ligament is also targeted by inflammatory conditions involving the retroperitoneum

and the liver. Finally, the presence of lymphatics and of the biliary tracts makes the hepatoduodenal ligament a route of

spread for a variety of infections. The purpose of this pictorial essay is twofold: to review the cross-sectional radiological

anatomy and variants of the structures within the hepatoduodenal ligament, and to illustrate the non-neoplastic conditions

that may arise within the hepatoduodenal ligament.

Conclusion Familiarity with these specific entities and their cross-sectional imaging findings is fundamental for a more

accurate diagnosis.
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Introduction

The hepatoduodenal ligament (HDL) can be affected by a

vast array of disease processes, including conditions related

to the vascular structures and biliary tract it contains, fur-

thermore by lymph node involvement due to neoplastic and

non-neoplastic diseases, or it may serve as the direct route

of spread for pancreatic and gastrointestinal inflammatory

processes. In addition, due to the presence of lymphatics

and the biliary tree, this ligament constitutes a route of

spread for infections. Finally, the presence of the portal

vein, the hepatic arteries and the common bile duct, makes

this structure to be inevitably involved in case of hepato-

biliary surgery.

While neoplasms of the liver and pancreas potentially

involving the HDL have been reviewed extensively, diag-

nosis of non-neoplastic conditions within this structure still

represents a challenge for the clinician and the surgeon.

Clinical signs and symptoms of HDL disorders are fre-

quently absent or non-specific, ranging from non-specific

abdominal pain to jaundice or signs of portal hypertension.

Nonetheless, imaging can help narrow the wide differential

diagnosis and it is mandatory for adequate surgical planning

[1–5].

In this article, we review and illustrate the normal anat-

omy and the important anatomical variations of the HDL,

whose knowledge is necessary in case of preoperative

evaluations, and the non-neoplastic conditions of the HDL

and of the structures therein contained one may encounter in

clinical practice. For each disease, the computed
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tomography (CT), and magnetic resonance imaging (MRI)

features are presented, with ultrasonographic correlation,

when available.

Normal anatomy and anatomical variants

The HDL is a ligament that, together with the gastrohepatic

ligament (GHL), forms the lesser omentum. Embryologi-

cally, it originates from the dorsal portion of the primitive

ventral mesentery and extends from the flexure between the

first and second portions of the duodenum to the porta

hepatis. An inferior extension of the lesser omentum,

containing the gallbladder neck and cystic duct are con-

sidered part of the HDL.

Together with the GHL, the HDL forms the anterior

wall of the omental bursa (bursa omentalis). The lateral,

free edge of the HDL serves as the anterior border of the

Foramen of Winslow, which connects the lesser to the

greater sac (Fig. 1) [4, 6].

The HDL connects the retroperitoneal space to the

hepatic hilum, being a preferential route of spread for

inflammatory, infectious, and neoplastic conditions. The

dorsal portion of the primitive ventral mesentery, from

which the HDL originates, is contained in the ventral

anlage of the pancreas until the 8th embryonic week.

Therefore, pathological processes arising in the pancreas

can spread easily to the porta hepatis and liver. The portal

triad, contained in HDL, may serve as a connection to the

liver. Conversely, inflammatory conditions arising in the

hepatobiliary structures may spread to the retroperitoneal

space [6, 7].

The HDL encompasses the main portal vein, hepatic

artery, common bile duct (CBD), part of the cystic duct and

the gallbladder neck, lymphatics, nerves, and connective

tissue [8]. The extrahepatic bile duct and proper hepatic

artery are usually located anterior to the portal vein, with

the artery placed to the left of the bile duct (Figs. 2, 3) [9].

In a study on 200 cadavers, however, this configuration was

found in only 34.5% of cases, with most variations due to

aberrant and accessory hepatic arteries [10]. Interestingly, a

‘‘normal’’ hepatic artery configuration was found in only

9% of cases in another study on 148 cadavers, with an

artery (either an aberrant or the proper hepatic artery)

running along the free edge of the HDL in 19% of cases

(Fig. 4) [10, 11]. Anatomical variations of bile duct anat-

omy are quite common as well. For example, a low cystic

Fig. 1 Anatomy of the omental bursa and of the hepatoduodenal

ligament (reproduced with permission from abdominalkey.com)

showing the Winslow foramen (curved white arrow), the hepatoduo-

denal and the gastrohepatic ligament (black arrow). The hepatoduo-

denal ligament is partially opened to show its content, the common

bile duct and cystic duct (green), the proper hepatic artery (red)

placed to the left of the bile duct and the portal vein, located

posteriorly (blue)

Fig. 2 Sonographic anatomy of the hepatoduodenal ligament in a

34-year-old man with mild upper abdominal discomfort. Transverse

transabdominal ultrasound scan of the hepatoduodenal ligament

shows the portal vein (white arrow), the common bile duct (white

arrowhead) and the hepatic artery (red arrow) appearing as tubular

anechoic structures in a. An oval, slightly hypoechoic structure

representing a reactive lymph node can be demonstrated in b
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duct insertion, which prevalence is estimated to be 9%, is

characterized by fusion of the cystic duct with the distal

third of the CBD (Fig. 5) [8, 12].

The CBD in the HDL is surrounded by the epichole-

dochal venous plexus of Saint, which drains into the

paracholedochal venous plexus of Petren, coursing parallel

to the bile ducts and draining into the hilar veins, the right

gastric vein, the posterosuperior pancreaticoduodenal vein,

and the superior mesenteric vein [13]. These plexuses

become prominent and sometimes visible on CT or MRI in

case of portal hypertension [14].

Imaging modalities and imaging anatomy

Ultrasound Transabdominal ultrasound (US) is the most

widely available and inexpensive modality for the evalu-

ation of the contents of the HDL. It allows visualization of

the connective tissue, the portal vein, the hepatic artery,

lymph nodes, and part of the extrahepatic bile duct [5, 15].

