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Summary

A variety of cystic and fibrocystic lesions can occur in the liver, which may be single or multiple
and etiologically can be acquired or have genetic underpinnings. While the morphology of ductal
plate development and various associated malformations has been well described, the genetic
etiologies of many of these disorders is still poorly understood. Multiple clinical phenotypes in the
liver are proposed to originate from ductal plate malformations: congenital hepatic fibrosis,
Caroli’s disease, Von-Meyenburg complex and the liver cysts of autosomal dominant polycystic
kidney and liver diseases. While many of the patients with these disorders, particularly with
isolated liver involvement remain asymptomatic, some develop portal hypertension or symptoms
from cyst enlargement. Development of hepatocellular malignancy is a risk in a small subset.
Recent advances have made it now possible for some of these phenotypes to be genetically defined,
and intriguingly animal models of adult polycystic liver disease suggest that abnormal organ
development is not required. This review describes the current understanding, genetic
underpinning and key clinicopathologic and imaging features of these fibro-polycystic liver

diseases.
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Key points

Polycystic liver disease is a diverse group of disorders, some of which are associated with cysts
in other organs, especially kidney.

The genetic alterations associated with various polycystic disorders have been elucidated in
recent years. Concurrently, the genotype and phenotype correlations that include age of onset,
disease severity, pathology and disease progression are also becoming clear.

Each disease has characteristic clinical, imaging and pathologic features.

Depending on the disorder, either the terminal, intermediate or proximal segments of the
biliary system maybe involved, and the cysts may or may not be connected with the biliary
system.

The histology of various disorders in this group represents a varying combination of cyst
formation, fibrosis and Von-Meyenburg complexes, which often results in a unique

clinicopathologic phenotype for each disease, but some overlap between disorders also 4exists.



1. Introduction

A variety of cysts occur in the liver, which may be single or multiple. Etiologically they can be
acquired or have genetic underpinnings (1). Genetic disorders with liver cysts are associated with
defective development of the ductal plate and bile ducts in the liver and are referred to as ductal
plate malformations (DPM). DPMs represent the majority of fibrocystic diseases involving the
liver (2). These include congenital hepatic fibrosis, Caroli’s disease, Von-Meyenburg complex
(VMC) and polycystic liver disease (2, 3). Pathologically cystic phenotypes in the liver include
both autosomal dominant as well as recessive disorders, some of which have associated renal cysts
(3). While the embryology of DPM has been well described, genetic etiologies of these disorders
is not completely understood (4) (Table 1). Gene discovery efforts for both the dominantly and
recessively inherited fibrocystic liver diseases have made it now possible for these phenotypes to
be genetically defined in at least 92% of autosomal dominant polycystic kidney disease (ADPKD),
30-50% of isolated polycystic liver disease (PCLD, also known as ADPLD), and 30-40% of
nephronophthisis (5-7) (Table 1). Each of these disorders has been proposed to result from
malformation of the ductal plate at different level of biliary system, although animal models of
ADPKD—PCLD suggest that abnormal organ development is not required. Typically the distal
most intralobular ducts (<20y) are involved in the formation of VMCs, intralobular ducts between
20-50y are involved in congenital hepatic fibrosis and ducts >50u are involved in Caroli disease.
In ADPKD the cysts develop form VMCs and lose their connection with the biliary system.

It will be of tremendous value to perform a genotype-phenotype correlation of these entities. This
review describes the current understanding, genetic underpinning and key clinicopathologic
features of these fibro-polycystic liver diseases(2).

2. Fibro-polycystic liver diseases



2.1 Autosomal dominant cystic phenotypes: PCLD and ADPKD

2.1.1 Introduction: Dominantly inherited polycystic liver disease (PCLD) is characterized by
gradual accumulation and expansion of cysts arising from biliary epithelium (7). The gradual
accumulation of these cysts through adulthood, and the enlarging nature of the cysts sets the
dominantly inherited polycystic liver disease apart from recessive forms of fibrocystic liver disease
(ARPKD, CHF, Caroli disease), which present earlier in life, have smaller or no cysts and fibrosis
is the predominant feature (5-7).

