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KEY POINTS

e The congenital intrahepatic diseases of the dog and cat are predominantly caused by
vascular and biliary dysgenesis.

e The clinical characteristics of congenital hepatobiliary disorders are diverse and may man-
ifest at any life stage.

e While etiologies of intrahepatic congenital anomalies are incompletely characterized, it is
speculated that germline and somatic mutations, deranged epigenetic regulation, and
environmental disruptors of organogenesis are causal.

INTRODUCTION

In dogs and cats, the clinically recognized congenital liver abnormalities encompass
developmental abnormalities of the biliary and vasculature systems. While congenital
anomalies are present at birth, the diagnosis of hepatobiliary and hepatovascular mal-
formations can be challenging due to the diverse clinical presentation and the absence
of immediate clinical signs. Inconsistencies in nomenclature and classification of the
congenital anomalies of the hepatic microvascular complicate matters further. The
objective of this study is to review normal vascular and biliary developmental anatomy
and to summarize the currently available data on intrahepatic congenital diseases in
cats, dogs, and, where relevant, other species.

Congenital Disorders of the Intrahepatic Vasculature

Vascular development during normal liver organogenesis
In the embryonic liver, genesis of the venous vascular system precedes bile duct and
arterial development. The afferent vascular supply to the fetal liver arises from paired
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Abbreviations

ADPKD autosomal dominant polycystic kidney disease
AVMs  arteriovenous malformations

DPMs  ductal plate malformations

HAVMs hepatic arteriovenous malformations

IHPSS  intrahepatic portosystemic shunts

MRCP  magnetic resonance cholangiopancreatography
MVD microvascular dysplasia

PLD polycystic liver disease

PVH portal vein hypoplasia

PVHP  portal venous hypoperfusion

vitelline and umbilical veins.” The vitelline veins form the extrahepatic portal system
and a plexus within the liver, the primordial hepatic sinusoids, which drains into the
cardiac sinus venosus. The umbilical veins, which drain the yolk sac and placenta,
initially run parallel to the vitelline veins. During hepatic organogenesis, the right cranial
umbilical vein and caudal umbilical veins regress and the right middle segment an-
nexes with the intrahepatic vitelline plexus, leaving the left intrahepatic umbilical
vein from which the ductus venosus originates. Oxygenated blood from the placenta
is delivered through the left umbilical vein to the portal sinus where it is transported to
the ductus venosus and into the vena cava.? A small percentage of placental blood is
delivered to the developing sinusoids, but the ductus venosus is the major intrahepatic
conduit shunting blood from the placenta to the systemic circulation during fetal
development. The ductus venosus functionally closes after birth once umbilical
venous perfusion regresses, but patency persists in most dogs for 3 to 6 days after
birth and as long as 9 days in Irish Wolfhounds.® Mechanical closure of the ductus
venosus can take weeks.* Hepatic arterialization begins in the portal mesenchyme,
which will become the adventitia of the intrahepatic portal tracts. Intrahepatic angio-
genesis is independent from venous development and begins after the biliary ductular
system.® Arterial vessels develop adjacent to the intrahepatic bile ducts and rely on
local angiogenic growth factors and morphogenic signaling stimuli.5’

Normal intrahepatic vascular architecture
The afferent blood supply in the adult liver is derived from the portal venous system
(70%-80%) and the arterial system (20%-30%). The portal vein enters the visceral
face of the liver at the porta and divides into the left and right branches, with sequential
ramifications to the liver lobes.®° The right portal branch (Ramus dexter) delivers
blood to the caudate process of the caudate lobe and the right lateral lobe and the
left branch (Ramus sinister), supplies venous blood to the remaining liver lobes.®°
The hepatic artery branches at the hepatic porta into 3 branches (right lateral, right
medial, and left) in dogs and 2 branches in cats, which follow the portal venous ram-
ifications.*® % Normal anatomic variations of the secondary and tertiary portal venous
and arterial branching patterns are reported in dogs and cats.®"°

The macroscopic portal vasculature progressively arborizes to mesocirculatory and
microcirculatory vascular networks."! The hepatic venous microcirculation begins at
the portal venule and traverses to the terminal portal venules, which directly connect
with the hepatic sinusoid.'® '3 Arterial blood travels a more circuitous route on its way
to the sinusoids.>'? Four communication conduits between the terminal arterioles and
hepatic venules have been identified: the peribiliary plexus, terminal arteriosus twigs,
portal venous vasa vasorum, and direct arterioportal anastomosis.'? In humans, the
peribiliary plexus predominates, but the microcirculatory arterial distribution has not
been described in cats and dogs. Mixed arterial and venous blood enters the hepatic
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sinusoids and filters through the specialized fenestrated endothelium to hepatocytes.
The terminal hepatic venules of the hepatic lobule collect sinusoidal blood and ulti-
mately coalesce with the hepatic veins. The efferent intrahepatic venous circulatory
system flows into the vena cava, where posthepatic blood re-enters the systemic
circulation.

