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Imaging in ductal plate malformations
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Abstract

Ductal plate malformations are a heterogenous group of congenital fibrocystic liver diseases resulting from insult to the ductal plate at 
various stages of embryogenesis. As a result various biliary malformations, cysts, hamartomas and congenital hepatic fibrosis may be 
seen. We present a radiological pictorial of ductal plate malformations, accurate diagnosis of which is important for clinical management.
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Introduction

Ductal plate malformations (DPMs), also known as 
fibropolycystic liver diseases, represent a unique spectrum 
of pathological abnormalities that are caused by insult to the 
embryonic ductal plate development at various stages. This 
results in the formation of congenital cystic lesions of the 
biliary tract that involve the intra as well as extrahepatic bile 
ducts.The importance of detecting these DPMs at an early 
stage is their predisposition for pancreatitis, cholangitis, 
lithiasis, and malignancy. The purpose of this pictorial essay 
is to acquaint the readers with imaging features in DPMs.

Embryology

Ductal plate is defined as a double‑layered cylindrical 
structure of bile duct epithelium that surroundsthe 
portal ramifications by the eighth gestational week. After 
approximately the12th gestational week, remodelling of 
ductal plate begins, and maturity is attained by the end 
of gestation or early postnatal period [Figure 1]. Biliary 
ducts are normally formed from remodelling and partial 
involution of these cylindrical ductal plates. Insufficient 
remodelling and resorption leads to DPM.[1] The timing 
of defective development determines the resulting 

clinicopathologic disorder. Insult to the small interlobular 
ducts leads to congenital hepatic fibrosis or biliary 
hamartomas; autosomal dominant polycystic liver disease 
due to medium‑sized interlobular ducts; Caroli disease; 
and choledochal cyst due to the defective development of 
large‑sized interlobular ducts[1‑5] [Figures 2 and 3]. A brief 
illustration of embryology and imaging in different types 
of ductal plate malformations is tabulated in Table 1.

Von Meyernburg Complex

Von Meyernburg complex (VMC), also known as multiple 
biliary hamartomas or biliary microhamartomas, result 
from the failure of involution of embryonic bile ducts, 
with a prevalence of 1–5%.[2] It is named after Hans von 
Meyenburg, who first described this entity in 1918.[3] 
The lesions are scattered, multiple, uniform, and usually 
smaller than 10 mm, especially in the subcapsular location. 
The lesions are predominantly cystic, however, rarely can 
be solid or mixed.[4,5] They donot communicate with the 
biliary tree. On ultrasound, biliary hamartomas are seen 
as tiny hyperechoic, hypoechoic, or mixed lesionswith 
comet‑tail echoes. On computed tomography (CT), the 
lesions are small and hypoattenuating. On magnetic 
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resonance imaging (MRI), the lesions show T1 hypo/T2 
hyperintense signal with no diffusion restriction. MRCP 
may actually show the exact number and delineation of 
the lesions and lack of communication with the biliary 
tree [Figure 4]. No enhancement is seen on post‑contrast 
scans, however uncommonly; homogeneous enhancement 
or a peripheral rim enhancement may be seen which 
represents compressed hepatic parenchyma. Rarely, a 
mural nodule can be seen due to fibrocollagenous stroma. 
The differential diagnosis includes simple hepatic cysts, 
microabscesses, metastatic lesions, peribiliary cysts, and 
Caroli’s disease.[4,5] Simple hepatic cysts and metastatic 
lesions are rarely uniform in size, attenuation, and signal 
intensity. Microabscesses show diffusion restriction and 

have typical clinical presentation. Peribiliary cysts are 
classically seen predominantly in the hilum and along the 
larger portal tracts [Figure 5]. Caroli’s disease demonstrate 
enhancing central dot sign of portal radicles. VMCs may 
coexist with simple hepatic cysts or polycystic liver and 
kidney diseases. Simple hepatic cysts are usually larger 
than 10 mm in diameter on imaging and are round in 
shape.