2.1.2 Genetics: Typical ADPKD that can result in end stage kidney disease is caused by mutations
in PKD1 or PKD2, which encode polycystin-1 (PC1) and polycystin-2 respectively (8) (Table 1).
These proteins are known to localize on the primary cilium of renal tubular and biliary epithelial
cells, and the cilium is necessary for disease pathogenesis (9, 10). Cholangiocyte cilia are proposed
to have mechanosensory and chemosensory roles in addition to regulating bile secretion. The
unique consequences of polycystin loss appear different from the loss of cilia altogether, a finding
described using mouse models (9).

PCLD is caused by mutations in any of at least the following 7 different genes which are necessary
for the maturation of PC1 through the endoplasmic reticulum (ER): PRKCSH, SEC63, GANAB,
ALGS8, SEC61B, DNAJB11, and ALG9 (11-17). ldentification of these genes and recent study of
the associated phenotypes shows that ADPKD and PCLD exist as a phenotypic spectrum
(ADPKD—PCLD) attributed to a range in overall PC1 dosage.

At the cellular level, ADPKD—PCLD patients have a germline heterozygous mutations in each of
their cells, but cyst epithelium shows additional loss of the single remaining normal copy of the

respective gene. This was shown by several studies decades ago, then more recently by next



generation sequencing (18-22). This suggests that somatic second hit mutations to the normal allele
in individual cells, which result in the cellular recessive genotype within the tissue, are required
for the cyst initiation. The resultant loss of polycystin function results in cell proliferation,
flattening of typically cuboidal epithelial cells, and fluid secretion by incompletely understood
mechanisms which together result in a cyst. This mechanism is consistent with the clinical findings
of randomly sized and distributed fluid-filled cysts that grow in number and size with time, causing
organ enlargement.

Mouse models studying liver cysts in ADPKD—PCLD caused by Pkd1, Pkd2, Prkcsh, or Sec63
use conditional alleles to achieve the recessive genotype for the cyst epithelium which at the level
of the whole organism would be embryonic lethal (23, 24). While bi-alleleic inactivation during
development results in the rapid liver and kidney cyst progression, bi-alleleic inactivation in
adulthood also has a robust cystic phenotype, albeit more slowly progressive(9, 10). This
demonstrates that at least in mice, abnormal organ development is not required for cyst formation
in the PC1-dependent mechanism. Mouse models of bi-allelic polycystin loss show a distinct and
more severe phenotype than those that result from loss of the cilia structural components that cause
the recessive fibrocystic diseases discussed below.

2.1.3 Clinical features: Polycystic liver disease is clinically characterized into two entities by
whether it occurs with clinically relevant kidney cysts or without significant kidney cysts (25). The
former is autosomal dominant polycystic kidney disease (ADPKD); the latter is autosomal
dominant polycystic liver disease (ADPLD), also known as isolated polycystic liver disease
(PCLD). According to autopsy studies half to two-thirds of cases of polycystic liver disease occur
with kidney cysts (26-28). ADPKD prevalence is 1:400 to 1:1000, and more than half of such

patients progress to end-stage kidney disease by the sixth decade of life (29). Polycystic liver



disease of varied severity is present in 94 percent of ADPKD patients by age 35 (8). PCLD is a
relatively rare. The reported incidence clinically is in the 1:10,000 to 1:100,000 range, but this is
suspected to significantly underrepresent the actual incidence as majority of the cases when
broadly defined are asymptomatic (30, 31). This is also supported by a higher incidence of about
<0.01% in autopsies (32, 33).

The disease typically presents in adulthood (5-7). In ADPKD and PCLD, liver cyst burden
correlates with age and is significantly greater in women (8). This finding is correlated to duration
of estrogen exposures from pregnancies or birth control pills (34-36). In general, the liver disease
is less severe in PCLD than that seen with ADPKD, and there is, by definition, no associated
significant clinical renal cystic disease. In the absence of significant renal involvement, most
patients are asymptomatic with normal liver function tests, and the disease is often discovered
incidentally (32). When present, symptoms are caused by cyst enlargement, usually manifesting
as right upper quadrant discomfort/pain with associated nausea or early satiety (32). In severe
cases, cyst infection, hemorrhage, or biliary obstruction may also occur.