Macroscopic intrahepatic vascular anomalies. Hepatic arteriovenous malformations
(HAVMs, arterioportal vascular anomalies, and hepatic arteriovenous fistula) are rare
congenital vascular communications between the hepatic arterial and venous sys-
tems.”* Congenital HAVM are caused by failure of arteriovenous differentiation during
hepatic organogenesis.'® Intrahepatic vascular organization requires the regulation of
signaling pathways that control tubulogenesis, branching, elongation, and pruning.
Disruption of these homeostatic pathways leads to malformed and fragile vessels.'®
In humans, HAVMs are a component of hereditary hemorrhagic telangiectasia syn-
drome (type 2), which occur along with small arteriovenous malformations (AVMs; tel-
angiectases) in the lips, tongue, gastrointestinal mucosa, face, and fingers.' In
humans, hereditary and somatic mutations resulting in protein loss of function are
known for some vascular malformation syndromes, but the majority of AVMs can be
sporadic and mutations distinct from the patient’s genomic DNA have been identified
in the endothelial cells isolated from AVMs."” Angiogenic signaling factors (eg,
vascular endothelial growth factor [VEGF], angiopoietin-tyrosine kinase with immuno-
globulin and epidermal growth factor homology domains 2) are implicated in the path-
ogenesis of somatic AVM mutations.'®'® Many proteins and signaling pathways
deregulated in AVMs are also implicated in oncogenesis and repurposing of antiangio-
genic drugs has been proposed as a therapeutic strategy for human patients with
AVMs.20

Clinical characteristics of hepatic arteriovenous malformations HAVMs are rare
congenital vascular anomalies in canine and feline patients.?"?> The connection be-
tween the arterial and venous systems results in a high-velocity hepatofugal (directed
away from the liver) venous blood flow. The arterial feeder can connect with the hepatic
venous or portal venous system and where the blood is shunted determines the clinical
consequences. Connection with the hepatic veins leads to cardiovascular overload or
pulmonary hypertension. Portal hypertension results when hepatic arteries interface
with the portal venous system. Clinical signs of HAVMs include poor appetite, failure
thrive, cardiovascular overload, or the sequelae of portal hypertension (abdominal effu-
sion, acquired portosystemic shunts, and hepatic encephalopathy). HAVMs may be
diagnosed at any age, but because clinical signs can be severe, dogs and cats are
typically identified before 2 years of age. Any breed may be affected but beagles,'®
dachshunds,?® Labrador retrievers,?!:2® St Bernards,?* Welsh corgies,?' poodles,?’
and Weimaraners?® are overrepresented in the veterinary literature. Laboratory abnor-
malities mirror dogs with congenital portosystemic shunts, but microvascular RBC
fragmentation (keratocytes and schistocytes) may also be present due to microvascular
shearing. HAVMs are readily identified with color flow Doppler abdominal sonography,
but computed tomography angiography is the preferred diagnostic imaging modality
and a must prior to interventional therapy.?! Subclassification of HAVMs is based on
intrahepatic location (left medial, left lateral, and right lateral). Historically, surgical lo-
bectomy or AVM ligation were the only available treatment options, but newer emboli-
zation techniques have been proposed, which may achieve better outcomes.?%25-27
Congenital HAVM can occur in isolation or as a component of a hereditary vascular
macroscopic and microscopic malformation complex.?’?® Prognosis is guarded to
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poor for cats and dogs with HAVM and even those that survive interventional therapy
may require chronic medical management for sequelae associated with the HAVM.

Intrahepatic portosystemic shunts (IHPSS) are aberrant vascular connections be-
tween the portal veins and the systemic circulation within the liver. IHPSS are classi-
fied by regional location, left, central, and right division. Left divisional IHPSS arise
from persistence of the embryonic ductus venosus, but the origins of central and right
divisional IHPSS are less clear; ectopic ductus venosus, incomplete vitelline, or umbil-
ical venous (omphalomesenteric vein) involution have been proposed.?°=3? Heritability
of IHPSS is well documented in dogs but the pattern of expression is complex.®33"
Although candidate genes have been proposed, a definitive causal mutation for IHPSS
has not been identified.®*3%3® This may reflect differential gene expression due to
epistasis between multiple loci or epigenetic regulation. Data from human pediatric
patients with intrahepatic vascular malformations suggest that most mutations in
this species are sporadic; endothelial cell-type specific somatic changes leading to
loss of heterozygosity are associated with the IHPSS phenotype.'%3°

Clinical characteristics of intrahepatic portosystemic shunts The readeris directed to
Genna F. Atiee and Audrey K. Cook’s article, “Intrahepatic Congenital Portosystemic
Shunts,” in this issue for an in-depth clinical review of IHPSS.