With the use of Doppler sonography, a precise quantifica-

tion of the portal venous and hepatic arterial flow is pos-

sible, increasing the sensibility of US for detecting portal

vein thrombosis, portosystemic shunting, arteriovenous

shunting, and many other vascular conditions [16].

Laparoscopic and endoscopic US are even more accurate

techniques, although less available and more invasive. On

US, the HDL appears as a hyperechoic structure in which

tubular anechoic structures, the portal vein, the hepatic

artery, and the extrahepatic bile duct are contained

[9, 16, 17].

Computerized Tomography (CT) is commonly per-

formed to evaluate the structures contained in the HDL,

due to its higher spatial resolution. Multiphasic contrast-

enhanced CT is useful to assess both vascular anatomy and

abnormalities of the structures contained in the HDL

[14, 18, 19]. The hepatic artery can be correctly visualized

and evaluated during the arterial phase (20 s after contrast

Fig. 3 Anatomy of the HDL in a 67-year-old man on peritoneal

dialysis. CT peritoneography delineates the HDL and common bile

duct (white arrowhead) (a), portal vein (white arrow) (b) and the

hepatic artery (red arrow) (c). Cholelithiasis within the gallbladder

neck is also demonstrated (white arrow) (d). Courtesy of Jennifer W

Uyeda, MD; Emergency Radiology Brigham and Women’s Hospital,

Boston, MA; USA
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media injection) and can be studied with MPR and MIP

reformatted images. The portal vein is optimally evaluated

during portal venous phase (70 s after contrast media

injection) [16]. The CBD appears as a hypodense tubular

structure running in the HDL and can be optimally studied

with MinIP reformatted images [5, 20].

Magnetic Resonance Imaging (MRI), with dedicated

MRCP sequences, is the imaging modality of choice for the

evaluation of HDL, the portal triad, lymph nodes, and bile

ducts. The hepatic artery and portal vein appear as flow-

voids on unenhanced images, while gadolinium-enhanced

MRI gives information similar to contrast-enhanced CT

about vessels and lesion enhancement patterns [5]. In

addition, the use of a hepatospecific contrast agent may

help delineate the extrahepatic bile duct and could give

additional information about biliary function [21]. MRCP

with 3D images allows accurate visualization of biliary

structures, their normal anatomy and variations, and vari-

ous pathological conditions [22, 23].

Spectrum of disorders

Lymphatics and connective tissue

Reactive lymphadenopathy

Visualization of the lymph nodes in the HDL, also called

‘‘daisy chain nodes’’, is not uncommon even in patients

without liver disease on cross-sectional imaging (Fig. 2)

[24, 25].

Enlarged lymph nodes ([ 6 mm in short-axis diameter)

are indicative of lymphadenopathy and should therefore be

investigated. According to the appearance of lymph nodes,

a differential diagnosis of underlying conditions can be

suggested. Patients with cirrhosis, viral hepatitis, or other

hepatic or lymphatic diseases often show enlarged hepa-

toduodenal nodes [26–29]. Potentially, any inflammatory

condition potentially involving the mesentery could cause

reactive lymphadenopathy including cholecystitis and

pancreatitis, mesenteric panniculitis, primary biliary cir-

rhosis, and sarcoidosis [28].

In these conditions, lymph nodes are generally large

([ 6 mm in short-axis diameter), or numerous, but rarely

massive lymphadenopathy occur. The lymph nodes are

isoechoic to the liver on US, show soft-tissue attenuation

on CT, and are slightly hyperintense relative to the liver on

T2-weighted MR images due to edema. These are homo-

geneously enhancing following intravenous contrast

material administration [15, 18, 27, 28]. Differential diag-

nosis should be made with neoplastic adenopathy, which

can appear bulky and homogeneous, or necrotic in case of

metastases, infection, and high-grade lymphoma [15, 27].

Tuberculosis

Hepatoduodenal lymph nodes are a frequent site affected

by tuberculous lymphadenitis. On CT, multiple enlarged

lymph nodes, sometimes conglomerating with multilocular

appearance and peripheral enhancement with central

hypodensity are observed [30]. Other less common

enhancement patterns, such as mixed and homogeneous

enhancement, have been described. Lymph nodes are

generally smaller than 4 cm in size. After treatment or

healing, the lymph nodes can calcify. On MRI, affected

nodes show central hyperintensity on T2-weighted images

due to caseous necrosis and similar contrast enhancement

[31, 32]. Perinodal hyperintensity on T2-weighted images,

probably reflecting capsular disruption, is another reported

MRI feature [33, 34]. On US, TBC nodes tend to be con-

glomerated with central hypoechoic areas [31].

Reactive edema

Reactive edema of the HDL can be observed in a multitude

of conditions, including heart failure, liver transplant,

cholecystitis, cholangitis, prior radiation therapy, or can be

idiopathic. MR and CT shows edema as diffuse hypoden-

sity of the HDL on CT and T2-weighted hyperintensity/T1-

weighted hypointensity changes of the HDL (Fig. 6).

Fig. 4 Hepatic artery anomaly. MIP reconstructed CT image acquired

during arterial phase shows an aberrant origin of the right hepatic

artery from the superior mesenteric artery (arrow) and a cystic artery

originating from the left hepatic artery (arrowhead), bifurcating in a

deep and superficial branch
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Biliary tract

Choledochal cyst

Choledochal cysts are rare congenital biliary tract anoma-

lies characterized by biliary tree dilatation. Based on the

Todani classification, they can be divided in five types

according to the involved part of the intra- and/or extra-

hepatic bile ducts [5, 35]. The type I cyst, with moderate to

severe dilatation of the common bile duct without intra-

hepatic biliary dilatation, is the most common type and can

be cystic (Ia), segmental (Ib), or diffuse fusiform (Ic). Most

cysts are diagnosed in childhood, yet up to 20% manifest in

adults, with female predilection. Associated conditions

include liver failure, cholestasis, biliary cirrhosis, and

cholangiocarcinoma (15% lifetime risk) [26, 35, 36].