Cysts can also more rarely be seen in the pancreas and possibly spleen(37). Clinical diagnostic
criteria are not well defined, but in general the finding of 5 or more cysts in the liver should prompt
further consideration for polycystic liver disease(32). Although cysts do not typically cause liver
failure, their complications can necessitate surgical interventions ranging from cyst aspiration to
cystectomy or cyst fenestration to partial hepatectomy, or in some cases, total hepatectomy with
liver transplant. In general, a conservative clinical approach is appropriate (32).

2.1.4 Imaging features: Typical ADPKD—PCLD livers have a unique appearance on imaging
due to the large number of randomly distributed discrete cysts of different sizes (Fig. 1A, B). Cyst

size and number increase slowly with age, and they may have varying signal intensity (MRI),



attenuation (CT), and echogenicity (ultrasound) due to hemorrhage on imaging. Over time, the
cyst walls may calcify. When large, the cysts can exert mass effect on adjacent organs, hepatic
vascular and biliary structures.

The recent discovery of disease genes for ADPKD—PCLD has allowed for reframing the
phenotypic characterization of genetically-defined cases. For example, PCLD cases attributed to
heterozygous ALGS8 loss of function mutations ranged from having hepatomegaly with large liver
cysts, to having a normal liver size with innumerable tiny cysts (15)

2.1.5 Pathologic findings: Hepatic cysts in ADPKD and PCLD arise from dilatation of VVon-
Myenburg complexes and generally involve the liver diffusely and histologically are similar (Fig.
2A, B) (32, 38). Generally, a large number of VMCs are present in the liver and show varying
degrees of dilation and cystic change. The cyst lining epithelium is biliary-type, low columnar to
cuboidal initially and becomes increasingly flattened as the cyst enlarges (Fig. 2C,D). In some of
the larger cysts following rupture or hemorrhage the epithelial lining may get denuded and lost. In
contrast to the cysts of ARPKD, which maintain their connection to the biliary tree, the cysts of
ADPKD may lose their connection, grow in size and impinge on the hepatic parenchyma (32). The
hepatic lobular architecture is generally intact (32). Fibrosis of the background liver is not a
feature, and when seen is largely limited to areas surrounding the cyst. Fibrosis around the cyst
occurs due to pressure atrophy of the surrounding parenchyma or following cyst rupture and
subsequent inflammation. The cysts are non-dysplastic and there is no apparent increase in the risk
of any hepatocellular or biliary malignancy. Biopsy of the cysts is generally not indicated in PCLD,
and the pathologist is involved either when cysts are resected/unroofed, or when the patient
undergoes transplantation.

2.2 Autosomal recessive fibrocystic diseases



2.2.1 Introduction: Recessive fibrocystic phenotypes in the liver or kidney are caused by germline
recessive loss of proteins which are required for the function and maintenance of the primary
cilium. Such diseases are thus termed the “ciliopathies”. The resulting liver lesion is known as
congenital hepatic fibrosis (CHF) (6). CHF results from ductal plate malformation during
development that leads to progressive fibrosis of the portal tracts with time with or without
macroscopic cysts. Cases where intrahepatic bile ducts are dilated are given the diagnosis of Caroli
disease. These likely represent a continuum with each other and may co-exist when it is referred
to as Caroli syndrome (39). Clinical suspicion for CHF is often based on imaging showing
echogenic liver parenchyma with or without cysts, splenomegaly, and accompanying fibrocystic
changes of the kidneys (40). Another non-cilium related recessive disease that could have similar
phenotype to CHF is cystic fibrosis in a subset of patients with liver involvement. Most patients
with cystic fibrosis are identified with newborn screening in the United States or when the
diagnosis becomes clinically apparent due to pulmonary and pancreatic involvement. Other more
common causes of cirrhosis such as viral hepatitis, alcoholic liver disease, autoimmune causes,
and genetic disorderss such as alpha -1 antitrypsin deficiency and Wilson disease can be
distinguished by disease time course and other clinical and genetic testing. However, as phenotypic
overlap can exist, liver pathology can be an important part of the workup of fibrocystic liver
disease.