Portal vein aplasia (agenesis, congenital absence of the portal vein), portal vein
atresia (stenosis), and portal vein hypoplasia (PVH; primary hypoplasia of the portal
vein, PHPV) refer to the incomplete or arrested development of the portal vein and
its macrovascular ramifications in the liver. The congenital absence of a portal vein
is correlated with abnormal involution of the umbilical vein during development.“° Por-
tal vein aplasia or atresia may impact segmental hepatic divisions. Aplasia or severe
atresia of the portal vein branches leads to portal hypertension and, if regional,
reduced mass of the corresponding liver lobe(s).*"*? In humans, PVH is a comorbidity
of biliary atresia and is an imaging diagnosis applicable when the portal vein diameter
is less than or equal to the adjacent hepatic artery.*>** PVH may cause portal hyper-
tension in pediatric patients with biliary atresia and is managed with liver transplanta-
tion and portoplasty.*® In veterinary and human patients, portal vein aplasia or atresia
has been reported concurrently with congenital portosystemic shunts and other
congenital vascular anomalies.*6~*® Portal vein aplasia or severe atresia/hypoplasia
precludes portosystemic surgical attenuation, but diagnosis of morphologic portal
vein abnormalities in this cohort of patients is complicated by hypoperfusion caused
by the portovenous shunt. Dynamic angiographic imaging and portal pressure mea-
surements during interventional attenuation procedures are warranted to determine
whether shunt occlusion should be attempted or not.

Clinical characteristics of portal vein aplasia, atresia, and hypoplasia The in vivo
diagnosis of an absent or attenuated portal vein is made by careful evaluation of the
portal vasculature using advanced angiographic imaging. Morphometric analyses of
the portal vein to aorta ratio has been used as a diagnostic aid for extrahepatic porto-
systemic shunts.*®-°° Less data are available for intrahepatic portal vein indices, but
portal vein diameter at the porta hepatis, principal branching patterns (primary through
tertiary), and hepatic perfusion have been assessed by computed tomographic angi-
ography in dogs.®' Caution must be exercised because hypoperfusion of the prehe-
patic portal venous system can reduce vasculature diameter. Reduced portal blood
flow is caused by portosystemic shunting, extravenous compression, or intravenous
obstruction, which are readily identified via abdominal imaging. Importantly, PVH
cannot be discerned microscopically because the histologic changes are
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phenotypically identical to the microscopic changes caused by portal venous hypo-
perfusion (PVHP). Cats and dogs with portal vein aplasia, atresia, and morphologic hy-
poplasia can develop portal hypertension with associated abdominal effusion,
acquired portosystemic shunts, and hepatic encephalopathy. Management is
supportive.

Microscopic intrahepatic vascular anomalies. This section focuses on malformations
in microscopic portal venules, rather than the changes in larger vessels discussed
earlier.

PVHP (hypoperfusion phenotype) is characterized histologically by small portal
tracts, lobular atrophy (portal tracts near centrilobular venules), small hepatocytes
with increased binuclear cells in the periportal region, increased number of thick-
walled arterioles, and small or absent portal venous profiles.*?->* PVH cannot be dis-
cerned from PVHP microscopically because the lesions are identical.>> The dynamic
nature of the histologic hypoperfusion phenotype is best demonstrated in normal dogs
after establishment of an Eck fistula, a surgical procedure that anastomoses the portal
vein to the vena cava.®® Rapidly after surgery, the histology of the liver changes to
reflect PVHP, portal venule profiles are no longer apparent, hepatic arterioles prolifer-
ate and become tortuous, and the hepatic lobule atrophies.>%°°

Clinical characteristics of portal venous hypoperfusion Any cause of reduced portal
venous blood flow can cause PVHP. Etiologies include macroscopic venous malfor-
mations (portal vein aplasia, atresia, or hypoplasia), congenital or acquired portosys-
temic shunts, portal venous thrombi, abdominal masses, metastatic neoplasia, or
chronic splenic or gastric torsion/dilatation. A thorough clinical investigation with
abdominal imaging is needed to determine the underlying cause.®®

Microvascular dysplasia (MVD) is caused by the abnormal development of the he-
patic microcirculation. Typically, MVD shares the phenotypic characteristics of
PVHP (see earlier discussion). Vascular dysgenesis may impact the portal venule, he-
patic venule, or the more complex hepatic arteriolar network.>?-5* MVD encompasses
many anomalies including microscopic portal venous hypoplasia. Given the unique
anatomy of intrahepatic vascular pathways and the profound distensibility of the he-
patic sinusoid, portal hypertension is a rare consequence of MVD, yet clearance of
blood and contrast agents from the hepatic sinusoids may be delayed in dogs and
cats with MVD.**°” Complete characterization of the dysplastic microvascular pheno-
types will require advanced microscopic imaging and molecular methods coupled
with meticulous analysis of hepatic histology.'*:%®

Note: Some pathologists prefer to group MVD under the term “primary portal vein
hypoplasia.”®® In this context, hypoplasia refers to incomplete development of the
portal venules, which in the author’s opinion does not logically precede the broader
classification scheme of dysplasia and, in the absence of developmental fate map-
ping, is an etiology that remains difficult to document.