Congenital Hepatic Fibrosis

Congenital hepatic fibrosis is a dynamic progressive 
fibrotic process involving the liver and is histologically 
characterized by a variable degree of periportal fibrosis 
and irregularly shaped proliferating bile ducts. Patients 
with congenital hepatic fibrosis typically have dysmorphic 
liver on imaging (hypertrophic left lateral segment, normal 
or hypertrophic medial segment, and atrophic right lobe), 

Figure 2: Schematic line diagram showing the types of ductal plate 
malformations depending on the duct size affected

Table 1: Ductal plate malformations: Embryology and imaging

Malformation Pathology Imaging
Biliary hamartomas Disorganised clusters of dilated cystic ductal plate remnants 

that have failed to involute; lined by a single layer of cuboidal 
cells; surrounded by abundant fibrocollagenous stroma

<10mm lesions; mainly subcapsular; hypoattenuating; 
comet-tail echoes

Congenital hepatic fibrosis Variable degree of periportal fibrosis with irregularly shaped 
proliferating bile ducts

Dysmorphic liver (hypertrophic left lateral segment, normal 
or hypertrophic medial segment, and atrophic right lobe) with 
features of portal hypertension; associated renal abnormalities

ADPCLD Malformation of the embryonic ductal plate, with formation 
of von Meyenburg complexes that are lined with functional 
biliary epithelium

>20 cysts; no communication with biliary tree; >4 cysts in 
patients with ADPKD

Caroli disease Incomplete ductal plate remodelling resulting in abnormal 
persistence of ductal plate remnants; varying degrees of 
destructive inflammation and segmental dilatation

Diffuse or segmental type; saccular dilatation of intrahepatic 
bile ducts communicating with biliary tree; central-dot sign

Caroli’s syndrome Defective remodelling involving the large and small bile ducts Congenital hepatic fibrosis and Caroli’s disease coexisting

Choledochal cyst Cause unclear; anomalous pancreaticobiliary ductal 
junction allows mixture of pancreatic and biliary juices, 
which activates pancreatic enzymes leading to consequent 
inflammation and weakening of the duct wall; may be a 
result of ductal plate malformation 

Five types classified by Todani system.

Figure 1 (A-E): Schematic line diagram showing development of biliary 
tract. (A) During 8th gestational week, ductal plate (brown), becomes 
apparent in mesenchyme surrounding portal vein radicle (blue). (B) By 
12th gestational week, remodelling starts and parts of ductal plate 
fuse and are reabsorbed. (C) Unfused portions constitute definitive 
bile ducts (green). (D) Ductal plate malformation in which continuous 
dilated duct encircles the portal vein radicle; and (E) interrupted circle 
of ectatic bile ducts
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portal hypertension, renal abnormalities (particularly 
autosomal recessive polycystic kidney disease), and 
other associated ductal plate malformation such as 
biliary hamartomas or Caroli’s disease (i.e., Caroli’s 
syndrome) [Figure 6].[6] The medial segment in congenital 
hepatic fibrosis is usually normal or enlarged contrary 
to cirrhosis due to other causes where atrophy of medial 
segment is seen.[7] Periportal high signal intensity is seen 
on T2‑weighted images due to periportal fibrosis and 
proliferating small biliary ductules,[8] and especially 
T2‑weighted half‑Fourier acquisition single‑shot turbo 
spin‑echo (HASTE) images better depict these pathological 
features. Other findings that can be seen on imaging are 
portal vein thrombosis, cavernoma formation, and benign 
regenerative nodules.