2.2.2 Genetics: Autosomal recessive polycystic kidney disease (ARPKD) is caused by recessive
loss of the PKHD1 gene which encodes the ciliary protein fibrocystin (41). This disease is
characterized by cystic dilations of the renal collecting duct which can lead to renal failure, and
ductal plate malformation in the liver which can progress with time to congenital hepatic fibrosis.

ARPKD may be clinically suspected as early as in utero, but typically in infancy or early childhood



and rarely in adults or elderly. Disease severity correlates with PKHD1 genotype, where truncating
variants are generally more severe than missense variants(42, 43). Patients with truncating variants
on both alleles more often do not survive the perinatal period, often due to respiratory or renal
failure. In contrast, those with milder mutations may survive childhood without significant kidney
issues but are diagnosed by genetic testing during work-up for CHF in adolescence or at a later
age(44).

2.2.3 Clinical features: CHF typically occurs in patients with manifestation in other organs,
particularly the kidney, when involved. The most common of which is autosomal recessive
polycystic kidney disease (ARPKD). Based on the occurrence of recessive conditions which
typically have CHF, it is estimated that recessive fibrocystic disease is present in approximately
1:10,000 to 20,000 live births (39). Additional ciliopathies defined by their constellation of organ
phenotypes have been termed Joubert syndrome and related disorders (JSRDs), Leber’s congenital
amaurosis (LCA), Bardet-Biedl syndrome (BBS), Meckel syndrome (MKS), cranioectodremal
dysplasia, Ellis-van Creveld syndrome (EVC), Jeune asphyxiating thoracic dystrophy (JATD),
oculomotor apraxia, renal dysplasia, reno-hepatic-pancreatic dysplasia (RHPD), and oro-facial-
digital syndrome (X-linked)(39, 40, 45) Nephronophthisis, the name given to recessive fibrocystic
kidney disease is seen approximately 80-90% in isolation and makes up 5% of pediatric end-stage
renal disease. Approximately 10-20% of nephronophthisis cases occur as part of these ciliopathy
syndromes. CHF is expected for the clinical diagnosis of ARPKD and MKS and has been reported
with variable frequency in JSRDs, BBS, EVC, JATD, RHPD, and OFD1 including those caused
by mutations in the following nephronophthisis-associated genes: NPHP3, NPHP11, TMEM67,

ANKSG, and DCDC2.
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Several clinical forms are recognized: portal hypertensive, cholangitic, mixed portal hypertensive-
cholangitic and latent (46). The liver disease tends to manifest typically with portal hypertension.
In general, baseline liver function tests are within normal range, although alkaline phosphatase
may be slightly elevated and hepatocytic dysfunction is often a late manifestation. This can help
distinguish it clinically from other biliary diseases such as primary biliary cirrhosis and primary
sclerosing cholangitis, which consistently have high elevations in these laboratory values. Patients
may come to clinical attention as a result of cholangitis, or variceal bleed and/or
hepatosplenomegaly due to portal hypertension (47). CHF can sometimes progress to liver failure
requiring liver transplantation(48). There is an increased risk of hepatocellular malignancies,
particularly cholangiocarcinoma associated with both CHF and Caroli disease (49, 50).

2.3 Congenital hepatic fibrosis:

2.3.1 Imaging findings: Periportal fibrosis in CHF appears as high signal intensity on T2-
weighted MR images in the liver parenchyma (Fig 3A,B) that may accompany the portal veins and
as hyperechoic periportal thickening on ultrasound (51, 52). There may be multiple large
enhancing regenerative nodules measuring up to 3.0 cm(53, 54). Many patients with CHF have
one or more associated biliary abnormalities, including VMC, Caroli disease, and fusiform dilation
of the extrahepatic bile ducts Vascular abnormalities include an enlarged hepatic artery, cavernous
transformation of the portal vein, and portal vein thrombosis (55, 56). Signs of portal hypertension,
such as varices, portosystemic shunts, splenomegaly, and ascites, are often present (Fig 3A) (53).
Ciliopathy-associated renal abnormalities, such as fibrocystic kidney disease and medullary
sponge kidney, provide additional support for the diagnosis of CHF. Some patient with CHF have
macroscopic cysts, which may assist distinguishing it from other causes of liver fibrosis on