Clinical characteristics of microvascular dysplasia MVD is predominantly docu-
mented in small-breed dogs. While patients are asymptomatic, they are identified
because of high total serum bile acid concentrations detected during congenital por-
tosystemic shunt screening. Computed tomography angiography to rule out a congen-
ital portosystemic shunt and liver biopsy are needed for definitive diagnosis, but this is
not usually necessary. MVD can be distinguished from macroscopic congenital
vascular anomalies with the protein C assay. Protein C is an anticoagulant glycopro-
tein. Protein C values are greater than 70% in 95% of dogs with MVD, but computed
tomography angiography is recommended for clinically suspicious patients
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particularly those with a protein C value in the “gray zone” (70%-100%).°° Small-breed
dogs including Cairn terriers, Tibetan spaniels, Maltese, Havanese, Yorkshire terriers,
Norfolk terriers, and miniature schnauzers are overrepresented. Affected dog breeds
overlap with breeds predisposed to congenital extrahepatic portosystemic shunts.
MVD and congenital portosystemic shunts are reported as comorbid conditions®*;
however, liver biopsy taken at the time of portosystemic shunt attenuation surgery
cannot be used to make this diagnosis because hypoperfusion causes the same his-
tologic changes. No treatment is required for dogs with MVD, but caution should be
exercised when prescribing drugs metabolized by the liver; dose reduction for seda-
tives may be warranted. In a subset of patients with MVD, persistent or intermittent
mild-to-moderate hepatic transaminase activity is identified and may be due to con-
current gastrointestinal disease or inflammatory liver disease. Preliminary therapy
with antioxidants (S-adenosylmethionine or vitamin E) and diet modulation is recom-
mended prior to liver biopsy in this subset of patients.

Congenital Disorders of the Intrahepatic Bile Ducts

Normal bile duct development in liver organogenesis

The endodermal bud derived from the foregut gives rise to the hepatic diverticulum.®°
The extrahepatic biliary system differentiates from an embryologic niche (pars cystica
of the hepatic diverticulum) distinct from the derivation of the liver and intrahepatic
ducts (pars hepatica of the hepatic diverticulum).®’ Ductal development begins at
the hepatic hilum from the ductal plate of the cranial liver bud and expands peripher-
ally, following the anatomic pattern of the portal venous system.®" Signaling between
the portal venous mesenchyme and liver bud hepatoblasts promotes differentiation of
these bipotential precursor cells to the cholangiocyte lineage.®?°® Cholangiocytes, the
epithelial component of the intrahepatic bile ducts, differentiate circumferentially
around the portal vein to establish the first layer of the ductal plate (portal plate).
This single layer of cholangiocytes adjacent to the portal vein potentiates the develop-
ment of a second peripheral layer (lobular ductal plate) adjacent to the hepatocytes.
The double-layered ductal plate remodels extensively during late gestation.®%:%* Seg-
ments of the ductal plate form tubules and are incorporated into the periportal mesen-
chyme as precursors of the intrahepatic bile ducts. The residual ductal plate cells
undergo apoptosis and remnants are resorbed.®® In mammals, the development of
the biliary system is not complete until after birth.

Normal intrahepatic bile duct architecture

The bile duct network branches in a dichotomous, rarely trichotomous, dendritic (tree
like) or magistral (branching from a single stalk) pattern arborizing 7 to 11 branch or-
ders.®® Bile is synthesized in hepatocytes and is collected in canaliculi between hepa-
tocytes, from which it flows to the canals of Hering (ducts lined by both cholangiocytes
and hepatocytes), on to the bile ductules and the interlobular bile ductules of the portal
tracts. From the small intrahepatic ducts, bile collects in the large bile ducts and exits
the liver via the right and left hepatic ducts (Fig. 1).