Autosomal Dominant Polycystic Liver Disease

Polycystic liver disease (PCLD) can be hereditary or 
nonhereditary. Hereditary PCLD can occur in isolation or 
be associatedwith autosomal dominant polycystic kidney 
disease (ADPKD).Isolated polycystic liver disease has been 
associated with the genes SEC63 and PRKCSH whereas 
PKD1 and PKD2 genes are implicated for ADPKD.[9] The 
prevalence of hepatic cysts is reported to be 58–75% in 
females and 42–62% in males with ADPKD.[10] These cysts 
are a result of malformation of the embryonic ductal plate, 
with formation of von Meyenburg complexes lined with 
functional biliary epithelium.[11] Two types of cysts may be 
seen in the liver in hereditary PCLD, namely, intrahepatic 
and peribiliary cysts.[12] The presence of more than 20 liver 
cysts is considered to be hereditary polycystic liver and 
replace over 50% of the hepatic parenchyma [Figure 7].
[13] In patients with ADPKD, presence of four to six cysts 
in the liver is suggestive of polycystic liver disease 
[Figure 8]. On ultrasound, cysts appear anechoic with 
well‑defined thin walls. CT scans show homogeneous, 
water‑attenuation, nonenhancing lesions; on MRI, the 

Figure 5: Peribiliary cysts. Axial contrast‑enhanced CT image 
showing cystic lesions (arrowheads) in peribiliary location on both 
sides of portal vein with associated features of cirrhosis and portal 
hypertension

Figure 4 (A and B): Von Meyenburg complexes. (A) Abdominal 
ultrasound images showed scattered hyperechoic and hypoechoic 
submillimetric lesions in liver showing comet‑tail echoes (arrowheads); 
(B) thick‑section single shot fast spin‑echo heavily T2‑weighted MR 
image shows no communication with biliary tree

A B

Figure 6 (A and B): Congenital hepatic fibrosis with Caroli’s disease. 
(A, B) Contrast‑enhanced portal venous phase images depicting 
marked dilatation of intrahepatic biliary radilces (arrowheads) with 
associated findings of congenital hepatic fibrosis – atrophy of right 
lobe and hypertrophy of medial segment (MS) of left lobe with signs 
of portal hypertension, namely, splenomegaly (s)

A B

Figure 3 (A-D): Histopathology images showing spectrum of ductal 
plate malformations (A) Caroli’s disease, (B) congenital hepatic fibrosis, 
(C) biliary atresia, (D) polycystic liver disease
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C D
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cysts show T1‑hypointense, T2‑hyperintense signal.Various 
complications may be seen in liver cystsin PCLD such 
as infection, intracystic hemorrhge, rupture, cholecystic 
jaundice due to compression of bile ducts, mass effect 
on the hepatic veins, and inferior vena cava and portal 
hypertension. The main differential diagnoses of PCLD 
are simple liver cysts, biliary hamartomas, and cysts 
associated with ADPKD. Simple liver cyst is a benign 
entity seen in normal aging liver in normal individuals, 
which is usually not associated with complications such as 
infection or hemorrhage. In patients with ADPKD, the cysts 
in liver are scattered diffusely, also known as hepatobiliary 
cysts (intrahepatic and peribiliary cysts), smaller in size, 
and associated with complications. Clinically, these 
patients present with symptoms of renal disease, unlike in 
cases of isolated PCLD which is most often asymptomatic. 
Extrarenal manifestations such as intracranial aneurysms 
and valvular heart disease are more common in patients 
with ADPKD.[14,15]

Caroli’s Disease

Caroli’s disease was first described by Caroli et al. in 1958.[16] 

It corresponds to type V choledochal cyst as classified by 
Todani et al.[17] The disease results from incomplete ductal 
plate remodelling at the level of large intrahepatic bile 
ducts which results in abnormal persistence of ductal plate 
remnants.[18] This entity is further divided into two subtypes: 
Simple Caroli’s disease and complex type associated with 
congenital hepatic fibrosis also known as Caroli’s syndrome.
It has an autosomal recessive inheritance. On imaging, Caroli 
disease can be diffuse, lobar, or segmental type. Diffuse type 
is seen as saccular or fusiform dilatation of intrahepatic 
bile ducts without any evidence of obstruction. The central 
dot sign is typical and represents malformed biliary cysts 
enveloping the portal radicle [Figure 9]. Irregular bile duct 
walls, strictures, and stones may be present. Extrahepatic 
ductal dilatation may be seen in Caroli’s disease due to 
recurrent episodes of cholangitis and stone passage, and 