The most accurate cross-sectional imaging modality for

diagnosing choledochal cysts is MRCP, although MDCT

with MPR reconstruction is a good alternative imaging

method. Both imaging techniques provide specific infor-

mation related to the location, size, and anatomic rela-

tionship of the cyst [5, 26]. MRCP or MDCT demonstrate a

cystic structure or a dilation of the bile duct with biliary

sludge or calculi (Fig. 7). Endoscopic retrograde cholan-

giopancreatography can also be used to evaluate chole-

dochal cyst, but it is invasive and associated with

complications (Fig. 7) [37].

Mirizzi syndrome

Mirizzi syndrome is a rare complication of cholelithiasis

and refers to narrowing and obstruction of the CHD caused

by extrinsic compression from an impacted gallstone

impacted either at the gallbladder neck or in the cystic duct

[23, 38]. Mirizzi syndrome could be associated with

Fig. 5 Bile duct anomalies in the hepatoduodenal ligament. a 3D

MRCP in a 89-year-old man shows low cystic duct insertion (arrow)

and low bifurcation of the common bile duct. b T2-weighted axial

image at the level of the hepatoduodenal ligament demonstrates the

right (curved arrow) and left hepatic ducts (arrowhead) and the cystic

duct (arrow). cMRCP single shot in a 38-year-old female patient with

choledocholithiasis, bile duct dilatation and low bifurcation of the

common bile duct (arrowhead)
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Fig. 6 Reactive edema of the hepatoduodenal ligament. a, b 50-year-

old woman with cholangiocarcinoma treated with chemotherapy and

Cyberknife stereotactic radiotherapy. a Axial CT image obtained

during early arterial phase shows hypodense material surrounding the

portal vein. b Coronal reconstructed CT image acquired during portal

venous phase demonstrates the presence of hypodense material within

the hepatoduodenal ligament, consistent with post-radiation edema. c,

d 47-year-old woman with weight loss. c Single-shot MRCP image

showing fluid surrounding the common bile ducts. d T2-weighted

coronal image demonstrate fluid within the hepatoduodenal ligament

(arrows). e, f Patient with acute cholecystitis. a Single-shot MRCP

image showing pericholecystic fluid extending at the porta hepatis.

d T2-weighted coronal image demonstrates fluid within the hepato-

duodenal ligament (arrowhead)
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Fig. 7 Type I choledochal cyst. Coronal reformatted CT image

obtained during portal venous phase (a) and single-shot MRCP

(b) images in a 55-year-old man with right upper quadrant pain

demonstrate fusiform enlargement of the common bile duct, with

lobulated contour, consistent with choledochal cyst type Ia (white

arrowheads). A small hyperdense calculus within the cyst is seen on

axial CT image obtained during portal venous phase (white arrow)

(c). d Transabdominal color-doppler ultrasound at the level of the

hepatoduodenal ligament in a different patient shows a dilated cystic

structure anterior to the portal vein. e Endoscopic retrograde

cholangiopancreatography confirms the segmental dilation of the

common bile duct (type 1b). g Single-shot MRCP in a different

patient shows diffuse fusiform dilation of the common bile duct (type

Ic)
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absence (type 1) or presence of fistula (type 2-4) between

the site of impaction of the gallstone and the CHD [39].

Although diagnosis of Mirizzi syndrome may be diffi-

cult with non-invasive imaging, MRCP and CT provide a

correct diagnosis in most of the cases, showing

cholelithiasis, stone in the cystic duct, focal narrowing of

the CHD, upstream biliary dilatation and a distal CBD with

normal caliber (Fig. 8). Differential diagnosis should

include cholangiocarcinoma, since association between

gallbladder carcinoma and Mirizzi syndrome has been

reported [5, 38]. Preoperative diagnosis can be challenging:

clinical evaluation of the patient may help, and elevated

CA 19-9 levels are indicative of malignancy [5, 38].

Cholecysto-duodenal fistula

Bouveret’s syndrome due to a cholecysto-duodenal fistula

was first described in 1896 and it refers to gastric outlet

obstruction secondary to impaction of a gallstone in the

duodenum (or stomach). It is rare condition often seen in

the elderly women [40, 41].

On CT, the impacted gallstone and the gastric outlet

obstruction are seen. Multiplanar reconstruction helps

evaluating the presence of cholecysto-duodenal fistula,

which can occur within the boundaries of the HDL (Fig. 9).

Endoscopy may serve both as a diagnostic tool and for

gallstone removal [41].

Fig. 8 Mirizzi syndrome. Contrast-enhanced axial and coronal CT

images obtained during portal venous phase (a, b) and T2-weighted

fat saturated coronal MR (b) and single-shot MRCP (d) images show

cholelithiasis and extrinsic compression of the CBD (white arrow) by

large gallstone at the level of the cystic duct, within the confines of

the HDL. Moderate upstream biliary dilation is also observed.

Differentiation from a cholangiocarcinoma can be difficult in (a)
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Portal biliopathy

Portal biliopathy refers to biliary obstruction associated

with enlargement of the peribiliary collateral veins occur-

ring in patients with portal vein occlusion or cavernous

transformation of the portal vein [42]. In case of chronic

portal vein occlusion, multiple venous collaterals from the

plexus of Saint and Petren are recruited to compensate the

diminished hepatopetal portal flow. Consequently, peribil-

iary venous varices may form, surrounding, scalloping, and

narrowing the bile ducts [42, 43]. Three patterns of biliary

involvement in portal biliopathy have been described: the

varicoid pattern, with irregular contour of the bile ducts

due to multiple smooth extrinsic compressions of dilated

collateral veins (‘‘the pseudocholangiocarcinoma sign’’);

the fibrotic pattern, with a dominant bile duct stricture,

generally localized at the CBD, with proximal dilatation

and the mixed pattern (Fig. 10) [44].