Hepatic ductal plate malformation and fibropolycystic liver disease

Ductal plate malformations (DPMs) are a heterogeneous group of developmental ab-
normalities caused by dysgenesis of the primordial ductal plate. In fibropolycystic liver
disease, failure of the ductal plate to remodel leaves fetal duct remnants that either
transdifferentiate into mesenchymal cells or stimulate fibrogenesis.®® In some DPM
subtypes (eg, congenital hepatic fibrosis), a robust and progressive deposition of
extracellular matrix in the portal tract is the major driver of the clinical phenotype.
Morphologic abnormalities of segmental branches of the biliary tree are correlated
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Fig. 1. The normal intrahepatic bile ducts and ductal plate malformations. (Courtesy of Dr
Joseph B. Preston.)

to specific genetic mutations in humans. Many of the reported mutations deregulate
primary cilia development or function. Primary cilia are organelles expressed by chol-
angiocytes that are essential for cellular differentiation and morphogenesis.®” DPMs
are nonmotile ciliopathies. While heritability is implicated in dogs and cats, no defini-
tive mutations have been reported at this time.58-7°

DPMs are uncommon in cats and dogs but are increasingly recognized.”! Subtypes
identified in the veterinary literature include congenital hepatic fibrosis,”2~"> Caroli
malformation,’”?7°"8 polycystic liver disease (PLD),°®7%79 biliary cystadenoma,
and bile duct hamartoma.8%8! More than one DPM subtype may occur simulta-
neously in the same patient or be associated with other congenital anomalies such
as polycystic kidney disease, pancreatic cysts, gallbladder agenesis, choledochal
cysts, and, rarely, vascular anomalies.”?77:82:83 |t is of note that because the embryo-
logic origin of the extrahepatic bile duct is distinct from the intrahepatic bile ducts,
extrahepatic choledochal cysts are not classified as DPMs. The clinical characteris-
tics of DPM phenotypes are diverse. Subtypes of DPM are recognized in both canine
and feline patients with the proliferative bile duct phenotypes (eg, congenital hepatic
fibrosis) being more commonly identified in dogs and saccular dilations of the
medium-to-large-sized bile ducts (eg, Caroli malformation) more often described in
cats. The salient features of the canine and feline fibropolycystic liver diseases will
be summarized individually later, but significant overlap exists (see Fig. 1). Any breed
may be affected, but Boxers,”? Cairn terriers,®® Chihuahuas,®2-%® Collies,”® Toy poo-
dles,®? Siamese,”® and Persian cats®®’® are overrepresented in the veterinary litera-
ture. There is no apparent sex predilection, and although DPMs are present at birth,
the onset of clinical signs is variable. Sequelae from progressive fibrogenesis and
cyst distension may not become clinically relevant well into adulthood delaying the
age of diagnosis.

Diagnosis of DPMs in veterinary medicine relies on recognition of characteristic clin-
ical signs, clinicopathologic abnormalities, diagnostic imaging, and, often, liver histo-
pathology. Ultrasonography of the biliary tree remains the primary diagnostic imaging
method used in humans and veterinary patients due to the low cost and ready avail-
ability, but sonographic imaging of the biliary tree requires a high operator skill level
and imaging windows can be limited by bowel gas and small patient size. Further,
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many abnormalities of the small and medium bile ducts are not readily appreciated
with sonography. In humans, endoscopic retrograde pancreatography has historically
been used to diagnose intrahepatic biliary disease, including Caroli malformation, but
unacceptable side effects including pancreatitis, damage to the biliary tree, and hem-
orrhage have prompted a move to noninvasive imaging modalities such as magnetic
resonance cholangiopancreatography (MRCP) and liver MRI, which are the diagnostic
imaging modalities of choice in human medicine. Using T2-weighted imaging, MRCP
highlights the biliary and vasculature structures of the liver without contrast. Contrast-
enhanced (gadolinium ethoxybenzyl diethylenetriamine penta-acetic acid) T1-
weighted imaging is also helpful.®’ MRI for the diagnosis of congenital hepatobiliary
disease is not widely reported in veterinary medicine but may be feasible.84-8°

PLD is characterized by cystogenesis of medium-sized ductal plate remnants that
are disconnected from the biliary tree. PLD may occur concomitantly with polycystic
kidney disease in cats, dogs, and humans.58:69:74.79.87.88 Tyyncation or dysfunction of
polycystin-1 gene (PKD1), a protein localized to the primary cilium of the renal and
biliary epithelium, causes autosomal dominant polycystic kidney disease (ADPKD) in
cats and humans.®:°° Multiple genetic mutations have been identified in human pa-
tients with PLD (polycysytin 2 gene [PKD2], low-density lipoprotein receptor-related
protein 5 gene [LRP5], beta subunit of glucosidase Il gene [PRKCSH], protein trans-
port protein Sec61 subunit beta gene [SEC678], SEC63 Homolog, protein transloca-
tion regulator gene [SEC63], glucosidase Il alpha subunit gene [GANAB], ALG8, Dnad
heat shock protein family (Hsp40) member B11 gene [DNAJB11], and alpha-1,2-man-
nosyltransferase gene [ALGY]).” Mutations in these genes, in conjunction with somatic
hit mutations that result in loss of heterozygosity, alter polycystin-1 biogenesis and
manifest in a continuum of ADPKD and PLD phenotypes, including isolated PLD.®"
PLD mutations aside from PKD1 likely exist in cats and dogs.”*