this incidence may range 26–53%.[18,19] Cholangitis, cirrhosis, 
and cholangiocarcinoma are known complications. The 
exact incidence of cholangiocarcinoma in Caroli’s disease 
is not known, however, there is a 100‑fold increase in the 
risk compared to general population.[20] Sometimes, Caroli’s 
disease may be difficult to differentiate from PCLD; in 
suchcases, hepatocyte specific MR contrast agent shows 
communication between the cysts and biliary tree in cases of 
Caroli’s disease. Segmental or lobar types of Caroli’s disease 
are managed by sectionectomy or lobectomy. Diffuse type 
is managed by biliodigestive anastomosis. Liver transplant 
is advocated in patients with Caroli’s syndrome associated 
with portal hypertension and in cases with refractory 
recurrent cholangitis in diffuse Caroli’s disease.[21]

If the remodelling is defective involving the large as well 
as small bile ducts, features of both congenital hepatic 
fibrosis and Caroli’s disease are present. This condition has 
been termed “Caroli’s syndrome.” The two conditions may 
represent different stagesof the same disease.[22] Mutation 
of PKHD1 gene is responsible for Caroli’s syndrome.[23]

Immunohistochemically, the biliary cells in Caroli’s disease 
are positive for MUC1 glycoprotein.[24]

Various renal disorders may be seen in association 
with Caroli’s disease including ADPKD, ARPKD, 
medullary sponge kidney, and medullary cystic disease. 
Imaging features of ARPKD include enlarged kidney 
with radiallyarranged tubules throughout the renal 
parenchyma (fan‑shaped pattern), multiple renal cystic, 
and tubular lesions located predominantly at the medulla, 
corticomedullary junction with sparing of the peripheral 
cortex, associated with multiple renal calculi.[25]

Choledochal Cyst

Choledochal cysts are uncommon anomalies characterized 
by dilatation of intrahepatic or extra‑hepatic biliary ducts 
or both. Some authors believe it to be the result of ductal 
plate malformation and others report that it is related 
to an anomalous common channel causing pancreatic 

Figure 7 (A and B): Isolated PCLD: (A) Coronal CT image showing 
numerous fluid attenuating cystic lesions (arrows) in almost entire 
liver parenchyma. (B) Coronal T2‑weighted MR image showing T2 
hyperintense cystic lesions (arrows) in liver parenchyma in a case of 
polycystic liver disease

A B
Figure 8 (A and B): ADPKD with PCLD. (A) Single‑shot fast spin‑echo 
heavily T2‑weighted MR images showing multiple T2 hyperintense 
cysts (arrow) and biliary hamartomas (arrowheads) in liver (B) Axial 
fat‑saturated T2‑weighted MR showing numerous cysts in bilateral 
kidneys (arrows)

A B
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have shown that cystic variant of mesenchymal hamartomas 
consists of abnormally dilated biliary structures in the form 
of cystic and tortuous biliary ducts or abnormal proliferation 
of small bile ducts.[37,38]

Conclusion

Awareness of the embryopathogenesis and characteristic 
imaging features plays an important role in correct 
noninvasive diagnosis of DPMs. In addition, it is important 
to consider DPMs in the context of associated renal 
manifestations, particularly ARPKD. Sometimes, more 
than one form of DPMs can coexist in the same patient, 

Figure 9: Segmental Caroli’s disease. Contrast‑enhanced CT image 
showing segmental cystic dilatation in left hepatic lobe with “central‑dot 
sign”(arrow). Associated features of portal hypertension seen namely 
ascites (asterix)

Figure 10: Todani classification of choledochal cyst. Type IA is cystic 
dilatation; IB – focal saccular dilatation; IC – smooth fusiform dilatation 
of entire extrahepatic bile duct; Type II is diverticulum of extrahepatic 
bile duct; Type III is dilatation of distal common bile duct confined 
to wall of duodenum (choledochocele); Type IVA is multiple sites 
of dilatation of both extra and intrahepatic biliary tree; Type IVB is 
multiple sites of dilatation of extrahepatic bile duct only (string‑of‑beads 
appearance); Type V is saccular dilatation of only intrahepatic biliary 
tree (Caroli’s disease)