imagingFig 3B).
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2.3.2 Pathologic findings: The pathology of CHF is best described as DPM of the interlobular
bile ducts with superimposed destructive and sclerosing cholangitis (38). Grossly the liver appear
firm and depending upon the extent of fibrosis may appear indistinguishable from cirrhosis (Fig
4A,B). The histologic hallmark of CHF is broad dense fibrous septa with numerous embedded
irregularly shaped bile duct structures(Fig 4C, D) (46). The ductular structures are uniformly
distributed across these fibrous septa. These ducts are lined by bland biliary type epithelium that
ranges from low columnar to flattened, often with a central lumen with inspissated secretions or
bile (Fig 4D). These can be easily differentiated from bile ductular reaction seen with other biliary
disorders which can also have irregular outlines, but lined by cuboidal epithelium, typically lack a
lumen and very closely hug the limiting plate of hepatic lobules. In the so-called focal form, fibrous
enlargement is predominantly relegated to the portal tracts, while in the so-called diffuse form
adjacent portal tracts are linked by broad fibrous septa (46). The fibrosis may result in cirrhosis-
like nodularity of the liver, although the septa tend to take on a “jigsaw puzzle” like appearance,
cutting out hepatocytic nodules that have geographic shapes rather than the rounded profiles
typically seen with cirrhosis (Fig 4C). Fibrosis, rather than cyst formation, is the hallmark of this
DPM, hence the nomenclature. Although bridging fibrosis may be present, the hepatocyte lobules
are generally normal in architecture and function. The central venules are still identifiable,
although they may not remain centrally located in the nodules, and the hepatic cords remain mostly
single cell thick; these features can be helpful in differentiation from typical cirrhosis.

[t should be remembered that hepatic architecture may resemble cirrhosis in the presence
of another concomitant liver disorder e.g., alcoholic liver disease or chronic viral hepatitis.

This can be further complicated by the fact that some of these patients have a milder variant
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of CHF, lack significant renal disease and tend to present at an older age (5-6th decade) (57).
When superimposed abnormal bile ducts with cystic changes are present, the disease
process is then referred to as Caroli syndrome (58).

2.4 Caroli disease:

2.4.1 Imaging Findings: On imaging, the presence of tiny dots with strong contrast enhancement
within the dilated intrahepatic bile ducts (the "central dot” sign) is suggestive of Caroli disease
This feature consists of fibrovascular bundles within dilated cystic intrahepatic ducts showing
strong contrast enhancement on CT or MR imaging (Fig 6A,B) (51, 54). The central dot sign
corresponds to a portal-vein radicle and an accompanying hepatic artery branch protruding into
the lumen of a dilated bile duct(59). In the absence of the central dot sign, MRCP can be valuable
in diagnosis of Caroli disease by demonstrating saccular dilation of large intrahepatic bile ducts
that communicate with the biliary tree (Fig. 6). However, MRCP imaging may not always
demonstrate communication between cystic lesions and draining bile ducts. In these instances,
hepatobiliary contrast agents—enhanced MRI, may demonstrate the communications between
cystic lesions allowing differentiation of Caroli disease from other cystic liver diseases. Bile stasis
in Caroli disease may result in biliary calculi, cholangitis and liver abscesses, which can be
depicted on imaging. There may be findings of secondary biliary cirrhosis due to biliary
obstruction. In Caroli syndrome, there is evidence of CHF or other fibrocystic hepatic disease,

and the bile duct dilatation is less prominent (Fig 3B).

2.4.2 Pathologic findings: Caroli Disease occurs as a component of ARPKD; however, it may

also occur without associated renal abnormalities. The condition is defined by saccular or

fusiform dilation of the large intrahepatic bile ducts, generally the right and left hepatic ducts
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and their corresponding segmental larger ducts (38). Intraluminal protrusion of duct wall
and the presence of intraductal vascular tracts are common findings. Caroli disease generally
involves the entire liver, although it may be segmental in some cases. Grossly the cyst of
variable size are seen involving the liver and seem to follow the portal tracts (Fig 6A). Biopsy
is seldom performed and is often not useful in elucidation of the disease process; histologic
examination of resection or hepatectomy specimens is more revealing. Dilated ducts may be
associated with marked chronic inflammation, acute inflammatory infiltrates, and a variable
degree of fibrosis. Inspissated bile and purulent material may be present within duct lumina
(Fig 6B, C). Asin ARPKD, the cysts are in continuity with the remainder of the biliary system,
rather than being isolated. The cysts correspond to incompletely remodeled ductal plate
remnants with a variable degree of dilation (38). In this setting presence of dysplasia or overt
cholangiocarcinoma may be seen in some cases and is a known long-term risk.