Clinical characteristics of polycystic liver disease. Isolated PLD is rare in small ani-
mals.”®8” Cystic liver disease is more frequently reported in cats than dogs.?”:92-9
Persian cats (PKD1) and West Highland White terriers are overrepresented for PLD
in the veterinary literature, but reports are limited.”®°° PLD has a higher prevalence
in human women due to the cystogenic effects of estrogen, but it is unclear if this is
true in canine and feline patients. The clinical manifestations of PLD are diverse. In
one case series, PLD caused severe hepatobiliary pathology in young dogs,’® but
more commonly, dogs and cats are asymptomatic until cyst distension results in
compression of the adjacent liver and extrahepatic viscera.”® Clinical signs include
abdominal distension, abdominal pain, hyporexia, vomiting, and, rarely, pleural effu-
sion from diaphragmatic compression of lymphatic vessels (author case log). Further
complications may arise from cyst hemorrhage, infection, or rupture.

Biochemical markers or hepatocellular injury (alanine amino transferase [ALT] and
aspartate amino transferase [AST]) are typically elevated, potentially before other clin-
ical signs become apparent, and markers of chronic kidney disease may be present
with concurrent polycystic kidney disease.”®°° If complications arise or compressive
effacement of hepatic parenchyma is severe, the hemogram, cholestatic liver en-
zymes, and hepatocellular synthetic or perfusion markers will be abnormal. PLD is
readily diagnosed with abdominal ultrasound or other advanced imaging modalities.
Typically, the liver is enlarged and multiple (>10) fluid-filled cysts are identified in the
hepatic parenchyma (Fig. 2).” The cysts are variable in size and, in humans, cyst vol-
ume correlates with patient age. On liver histopathology, cysts are lined with low
columnar to cuboidal biliary epithelial cells but are discontinuous with the biliary
tree.®%°1 Cyst-associated inflammatory infiltrates and fibrosis are not features of
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is mildly hyperechoic and contains multiple anechoic cysts of variable size, some with septae.
(B) Gross photograph of liver. The cut section shows variable sized cystic structures within
the hepatic parenchyma. (C) Hematoxylin and Eosin-stained histology of a hepatic cyst.
The lumen is lined with cuboidal to columnar biliary epithelial cells. ([A] Courtesy was pro-
vided by Dr Jocelyn (Yi-Kwan) Lee and the Louisianan State University School of Veterinary
Medicine Radiology Service; and [B, C] Courtesy were provided by Dr Bianca de Cecco and Dr
Emi Sasaki from the Louisiana Animal Disease Diagnostic Laboratory; and Data from Fabris L,
et al. Pathobiology of inherited biliary diseases: a roadmap to understand acquired liver dis-
eases. Nat Rev Gastroenterol Hepatol 2019;16:497-511.)

PLD, but may occur with concurrent cyst abscessation or necroinflammatory disease.
Extrapolating from human treatment guidelines, somatostatin analogs (eg, octreotide)
have shown promise limiting the cyclic-AMP-mediated secretion from cyst epithelium
and subsequently reducing overall volume.®* Octreotide therapy may be feasible in
veterinary patients. Symptomatic or large-volume hepatic cysts should be treated
with direct volume reducing therapy (eg, surgical cyst fenestration or percutaneous
aspiration with sclerotherapy, aspiration without sclerotherapy is unlikely to be
effective).®®

Caroli malformations are cystic, segmental dilatations of the medium-to-large bile
ducts.”>”%"7 In human patients, Caroli disease refers to diffuse sacculation of the intra-
hepatic ducts, whereas Caroli “syndrome” or “complex” refers to sacculated large bile
duct dilations with concurrent congenital hepatic fibrosis. Dominant (ADPKD) and
recessive (autosomal recessive polycystic kidney disease) inheritance of Caroli
syndrome are associated with mutations of the PKHD1 gene and rarely an X-linked dis-
order. The PKHD1 gene encodes fibrocystin, a component of the primary cilia and cen-
tromeres of the pancreatic, renal, and biliary ducts.” Caroli malformation in cats and
dogs more often occurs without associated kidney abnormalities. Gene discovery
has not been reported in cats and dogs with Caroli malformation.