Table 2: Todani classification of choledochal cyst

Type Imaging Description Incidence (%)
I Dilatation of extrahepatic bile duct only 80-90

IA: Cystic

IB: Saccular

IC: Fusiform

II Diverticulum 2

III Choledochocoele involving intraduodenal portion of CBD 4-5

IV Intra and extrahepatic duct dilatation

IVa: Intra and extrahepatic cysts

IVb: Multiple extrahepatic cysts 10

V Caroli’s disease Rare

enzymes to reflux, resulting in progressive bile duct 
dilatation.[26,27] Choledochal cysts are classified into five basic 
types according to the Todanisystem [Figures 10 and 11] 
[Table 2].[28] Recently, authors have described combined 
dilatation of cystic duct and common bile duct as new variant 
of Type I or Type VI variety of choledochal cyst [Figure 12]. 
However, cystic duct dilatation may be seen coexisting 
in various combinations with other types, as described 
in the literature.[29‑32] MRCP is an excellent modality to 
demonstrate choledochal cyst. On heavily T2‑weighted 
sequences, they are characterized by a hyperintense tubular, 
fusiform, or cystic dilatation of the bile ducts. Various 
complications may be associated with choledochal cyst 
such asintraductal stone formation, gallstones, cholangitis, 
pancreatitis, cholangiocarcinoma, gallbladder cancer, and 
biliary peritonitis as a consequence of cyst rupture.[26] If left 
untreated, the risk of cholangiocarcinoma increases with 
an incidence as high up to 20–30% by the second decade 
of life.[33]

Association with Biliary Atresia

DPM‑like lesions along the portal tracts may also be seen in 
cystic biliary atresia.[34] The triangular cord sign, intrahepatic 
bile duct dilatation, and anechoic cysts at porta hepatis 
might suggest cystic biliary atresia [Figure 13].[35]

Association with Mesenchymal Hamartoma

Ductal plate malformations are also a part of tissue 
abnormalities seen in the cystic variant of mesenchymal 
hamartomas [Figure 14].[36] Pathologically, previous studies 
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and it should not deter a radiologist in reaching a correct 
diagnosis.
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Figure 14: Mesenchymal hamartoma. Ultrasound image of a child 
showing complex cystic lesion (arrow) with thick septations and fine 
internal echoes in a proven case of mesenchymal hamartoma

Figure 12: Type VI choledochal cyst.Two‑dimensional MRCP image 
showing diffuse dilatation of the common bile duct (dashed arrow), 
dilated and tortuous cystic duct (arrows) suggestive of coexistence 
of Type I and Type VI choledochal cyst. Incidental note is made of 
cholelithiasis (arrowheads)
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Figure 13 (A-D): Cystic Biliary atresia with DPM. (A, B) Ultrasound 
images showing periportal cysts (arrows) and irregular contracted 
gallbladder (dashed arrow) in a case of cystic biliary atresia.
(C, D) Coronal T2‑weighted MR confirming the above findings and 
depicting hyperintenseperiportal cysts (arrows) with small atretic 
gallbladder (dashed arrow). Note is made of changes of chronic liver 
disease with ascites
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Figure 11 (A-F): Choledochal cyst. (A) Type IA – marked cystic 
dilatation of entire extrahepatic bile duct (B) Type IB – focal saccular 
dilatation (C) Type IC –smooth fusiform dilatation of entire extrahepatic 
bile duct (D) Type II –discrete diverticulum arising from lateral wall 
of common hepatic duct (E) Type IVA –multiple sites of dilatation of 
both extrahepatic and intrahepatic biliary tree (F) Type V –multiple 
sites of saccular or cystic dilatation of only intrahepatic biliary tree 
(Caroli disease)
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