Caroli Syndrome is defined by the presence of Caroli disease type changes superimposed with
congenital hepatic fibrosis (Fig 6D) (58, 60). Caroli syndrome is more common than pure Caroli
disease without other hepatic abnormalities (58). Caroli syndrome involves the entire intrahepatic

biliary tree. Histologic findings are defined by overlapping features of CHF and Caroli disease.

2.5 Von-Meyenburg complexes

2.5.1 Introduction: Von-Myenberg complexes (VMC), or biliary hamartomas, are typically
small, often multiple, and are almost invariably asymptomatic (38). They may be seen in
otherwise normal liver, or in association with many of the other fibropolycystic
disorders/DPMs, including ADPKD, CHF and Caroli syndrome (38). The VMCs occurring

without other associated DPMs, can be few or numerous in the liver and some cases are
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associated with renal cysts. The nature of VMC remains controversial. Initially, due to their
increased presence in patients with alcoholic cirrhosis an ischemic etiology was proposed.
Subsequently their association with various DPMs was recognized and currently these are
indeed considered a spectrum of DPM involving the most peripheral intrahepatic bile ducts
(38).

2.5.2 Genetics: So far the genetic underpinning of VMC has been not studied, but a recent
case report showed presence of germline PKHD1 heterozygous mutation in a patient with
multiple VMCs (16). This suggests a likely genetic etiology like other polycystic disorders,
possibly requiring additional somatic hits for their development and progression to
neoplasia. Interestingly PKHD1 is the disease gene for autosomal recessive polycystic kidney
disease (ARPKD), as discussed above. The carrier parents of ARPKD children were thought
to be unaffected, however, a study in 2011 screened 110 such parents and found that 10
(9%) had polycystic livers, a dramatic enrichment over the general population (61). From a
different perspective, PKHD1 heterozygous loss of function mutations were found enriched,
to an extent reaching genome-wide significance, in a cohort of clinically and
radiographically-defined PCLD (62). Together, these studies identified the PKHD1
heterozygous carrier genotype as an autosomal dominant cause of PCLD, although with only
approximately 9% penetrance, and with cysts being typically small and in normal-sized
livers. The genetic or environmental factors effecting penetrance are yet to be described.
Cyst formation in PKHD1 heterozygous carriers might require a somatic second hit mutation
resulting in a focal recessive genotype of the cyst epithelium. One study showed that adult
biallelic inactivation of Pkhd1l was indeed sufficient to produce cysts in mice. Whether the

PKHD1 heterozygous carrier genotype might share the same PC1-dependent mechanism of
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cyst formation as ADPKD—PCLD is not yet definitively known, although the lack of large
cysts may suggest against it. We suspect that individuals with heterozygous PKHD1
mutations likely have VMCs, some of which enlarge and appear as cysts on imaging. This
coincides with the incidence of about 5-7% for VMC in autopsies/ liver biopsies.

2.5.3 Clinical findings: VMC are asymptomatic and often incidentally detected, either on
imaging or pathology. Their incidence increases with age, reaching a peak around the 6-7th
decade, irrespective of gender (62). No therapy is required, however, presence of multiple
VMCs may prompt one to look for cystic renal disease. The differential diagnosis for these
includes a variety of simple hepatic cysts, developmental malformations, infectious cysts and
abscesses, and cystic neoplasms. There are several case reports and small series reporting
their association with bile duct adenomas and cholangiocarcinomas which suggests a pre-
neoplastic potential.