Most patients are asymptomatic, possibly with elevated

bilirubin or alkaline phosphatase, although jaundice and

right upper quadrant pain may also occur.

Contrast-enhanced CT depicts cavernous transformation

of the portal vein, marked dilatation of the intra and

extrahepatic portions of the peribiliary plexuses, and gall-

bladder varices. Coronal MPR reconstruction helps in

defining bile ducts involvement, showing stenoses, fibrotic

strictures, irregular and thickened wall of bile ducts [42].

MRCP is the best diagnostic tool to diagnose and depict

portal biliopathy, with accuracy comparable to direct

cholangiography [44]. MRCP depicts biliary wall

Fig. 9 Cholecysto-duodenal fistula in a 72-year-old woman with right

upper quadrant pain and fever. a Axial contrast-enhanced CT image

obtained during portal venous phase reveals a hyperdense calculus in

the duodenum with a bilioenteric fistula (white arrowhead). b Coronal

MPR reformatted image shows aerobilia (white arrow). Endoscopic

image shows removal of the impacted gallstone within the duodenum

(c), with post endoscopic removal image reveals the large cholecys-

toenteric fistula (red arrow) (d)
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thickening with delayed progressive enhancement on post-

contrast images. In the mixed type, MRCP shows irregular

contours with areas of narrowing and dilatation [44–46]. In

general portal biliopathy may mimic cholangiocarcinoma:

the associated vascular abnormalities may help differenti-

ating the two [43, 44, 46].

Migrated cholecystectomy clip

Post-cholecystectomy clip migration is rare and can lead to

complications which include clip-related biliary stones

[47]. MRCP and CT may be useful to depict the presence

of a migrated clip and associated complications. The his-

tory of previous cholecystectomy and the presence of

abdominal pain, jaundice, or fever might raise suspicion for

impacted migrated cholecystectomy clip. CT show the clip

within the biliary tract, while MRCP is more accurate in

depicting bile duct dilatation, or complications, such as

cholangitis (Fig. 11) [47, 48].

Long cystic duct remnant

A long cystic duct remnant is defined as residual duct

greater than 1 cm in length. It may be associated with post-

cholecystectomy syndrome in presence of stones, or

adhesions [49]. Rarely a cystic duct mucocele can occur, in

Fig. 10 Portal biliopathy in a 47-year-old male patient with increased

liver function tests. a Coronal T2-weighted images show narrowing of

the distal common bile duct (white arrow), b single-shot MRCP

image demonstrates mild intrahepatic bile duct dilatation, with

gradual narrowing of the distal CBD (white arrow). Axial (c) and

coronal (d) contrast-enhanced T1-weighted images obtained during

portal venous phase demonstrate varices (red arrows) surrounding the

extrahepatic bile ducts, and compressing the common bile duct,

findings consistent with portal biliopathy. Splenomegaly is also

demonstrated (white arrow). Courtesy of Antonio Eiras-Araujo, MD;

Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brasil

1278 Abdominal Radiology (2019) 44:1269–1294

123



which the remnant becomes distended with mucus.

Cholangiography, CT, or MRCP demonstrate a dilated

cystic duct, sometimes with sludge, microcalculi and

inflammatory changes [50].

Benign biliary stricture

Postsurgical biliary stricture represents the most common

cause of benign biliary stricture occurring in 0.6% of cases

after cholecystectomy. Most commonly, post-cholecystec-

tomy strictures are located at the junction of cystic duct and

CBD or at the hepatic confluence. Unrecognized

anatomical variants, inflammation and inadvertent ligation

of the cystic duct close to its insertion are the main risk

factors [23, 51].

MRCP shows location of the stricture and the presence

of biliary dilatation. MRCP, however, tends to overesti-

mate the length of the stricture, especially when the CBD is

collapsed distally to the stricture [51].

Biliary strictures after liver transplant could be divided

into anastomotic and non-anastomotic types. Anastomotic

strictures are due to fibrosis and scars, and they appear as

single, short-segment strictures localized at the level of the

anastomosis on MRCP (Fig. 11) [51]. Non-anastomotic

Fig. 11 Migrated cholecystectomy clip in a 50-year-old woman with

history of prior cholecystectomy presenting with RUQ pain and

jaundice. MRCP (a) and Coronal reformatted CT (b) images show the

impacted migrated cholecystectomy clip within the distal CBD, seen

as signal void in (a) and as a hyperdense structure in (b) and (c) (red
arrow), with moderate intra and extrahepatic bile duct dilatation
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strictures develop secondary to ischemic or immunologic

causes. MR cholangiopancreatography shows multiple

stenosis involving the intrahepatic ducts, the hepatic hilum,

and the CHD (Fig. 12) [51, 53].

Bile leak

A bile leak could form after an injury to any bile duct,

commonly from cystic duct injury after cholecystectomy,

or from CBD or intrahepatic bile duct injury after liver

transplantation. MRCP with the use of hepatospecific

contrast media can be particularly useful differentiating

bile duct leak from other postoperative fluid collection.

MRCP shows a T2-weighted hyperintense fluid collection

connected to the biliary tree, and accumulation of contrast

within the lesion can be observed on hepatobiliary phase

[54, 55].

Ischemic cholangiopathy

Ischemic cholangiopathy refers to the focal or extensive

damage to the bile ducts due to impaired blood supply to

the bile ducts. This can occur as the terminal event of a vast

array of conditions injuring the peribiliary vascular plexus,

a group of arterioles and capillaries arising from hepatic

artery, including liver transplant, vasculitis, radiation, and

hepatic artery chemoembolization [52].