Clinical characteristics of Caroli malformation. Caroli malformations may be visual-
ized by abdominal ultrasound, with the characteristic features of cystic dilations of
the intrahepatic bile ducts that may be calcified or contain choleliths.”>7%7 The liver
size may be normal or small.”® Concurrent renal cysts are reported in dogs with Caroli
malformation.”® Definitive diagnosis of Caroli malformation by MRCP has not been
described in dogs and cats; at this time, histopathology is the definitive diagnostic
method. Microscopically, sacculated ducts in the segmental, interlobular, and
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intralobular ducts. Intraluminal protrusions of duct wall are common and cystic dila-
tions are of variable size and may be grossly apparent. Duct involvement is usually
diffuse, but can be confined to a single liver lobe.”>"® Variable degrees of portal
fibrosis is present. The affected large ducts are contiguous with the extrahepatic
bile ducts, and cystic malformations are prone to cholestasis and bile inspissation.
Patients with Caroli malformation are often asymptomatic until secondary complica-
tions arise from intrahepatic cholelithiasis and/or bacterial cholangitis.”® Clinical signs
associated with these sequelae include vomiting, hyporexia, diarrhea, polyuria, poly-
dipsia, abdominal pain, fever, and icterus. Cholangitis and obstructive cholelithiasis
can confound histologic diagnosis due to concurrent inflammatory infiltrate and var-
iable levels of fibrosis. Further, reactive proliferation of the biliary tree may overlap
with the morphology of Caroli malformation, further complicating the histologic diag-
nosis. Clinicopathologic features may include liver enzyme elevations (alkaline phos-
phatase [ALP], ALT, AST, and gamma glutamyl transferase [GGT]).”578% Less
commonly anemia, leukocytosis, azotemia, isosthenuria, hypoproteinemia, hypocho-
lesterolemia, hyperbilirubinemia, elevated total serum bile acids, and ammonia are re-
ported, which are likely to reflect secondary bacterial infection or nonsuppurative
cholangitis. No specific therapy is available for Caroli malformation. Management is
limited to supportive care for secondary diseases including bacterial cholangitis
and cholelithiasis. Caroli malformation has been correlated to the development of
cholangiocarcinoma in human patients.®%°7 It is unclear if this occurs in cats and
dogs.

Congenital hepatic fibrosis is a DPM affecting the small intrahepatic bile ducts.®6-°"
The hallmark of congenital hepatic fibrosis is the presence of malformed small portal
ducts embedded within a dense collagenous stroma. In human patients, congenital
hepatic fibrosis may be an isolated disease or as a component of other ciliopathies.®"
A wide array of clinical manifestations occur and can be subtyped based on onset of
symptoms.®®° Diagnosis in veterinary and human patients requires a multidisci-
plinary approach, but definitive diagnosis is dependent on hepatic histopathology. Pa-
tient outcomes are dictated by the stage of hepatic fibrosis and clinical complications.
No specific treatment is currently available for congenital hepatic fibrosis, liver trans-
plantation remains the only curative option in human patients.'°° Therapeutic strate-
gies focus on the management of disease sequelae, including cholangitis, portal
hypertension, hepatic encephalopathy, nutritional deficiencies, and abnormal liver
function.

Clinical characteristics of congenital hepatic fibrosis. Congenital hepatic fibrosis is
reported in dogs more commonly than cats.”?~7582.107 There is no clear sex predilec-
tion. Congenital hepatic fibrosis may occur in any breed of dog, but Boxers, Cairn
terriers, Chihuahuas, Maltese, and Toy poodles are overrepresented.”? 7582101
Age at diagnosis is variable, ranging from 3 months to 10 years, which reflects the
wide phenotypic spectrum of the condition.”>”3 Patients with congenital hepatic
fibrosis may be asymptomatic or have signs related to gastrointestinal disease
(hyporexia, vomiting, diarrhea, and low body or muscle condition score) or sequelae
of portal hypertension (abdominal effusion and hepatic encephalopathy). The most
common clinicopathologic abnormalities are elevated ALT (>3 fold the upper refer-
ence interval), AST, and ALP (>2).”%7® Anemia, microcytosis, elevated GGT, hyper-
bilirubinemia, hypoalbuminemia, hypocholesterolemia, and elevated total serum bile
acids are variably reported. Diagnostic imaging findings include a normal to small
liver with abnormal parenchyma (heterogeneous, coarse, and nodular). In cases
with portal hypertension, hepatic hypoperfusion, abdominal effusion, acquired
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portosystemic collateral vessels, and urinary calculi may be identified. Atrophic liver
lobe(s), anomalous vasculature, bile duct dilation (intrahepatic or extrahepatic), and
the lack of a gallbladder are also relevant imaging findings; gallbladder agenesis is
associated with congenital hepatic fibrosis in dogs.”?:82:83102 Ancillary testing
such as elastography (ultrasound or magnetic resonance) is used to assess hepatic
fibrosis in humans with congenital hepatic fibrosis and should be considered in vet-
erinary patients.®”