2.5.4 Imaging findings: Because VMCs exhibit a range of histopathologic features, they have
variable appearance on imaging, depending on their size, degree of ductal dilation, and density of
surrounding fibrous stroma. They are usually identified when they appear as diffuse, uniform, tiny
(1-15 mm) cystic lesions that do not communicate with the bile ducts, an appearance on T2-
weighted MRI and MRCP termed the “starry sky” liver (Fig 7A,B )(8, 30, 63). Following
administration of intravenous contrast, there might be thin, smooth, enhancing rim which is often
more apparent on MRI compared to CT(8). However, when the lesions consist of primarily fibrous
stoma and minimal ductal dilatation, they may demonstrate mild T2-hyperintensity or may not
even be apparent on cross sectional imaging. On ultrasound, tiny individual lesions cannot be
resolved and are instead interpreted as diffuse heterogenous liver echotexture. Larger ones (>10

mm) may appear hypoechoic or anechoic and comet-tail artifact may be seen (29).
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2.5.5 Pathologic findings: VMCs are asymptomatic, commonly encountered during
laparotomy and are frequently sent for frozen section to rule out metastasis. VMCs may be
present throughout the liver, however, grossly they are most easily recognized on the
capsular surface as 1-5mm whitish nodules (Fig 8A)(38). They are also discovered
incidentally in liver biopsies, resections or at autopsy(62). VMCs consist of dilated irregular
small ducts lined by biliary epithelium, which are embedded in a fibrous, and often
hyalinized stroma (Fig 8B,C)(38). Often the background liver is unremarkable, but
sometimes they can be seen associated with other liver diseases and cirrhosis (Fig 8D). The
lining epithelium can be columnar but tends to become cuboidal or flat as the ducts become
more dilated. Inspissated bile within dilated lumina is common. Secondary changes like
hyaline fibrosis, extensive cystic change, inflammation, and calcification may occur. Some
lesions may undergo extensive sclerosis or cystic change such that their underlying nature
may become impossible to recognize. These need to be differentiated clinically form bile duct
adenoma, cholangiocarcinoma and metastasis. Some VMCs show bile duct adenoma
immediately adjacent to it, and some have overlapping features with it, where the
differentiation is often arbitrary and subjective. In addition, their co-occurrence in some
cases argues that these may be related.

2.6 Non-genetic liver cysts

The differential diagnosis of polycystic or fibrocystic liver disease includes benign, malignant, and
infectious etiologies. Fungal micro-abscesses can have similar appearance to multiple biliary
hamartoma but present with fever and signs of infection. Echinococcal liver cysts can have similar
appearance to sporadic cysts or even PLD, although have a more focal distribution, and require

exposure to areas of the world where this parasite lives. Several additional diagnoses can result in
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lesions of similar appearance to fibrocystic disease. Many of these lesions such as hemangiomas,
angiomyolipomas, or a primary biliary or hepatic malignancy should be easily distinguished
radiographically from genetic causes of polycystic and fibrocystic liver disease as they are
individual lesions with different imaging characteristics. Metastatic disease to the liver can in some

cases require more careful imaging evaluation or biopsy to evaluate fully.
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Figure legends.

Figure 1 (A) CT scan and (B) T1-weighted MRI of a 61-year-old male with autosomal dominant
polycystic kidney disease (ADPKD) showing innumerable hepatic cysts, some with increased
attenuation and signal intensity (arrows) indicative of hemorrhagic or proteinaceous material in

the cysts.

Figure 2 (A) Gross photograph of a liver section in a patient with autosomal dominant polycystic
kidney disease (ADPKD) showing multiple cysts of varying sizes involving, and enlarging the
liver diffusely. The background liver parenchyma grossly looks unremarkable. The gross and
histologic changes features are indistinguishable from autosomal dominant polycystic liver disease
(ADPLD). (B). Histology of cysts in ADPLD at low magnification showing cysts of various sizes,
few Von-Meyenburg complexes and dense fibrosis around the cysts. (C) Higher magnification of
the cysts to show denudation of the lining epithelium in some of the cysts and dense hyalinized
sclerosis around some of them. (D) Close-up of the cysts showing non-dysplastic low cuboidal to

flattened epithelium lining the cysts.