On US dilated bile ducts and bilomas throughout the

course of the biliary tree can be appreciated [53]. MRCP

may also show debris within the dilated bile ducts (Fig. 13)

[53].

Fig. 12 Benign biliary strictures. a 3D MRCP image in a patient with

orthotopic liver transplantation shows a focal stricture at the common

bile duct (arrows). b Coronal T2 weighted image confirm the stenosis

at the level of the anastomosis (arrowhead). c Single-shot MRCP

image in a different patient with orthotopic liver transplantation

shows multiple strictures throughout the biliary tree (arrows),

confirmed on endoscopic retrograde cholangiopancreatography (d),
consistent with non-anastomotic strictures
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Acute ascending cholangitis

Acute ascending cholangitis is a potentially life-threatening

disease caused by bacterial overgrowth and infection.

Clinically, it manifests with the Charcot triad (fever,

jaundice and abdominal pain), although clinical presenta-

tion may be subtle, especially in elderly or immunocom-

promised patients [56]. It is almost invariably associated

with biliary obstruction and increased biliary pressure.

Other causes are iatrogenic, occurring in 18% of tran-

shepatic percutaneous biliary drainage catheter placements,

related to sclerosing cholangitis or parasitic infections

[56, 57].

Complications include sepsis, hepatic abscesses, portal

vein thrombosis, and peritonitis in the acute setting; biliary

stricture and cholangiocarcinoma when chronic.

The most common imaging signs of acute cholangitis

are biliary obstruction with intra- and extrahepatic biliary

duct dilatation (depending on the cause of obstruction),

diffuse and concentric thickening of the biliary wall.

Hyperenhancement of biliary walls and pneumobilia can

also be observed. MRCP better depict biliary dilatation, the

presence of pus in the biliary tract and the nature of biliary

obstruction [56].

Ascariasis

Ascaris lumbricoides is the most common helminthic

infestation affecting human race, infesting 25% of the

world population [56, 58]. In the HDL ascaridiasis involves

biliary tract. Biliary ascaridiasis is generally asymptomatic,

however can be complicated by recurrent pyogenic

cholangitis, cholecystitis, pancreatitis, hepatic abscesses,

and septicemia can be seen [58, 59]. Ultrasonography is

safe and accurate to diagnose biliary ascaridiasis, correctly

identifying more than 85% of patients with this condition.

Reported sonographic findings of biliary ascaridiasis are:

dilatation of bile duct, with moving long, linear or curved

echogenic structures in bile duct, a distended and edema-

tous gallbladder and liver abscesses [60, 61]. On CT, the

worms are hyperattenuating relative to bile and on MR they

show low signal intensity on T2-weighted images, although

Fig. 13 Ischemic cholangiopathy in a patient with orthotopic liver

transplantation. a Diffusion weighted image shows dilated intrahep-

atic bile ducts with T2 hypointense debris within their lumen

(arrowheads). b 3D MRCP shows diffuse dilation of the biliary tree

extending at the porta hepatis. c Contrast-enhanced axial T1-weighted

fat suppressed image acquired during arterial phase shows heteroge-

neous enhancement of the liver suggesting altered hepatic arterial

flow
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the fluid-filled digestive tract of the worm is hyperintense

on T2-weighted images [59, 60].

Biliary echinococcosis

Hydatid cysts are the manifestation of infection from the

cestodes Echinococcus granulosus or E. multilocularis.

While E. granulosus is found in regions around the

Mediterranean Sea, south America and Oceania, E. multi-

locularis is more common in the arctic area, in northern

Europe and Asia. Clinical symptoms, including abdominal

pain or the presence of a mass, are non-specific and

serology has a limited role, thus diagnosis relies on

imaging [62, 63]. Hydatid cysts form when humans ingest

echinococcus eggs, after the larvae have migrated from the

intestines to other organs, such as the liver, spleen, and

lungs, where they form the cysts. Imaging features of E.

granulosus vary according to the stage of cyst develop-

ment: while in the early stages Echinococcus cysts have the

appearance of simple cysts, later, after daughter cysts

develop, multiseptated wheel-like structures are seen. After

the parasite dies, the septa disappear, and wall calcification

may be demonstrated. US, CT, and MRCP findings reflect

the stage of the cysts. In the context of biliary echinococ-

cosis, bile duct dilation with an irregular, leaf-like

appearing filling defect in the biliary tree, due to the

presence of daughter cysts or hydatid membranes, can be

observed, sometimes with associated cystobiliary fistulas

(Fig. 14) [62, 63].

Hepatobiliary tuberculosis

Hepatobiliary tuberculosis is extremely rare, and imaging

features are non-specific: cholecystitis, gallbladder mass,

haemobilia, or obstructive jaundice with or without peri-

portal mass have been described (Fig. 15). Stenosis of the

biliary tree can occur due to extrinsic compression related

to enlarged lymph nodes or due to inflammatory stricture,

most commonly multiple. Signs of hepatic involvement,

such as hepatic abscess, narrow the differential diagnosis

[33, 64].

AIDS cholangiopathy

AIDS cholangiopathy, the most common AIDS-related

disease involving structures in the HDL, is a form of

sclerosing cholangitis occurring in patients with a CD4

count of less than 100/mm3 [65]. Cytomegalovirus and

cryptosporidia have been advocated as the main etiologic

agents. Clinical symptoms are non-specific, although the

presence of right upper quadrant pain and elevated

cholestatic enzyme elevation in patient with low CD4

count should raise suspicion [23, 66].