Congenital hepatic fibrosis has a bile duct proliferative-like phenotype wherein an
excess of cholangiocytes cluster within or line the portal tract. In some cases, interrup-
ted ducts arrange circumferentially around the portal tract in a ductal plate conforma-
tion. The malformed bile ducts are lined by cuboidal to low columnar epithelium and
often have ectatic or irregularly shaped lumens. The persistent ductal elements pro-
voke fibrogenesis resulting in matrices of connective tissue that expand the portal
tracts. In severely affected patients, presinusoidal portal hypertension develops sec-
ondary to portal-portal bridging fibrosis. Portal venous profiles are frequently dimin-
ished, likely related to portal hypoperfusion. Inflammatory infiltrates are not a
feature of congenital hepatic fibrosis and duct-associated inflammatory cells may
help differentiate congenital hepatic fibrosis from ductular reaction, where cholangio-
cytes from the small bile ducts take on a reactive phenotype and proliferate in the por-
tal tract.'%%194 Yet, ascending biliary infections, cholangitis, or microabscessation due
to duct rupture can occur with congenital hepatic fibrosis leading to a diagnostic
conundrum. Immunohistochemical stains to identify bile epithelium (CK7, CK19) and
to distinguish a proliferative phenotype (Ki67) may be helpful, but the latter is difficult
to interpret because proliferative bile duct profiles temporally persist beyond replica-
tive indices.”® %% Monitoring for the clinical signs and secondary effects of portal hy-
pertension, biochemistry screening, + total serum bile acids as a marker for acquired
shunts/hepatic dysfunction are recommended. There is no specific therapy; ancillary
therapy is supportive.

Intrahepatic biliary cystadenomas are isolated lesions with a complex cystic pro-
liferation of biliary epithelium, typically found adjacent to the gallbladder and at the
periphery of one or more liver lobes.”® 196197 Histologically, cysts are multiloculated
with a multilayered epithelial lining and papillary projections.’°® Biliary cystadeno-
mas are commonly identified in adult to geriatric cats as an incidental abnormality
during abdominal ultrasound. The etiologic origin of biliary cystadenomas is debat-
able.’® While categorized as neoplasms, a congenital bile duct malformation
has been proposed in humans.'%%"'% Sonographically, biliary cystadenomas are
focal and well-demarcated structures that may compress adjacent parenchyma.
The cysts are multilocular with hyperechoic septations. Fine needle aspiration
yields a cytologically acellular cystic fluid or viscous material. While usually benign,
cystadenomas may increase in size leading to local tissue injury, compression
of extrahepatic viscera, and, rarely, undergo neoplastic transformation (biliary cys-
tadenocarcinoma); therefore, periodic sonographic monitoring with color-flow
Doppler is warranted. Partial or complete surgical excision may be performed if
cyst enlargement negatively impacts regional structures but usually no intervention
is required.

Bile duct hamartomas (von Meyenburg complexes) are rarely reported in cats and
dogs.®>38%81 Bile duct hamartomas are unilocular or multilocular cystic malformations
ofthe interlobular bile ducts that are disconnected from the biliary tree.”'" Most patients
are asymptomatic but may have signs secondary growth of the cystic malformation
including abdominal distension, pain, weight loss, and intralesional or extralesional
hemorrhage. Cholestatic liver enzymes and transaminases may be normal or elevated.
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Diagnostic imaging identifies one or more multilobular cystic mass-like lesions that
range in diameter from less than 1 cm to greater than 13 cm and may efface an entire
liver lobe.®® Confusion with malignant neoplasia is reported.?’ Histologically, bile
duct hamartomas have aggregated net-like cystic structures lined by cuboidal biliary
epithelium. Surgical resection is curative.

DISCUSSION

The primary objective of this study was to summarize the etiology and clinical features
of the diverse congenital intrahepatic vascular and hepatobiliary disorders in dogs and
cats. Characterization of these diseases has improved dramatically with the advent of
advanced imaging modalities, but additional research is needed to understand the
pathogenesis of dysregulated hepatic organogenesis and to improve clinical out-
comes in dogs and cats, particularly with HAVM and DPMs.

CLINICS CARE POINTS

e MVD is an asymptomatic, heritable vasculopathy of the hepatic microcirculation.

Protein C values can help to distinguish MVD from macroscopic portosystemic vascular
anomalies in dogs with high total serum bile acids.

A liver biopsy taken at the time of portosystemic shunt attenuation cannot be used to
diagnose MVD because hypoperfusion causes the same histologic changes.

Although DPM s are congenital disorders, the onset of clinical signs is variable. Sequelae from
progressive fibrogenesis and cyst distension may not become clinically relevant well into
adulthood.

Congenital hepatic fibrosis is the most common DPM reported in dogs. The severity of clinical
signs correlates to the severity of fibrosis. Clinical outcomes are highly variable.
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