Figure 3 (A) 38-year-old female with congenital hepatic fibrosis. Contrast-enhanced CT shows a
cirrhotic-appearing liver along with manifestations of portal hypertension including splenomegaly
and portosystemic shunts. (B) T2-weighted MRI in a 40-year-old female with congenital hepatic
fibrosis and also showing fusiform dilatation of the intra- and extra-hepatic bile ducts consistent

with Caroli syndrome.
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Figure 4 (A) Gross photograph of the liver and its cut surface (B) showing diffuse nodularity which
is indistinguishable from cirrhosis on gross examination. (C) Histology of congenital hepatic
fibrosis at low magnification showing various sized irregular islands of hepatocytes separated by
fibrous septa containing ductular profiles that have ductal plate like architecture. (D). Higher
magnification showing the ductular structures are irregular in outline, show varying degree of
luminal dilation of the and lining of low cuboidal to flattened epithelium. The surrounding

connective tissue is very dense and hyalinized.

Figure 5 (A) Coronal contrast enhanced-CT in a 10-month-old male with Caroli disease, congenital
hepatic fibrosis, and autosomal recessive polycystic kidney disease (ARPKD) showing portal
veins in the center of markedly dilated bile ducts, resulting in the appearance of the “dot sign” on

the axial images (B)

Figure 6 (A) Gross photograph of a liver in a patient with Caroli disease with the cut section
features showing variable sized cysts that are dilated bile ducts and seem to follow the portal tracts.
(B) Histology of cysts at low magnification showing various sized biliary cyst. The fibrosis is seen
surrounding the cysts and follows the portal tracts, but the liver lacks the nodularity and extensive
septa formations seen with Congenital hepatic fibrosis. (C) The cysts contain inspissated bile in
the lumen and lined by low columnar to cuboidal biliary type benign epithelium. (D) A biopsy
showing a fibrous septum with few irregular biliary structures on one side of the biopsy along with

biliary type cysts on the other side of the biopsy suggestive of a Caroli syndrome.
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Figure 7 (A) MRI showing diffuse, uniform, tiny cystic lesions that do not communicate with the
bile ducts. (B) Appearance on T2-weighted MRI and MRCP termed the “starry sky” liver, is

characteristic of Von-Meyenburg complexes.

Figure 8 (A) Gross photograph of a liver in a patient with multiple Von-Meyenburg complexes.
The cut section fails to show the lesions as the lesions are very tiny and unless show secondary
changes like extensive cystic change, calcifications or enlargement, these are not grossly visible
on the cut section, but otherwise are easily seen (B) as tiny small while nodules on the capsular
surface (inset). Von-Meyenburg complexes shows irregular ductular structures, often containing
inspissated bile in the lumen and lined by low cuboidal to flattened epithelium. The surrounding
connective tissue is very dense and frequently hyalinized. Adjacent liver parenchyma appears
normal without any fibrosis. (C) A case of cirrhosis due to hepatitis C virus infection showing
incidental multiple scattered VVon-Meyenburg complexes in the fibrous septa. Finding incidental

VVon-Meyenburg complexes associated with any other liver disease is not uncommon.
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Table 1. Liver phenotypes associated with ductal plate malformations

Lesion/ Age/Gender Genes Chromosome Mode of | Other organs | Associat | Comments
disease inheritance involved ed VMC
CHF Neonates to | PKHD1 6pl2.2 AR (mostly), | Kidney Yes Cholangiocar
Young adults AD and X- | (ARPKD) cinoma,
(<30Y) linked rarely Portal
hypertension,
rarely HCC
Caroli Adolescents PKHD1 6pl2.2 AR (mostly), | Kidney Yes Cholangiocar
disease (<30Y) AD and X- | (ARPKD) cinoma,
linked rarely Cholangitis
Multiple Adults to | unknown No Sometimes Yes Cholangiocar
VMCs elderly established Kidney cinoma,
inheritance rarely HCC
pattern
PCLD 30-50Y PRKCSH 19p13.2 AD some genes | Yes ?
SEC63 6021 with variable




(Isolated LRP5 16g13.2 kidney/liver
liver, also ALGS cyst
known as ALG9 distribution
ADPLD) GANAB
SEC61B
DNAJB11
PKHD1
PLD in | 30-50Y PKD1 16p13.3 AD Kidney Yes
association PKD2 4921
with

ADPKD
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61 year old male with APCKD
CT (A) and T1-weighted MRI (B) show innumerable hepatic cysts, some with increased attenuation and signal intensity (arrows).
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