US allows detection of dilated intrahepatic and extra-

hepatic bile duct [66]. MRCP is the most accurate modality

to diagnose HIV cholangitis showing multiple intra- and

extrahepatic biliary strictures and dilatation, with a beaded

appearance. Other signs are wall thickening and hyperen-

hancement of the bile ducts, papillary stenosis, present in

75% of the cases, dilated CBD, presence of a 1–2 cm

extrahepatic bile duct stricture, and acalculous cholecystitis

[23, 56, 66]. Contrast-enhanced MDCT may help assessing

associated liver or vascular involvement [66].

Portal venous disorders

Portal vein thrombosis is associated with a myriad of

conditions, ranging from cirrhotic liver disease, pancreati-

tis, cholangitis, hypercoagulable states, and embolism from

thrombus located in the superior mesenteric or splenic vein

[67].

US, the imaging modality of choice, shows dilated

portal vein (greater than 13–15 mm), and absence of

variation in portal vein diameter during respirations. While

an acute thrombus can appear anechoic on B-mode US and

thus may not be visualized, a chronic thrombus tends to be

more echogenic, and sometimes calcifications can be seen.

US-Doppler can help distinguishing bland from malignant

thrombosis, since the latter may show pulsatile flow in the

portal vein, an extremely specific sign for this condition

[18, 68, 69].

On CT, acute thrombus is generally hyperdense and

tends to become isodense in chronic thrombosis. Post-

contrast images can be useful to differentiate bland from

tumor thrombus, since in the latter streaky enhancement

can be demonstrated [16, 18, 68]. On MRI, a bland

thrombus shows typically normal portal vein caliber and

low T2-weighted signal intensity, while a malignant

thrombus shows increased portal caliber and intermediate

to high T2-weighted signal intensity (Fig. 16) [5, 68, 69].

Pylephlebitis, an inflammatory thrombosis of the portal

vein, occuring as a complication of intra-abdominal

infections, shows diffuse periportal edema, and can be

associated with liver abscesses (Fig. 17).

Cavernous transformation of the portal vein occurs in

case of portal vein obstruction and is represented by a

mass-like conglomerate of tortuous vessels at the porta

hepatis, in the HDL or sometimes within the liver, which

can be demonstrated on US-Doppler, CT, or MRI (Fig. 18)

[68, 69].

Portal vein stenosis occurs in 1% of liver recipient after

liver transplantation [70]. Other causes are malignancy or
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Fig. 14 Biliary echinococcosis. Axial T2-weighted image (a) MRCP

single-shot (b) and axial contrast-enhanced T1-weighted during portal

venous phase (c) in a 79-year-old man with jaundice and right upper

quadrant pain show moderate intrahepatic bile duct dilatation and

fusiform enlargement of the CBD, associated with multiple internal

enhancing septations, representing daughter cysts in the context of

echinococcal disease. Courtesy of Antonio Eiras-Araujo, MD;

Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brasil.

d MRCP single-shot in a 42-year man shows a hypointense line in the

common bile duct, representing a ruptured endocyst (arrowhead).

e T2 axial image shows an echinococcal cyst in segment II and III in

the same patient (arrow)
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any surgical procedure involving resection and re-anasto-

mosis of the portal vein [5]. Focal narrowing of portal vein

and signs of portal hypertension, such as increased collat-

eral vessels, can be appreciated on CT or MR, while US-

Doppler shows a three to fourfold increased velocity across

the anastomosis (Fig. 19) [5, 16].

Portal vein aneurysms are defined as focal dilatation of

the portal venous system with a diameter greater than 2 cm

for the extrahepatic portal vein. They are most commonly

fusiform, although they can be saccular or bilobed

(Fig. 20). They represent 3% of all venous aneurysms but

are the most common visceral venous aneurysms. They can

be congenital or acquired, due to trauma, cirrhosis, portal

hypertension, surgery, and pancreatitis [5, 69, 71, 72].

Portal venous gas can be associated with various con-

ditions, including ischemic bowel disease, bowel obstruc-

tion, ingestion of caustic substances, intra-abdominal

abscesses, necrotizing pancreatitis, trauma, liver trans-

plantation, or abdominal surgery [5, 73]. US shows rever-

beration artifacts along the portal vein. CT demonstrate air

in the main portal vein or in its branches, which can be seen

as susceptibility artifacts on MR, better appreciated on

gradient echo images [5].

Conditions involving the hepatic artery

The hepatic artery can be affected by various conditions:

thrombosis, stenosis, pseudoaneurysm and aneurysm

formation.

Fig. 15 Biliary tuberculosis in a 28-year-old man presenting with

right upper quadrant pain. Contrast-enhanced axial CT images

obtained during portal venous phase show mild inflammatory changes

involving the gallbladder neck (a), the cystic duct (b), and moderate

splenomegaly (c) (white arrows), non-specific sign of biliary

tuberculosis
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Fig. 16 Portal vein thrombosis. a Transabdominal color-doppler US

of the abdomen shows a hypoechoic non-occluding filling defect in

the portal vein, confirmed on contrast-enhacend axial T1-weighed

acquired during portal venous phase (b) (arrow). c Axial CT of the

abdomen in a different patient shows a hyperdense filling defect in the

lumen of a dilated portal vein, representing an acute thrombus.

d Coronal reconstructed contrast-enhanced CT acquired duding portal

venous phase in a different patient shows a hypodense thrombus in

the superior mesenteric vein extending into the proximal portal vein,

likely representing a bland thrombus. The superior mesenteric vein

shows adjacent haziness, suggesting acute thrombosis. e Axial

contrast-enhanced CT acquired duding portal venous phase in a

different patient shows a hypodense filling defect in a dilated portal

vein with areas of streaky enhancement (arrow), suggesting tumor

thrombosis
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While the first three conditions are related to liver

transplant or liver surgery involving resection and anasto-

mosis of the hepatic artery, aneurysms can occur due to a

variety of cases, including atherosclerosis, fibromuscular

dysplasia, collagen vascular disease, trauma, infections,

pancreatitis, and vasculitis, generally when multiple [5].

Hepatic artery thrombosis presents with absence of flow on

US-Doppler and can be confirmed with contrast-enhanced

CT or MR as a hypodense or hypointense filling defect

within the vessel during the arterial phase. Hepatic artery

stenosis show increased arterial flow at the site of stenosis,

with post stenotic turbulent flow on US-Doppler, while

angiographic techniques show a reduced caliber of the

vessel, generally occurring at the site of anastomosis

(Fig. 21) [70]. Pseudoaneurysms appear as a cystic struc-

ture with turbulent arterial flow located around the artery

Fig. 17 Pylephlebitis. Contrast-enhanced axial CT image acquired

during portal venous phase shows diffuse dilation and haziness of the

hypodense portal venous branches (arrows). Focal hypodensities in

the liver are also demonstrated, representing liver abscesses

(arrowheads)

Fig. 18 Cavernous transformation of the portal vein. a T1-weighted

fat saturated image acquired during portal venous phase shows a

filling defect in the main portal vein surrounded by prominent

tortuous venous collaterals (arrow). b Coronal reconstructed CT

image acquired during portal venous phase shows a mass-like

conglomerate of tortuous vessels in the HDL surrounding the portal

vein. c Axial CT image acquired during portal venous phase in the

same patient 2 years before cavernous transformation occurred,

shows a hypodense filling defect in the portal vein consistent with a

bland thrombus
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on US-Doppler. On contrast-enhanced CT and at MR, the

pseudoaneurysm enhances on arterial phase imaging

(Fig. 22) [5]. Aneurysms can be diagnosed on cross-sec-

tional images as a dilation of the artery, with turbulent flow

or ‘‘yin-yang’’ appearance on US color-Doppler (Fig. 23)

[74].

Pancreatic disorders involving the HDL

Groove pancreatitis

Groove pancreatitis is an uncommon but distinctive form

of segmental pancreatitis affecting the pancreaticoduodenal

groove, a region located between the head of the pancreas,

the duodenum and the HDL [75]. The pathogenesis is

unclear, although a strong association with history of

alcohol abuse exists. Other predisposing conditions include

male gender, Brunner gland hyperplasia, and dorsal dom-

inant drainage of the pancreas. The clinical presentation

varies greatly, ranging from signs of acute pancreatitis to

more chronic forms [76].

Two forms of groove pancreatitis exist: a pure form,

affecting only the pancreaticoduodenal groove, and a seg-

mental form which extends into the pancreatic head [76].

CT and MRCP can be useful in diagnosing groove

pancreatitis, the pure form showing fat stranding and

inflammatory changes in the groove or a soft tissue mass,

often with ‘‘sheetlike’’ curvilinear crescentic shape with

increasing delayed enhancement. The segmental form

shows the presence of a mass in the groove, and it is

generally indistinguishable from a pancreatic head tumor.

Other signs are cystic duodenal thickening, narrowing of

the CBD and the MPD, pancreatic calcifications, ductal

dilation, and ductal beading or irregularity [76–78].

Fig. 19 Portal vein stenosis in a patient with ortothopic liver

transplantation. a US-Doppler image shows high velocity across the

anastomosis and an area of aliasing on color-doppler image at the

portal vein. b Coronal reconstructed and axial c CT images

demonstrate the stenosis of the portal vein occurring at the

anastomosis (arrowhead)
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Fig. 20 Portal vein aneurysm. a Transabdominal color-Doppler ultrasound image shows a saccular dilation of the main portal vein with turbulent

flow. b Axial CT image acquired during portal venous phase confirms the saccular aneurysm (arrow) of the portal vein (arrowhead)

Fig. 21 Hepatic artery stenosis. a Transabdominal US-Doppler image

of the hepatic artery shows elevated systolic and diastolic flow with

aliasing. b Axial T1-weighted fat saturated image acquired during

arterial phase shows the stenosis of the hepatic artery (arrow). Digital

subtraction angiography images before (a) and after stent placement

(b) confirm the stenosis of the hepatic artery
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Fig. 22 Cystic artery pseudoaneurysm in patient with acute chole-

cystitis. a MIP reconstructed CT image acquired during arterial phase

shows an enhancing structure (arrow) arising from the cystic artery.

b Coronal CT reconstructed image acquired during arterial phase

shows an arterially enhancing cystic structure adjacent to the

gallbladder (arrowhead), which shows mild wall thickening, and

adjacent fat stranding. Pseudoaneurysm of the cystic artery can occur

as rare complication of acute cholecystitis. Courtesy of Dragan Vasin,

MD; Department of Diagnostic Imaging, Clinical Center of Serbia,

Belgrade, Serbia

Fig. 23 Hepatic artery aneurysm in patient with cirrhotic liver disease

and variceal bleeding presenting with hemorrhagic shock. Axial CT

image acquired during portal venous phase shows a large saccular

aneurysm of the hepatic artery compressing the portal vein (arrow-

head). Courtesy of Dragan Vasin, MD; Department of Diagnostic

Imaging, Clinical Center of Serbia, Belgrade, Serbia. b, c Axial CT

images acquired during arterial phase in a different patient with

vasculitis shows a large fusiform aneurysm of the hepatic artery,

causing intrahepatic bile duct dilation (arrowheads) and an additional

aneurysm of the left hepatic artery
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MRCP shows the mildly hypointense ‘‘sheetlike’’ cres-

centic soft tissue on T1 weighted images, with variable

signal intensity on T2-weighted images, depending on the

acuity of the process. Duodenal wall thickening and mul-

tiple T2 hyperintense cysts in the duodenal wall and pan-

creaticoduodenal groove can be seen (Fig. 24).

Abnormalities of the distal CBD and downstream pancre-

atic duct, both of which tend to be narrowed near the

ampulla can be appreciated. A dilated gallbladder can be

appreciated due to narrowing of the CBD (Fig. 24)

[76, 77].

Acute pancreatitis

Acute peripancreatic fluid collections and acute necrotic

collections may extend from the pancreas to involve the

HDL (Fig. 25) [79]. Pseudocysts involving the HDL have

also been reported, either invading the portal vein (termed

pancreaticoportal vein fistula), or running into the omen-

tum with intrahepatic pseudocyst formation (Fig. 26) [80].

Both these conditions can be diagnosed with MRCP, which

shows either a T2-weighted hyperintense fluid collection

within the portal vein or a fluid-filled HDL [81]. Some-

times progressive narrowing of the CBD due to extrinsic

compression can occur (Fig. 27). On contrast-enhanced

MDCT a thickened edematous hypodense HDL can be seen

[80, 82].

Fig. 24 Groove pancreatitis in a 37-year-old woman with abdominal

pain. Contrast-enhanced axial (a) and MPR coronal reformatted

(b) CT images obtained during late arterial phase, T2-weighted axial

image (c) and contrast-enhanced T1-weighted axial image obtained

during portal venous phase (d), show an inflammatory mass with

multiple T2 hyperintense cysts in the duodenal wall (red arrows), fat

stranding and inflammatory change in the pancreatic groove (white

arrows), consistent with groove pancreatitis

1290 Abdominal Radiology (2019) 44:1269–1294

123



Fig. 25 Axial (a) and coronal (b) reconstructed CT image acquired

during portal venous phase shows a hypodense collection (arrows)

extending from the pancreatic head along the hepatoduodenal

ligament (arrowheads) in a patient with necrotizing pancreatitis.

Courtesy of Dragan Vasin, MD; Department of Diagnostic Imaging,

Clinical Center of Serbia, Belgrade, Serbia

Fig. 26 Pancreatic pseudocyst-portal vein fistula. a Axial CT image

acquired during portal venous phase shows a large pseudocyst along

the lesser omentum and a diffusely hypodense portal vein, and a

dilated common bile duct, b Coronal reconstructed CT image shows

the communication between the portal vein and the pseudocyst

(arrow). Courtesy of Dragan Vasin, MD; Department of Diagnostic

Imaging, Clinical Center of Serbia, Belgrade, Serbia. c 3D MRCP in a

different patient with acute pancreatitis shows a highly T-2 hyper-

intense portal vein. d T2 weighted fat suppressed axial image shows a

fluid collection anterior to the portal vein and fluid extending into the

portal vein and its branches
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Conclusions

The HDL is an anatomically complex region in which a

wide spectrum of non-neoplastic conditions can occur,

including inflammatory and infectious diseases. Familiarity

with MDCT and MRCP anatomy and awareness of the

various processes that can occur within this region are

mandatory to reach an accurate diagnosis.

Fig. 27 Narrowing of the CBD due to extrinsic compression in a

72-years-old man with history of chronic pancreatitis and epigastric

pain. a Coronal T2-weighted image show significant intrahepatic bile

duct dilatation and large pseudocyst within the pancreatic head (white

arrow) (a) extending along the HDL. b Sagittal T2-weighted image

demonstrate progressive narrowing of the CBD due to extrinsic

compression (red arrow). c Single-shot coronal MRCP image reveal

ectasia and irregularity of the main pancreatic duct (red arrows) (c)
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22. Mortelé KJ, Rocha TC, Streeter JL, Taylor AJ (2006) Multi-

modality imaging of pancreatic and biliary congenital anomalies.

Radiographics 26(3):715–731

23. Katabathina VS, Dasyam AK, Dasyam N, Hosseinzadeh K

(2014) Adult bile duct strictures: role of MR imaging and MR

cholangiopancreatography in characterization. Radiographics

34(3):565–586

24. Metreweli C, Ward SC (1995) Ultrasound demonstration of

lymph nodes in the hepatoduodenal ligament (‘daisy chain

nodes’) in normal subjects. Clinical Radiology 50:99–101

25. Lyttkens K, Forsberg L, Henderström E (1990) Ultrasound

examination of lymph nodes in the hepato-duodenal ligament. Br

J Radiol 63(745):26–30

26. Dodd GD 3rd, Baron RL, Oliver JH 3rd, Federle MP, Baumgartel

PB (1997) Enlarged abdominal lymph nodes in end-stage cir-

rhosis: CT-histopathologic correlation in 507 patients. Radiology

203(1):127–130

27. Lucey BC, Stuhlfaut JW, Soto JA (2005) Mesenteric lymph

nodes: detection and significance on MDCT. AJR 184(1):41–44

28. Lucey BC, Stuhlfaut JW, Soto JA (2005) Mesenteric lymph

nodes seen at imaging: causes and significance. Radiographics

25(2):351–365

29. Muller P, Renou C, Harafa A, et al. (2003) Lymph node

enlargement within the hepatoduodenal ligament in patients with

chronic hepatitis C reflects the immunological cellular response

of the host. J Hepatol 39(5):807–813

30. Lee WK, Van Tonder F, Tartaglia CJ, et al. (2012) CT appear-

ances of abdominal tuberculosis. Clin Radiol 67(6):596–604

31. Li Y, Yang ZG, Guo YK, et al. (2007) Distribution and charac-

teristics of hematogenous disseminated tuberculosis within the

abdomen on contrast-enhanced CT. Abdom Imaging

32(4):484–488

32. Yang ZG, Min PQ, Sone S, et al. (1999) Tuberculosis versus

lymphomas in the abdominal lymph nodes: evaluation with

contrast-enhanced CT. AJR 172(3):619–623

33. Pereira JM, Madureira AJ, Vieira A, Ramos I (2005) Abdominal

tuberculosis: imaging features. Eur J Radiol 55(2):173–180
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