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! MocKOBCKMiA rocyaapCTBEHHbIN yHUBepcuTeT MMeHn M.B. NloMoHocosa, MeanuUMHCKII HayyHO-06pa30BaTeNbHbIN LIEHTP,
Mocksa, Poccuiickas Pepepaums

2 HaumoHanbHblit MeMLIMHCKUA UCCNe[10BaTeNbCKIMIA LIeHTP TPAHCMAIAHTONOMM W UCKYCCTBEHHBIX OpraHoB
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AHHOTALIUA

Bpo<AéHHblE NMOPTOKaBaNbHbIE LWIYHTHI — PeAKUe COCYAMCTbIE aHOManuM, CBA3aHHbIE C YaCTUYHBLIM WM MOJHBIM OTBE-
AEHWeM MOpTabHOW KPOBU B CUCTEMHBIN KPOBOTOK. BpoXAEHHbIE BHEMEYEHOUHbIE MOPTOKaBasbHbIE LUYHTHI Ha3blBaAKTCA
ManbhopMaumeid AbepHeTn. BBuay HWU3KOW YacTOThI BCTPEYAEMOCTM M pa3HO06pasus KIMHUYECKUX MPOSBIEHMIA BbISBIEHNE
AaHHOI NaTonorm NpeLcTaBifeT AMarHoCTUYeCKyto npobnemy.

B cTaTbe onucaH KMHUYecKuiA ciyyan Manbdopmaumm AbepHetu Tuna Ib y 15-neTHero nauueHTa ¢ AnUTeNbHbIM aHaMHE30M
MOBLILLEHHOTO apTepUaNbHOMO AaBNEHMS, PELMAVNBUPYIOLLMMUA HOCOBLIMU KPOBOTEUEHUSIMM, DOSbIO B FPYAM, TOJIOBOKpYE-
HWeM, OJbILLIKOM, HU3KOW TONEPAHTHOCTBI0 K (QU3NYECKOH Harpy3Ke, 3N130[aMM KpoBM B CTyNe, Bomblo B anuractpanbHoi
obnacTu, TOLLHOTOM U 3yA0oM. B pesynbTate NpoBeAEHHOTO KOMMIEKCHOTO 06CNeA0BaHUS Y NaumMeHTa bbina AnarHocTMpoBaHa
aHOManus pas3BuTUA NOPTaNIbHON CUCTEMBI: PACLUMPEHHBI KOHAYMT BOPOTHOM BeHbI, BafalLwmii HENOCPeACTBEHHO B HUX-
HI0I0 Moyto BeHy. BbiIBNEHbI TakKe MHOXECTBEHHbIE Y3/1bl B TAPEHXVIME MeYeHu, pacluMpeHre KaMep cepaua, runeptpodus
MWOKapAa U NEroYHas runepTeH3mns. YUnTbiBas BbIPaXKEHHOCTb CUMMTOMOB, Pa3Mepbl M TUM LLYHTA, MEXAUCLMMIMHAPHBIM
KOHCU/IMYMOM PEKOMEH/0BaHa TPAHCMNAHTALMA NEYEHM.

B cratbe paccMatpuBaloTcs anropuTMbl AMArHOCTUKW U Apyrie BO3MOXKHbIE BapuaHTbl JleueHUs aHOManuii pasBuTia nop-
TanbHOM CUCTEMBI.

KnioueBble cnoBa: KIMHUYECKUIA CNyYaid; cocyaucTble ManbGopMaumnm; BPOXKAEHHbIE BHENEYEHOYHbIE MOPTOCUCTEMHBIE
LWYHTBI; ManbgopMaumsa AbepHeTu; KT-aHruorpadus.
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Abernethy malformation: A case report
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ABSTRACT

Congenital portosystemic shunts are rare congenital vascular anomalies associated with partial or complete portal blood
diversion into the systemic circulation. Congenital extrahepatic portosystemic shunts, termed Abernethy malformation, are
a diagnostic challenge owing to its low incidence and clinical presentations. We report a case of Abernethy malformation
type |b in a 15-year-old male with a history of chronic epigastric pain and nausea, high arterial blood pressure, recurrent
nose bleeds, chest pain, dizziness, dyspnea, low exercise tolerance, hematochezia, and itching. Imaging studies revealed a
dilated portal vein conduit flowing into the inferior vena cava, bypassing the porta hepatis. Other findings included multiple
liver nodules, heart chamber dilatation, myocardial hypertrophy, and pulmonary hypertension. Because of the severity of the
patient’s symptoms and shunt anatomy, liver transplantation was recommended after multidisciplinary panel consultations.
Further, diagnostic algorithms and other treatment options are discussed.

Keywords: Case report; vascular malformations; congenital extrahepatic portosystemic shunt; Abernethy malformation;
computed tomography angiography.
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INTRODUCTION

Congenital portosystemic shunts (CPSS) are rare congenital
anomalies associated with partial or complete portal blood
diversion into the systemic circulation. The estimated CPSS
incidence is 1:30,000 births and 1:50,000 for those that persist
beyond early life [7]. The classification of CPSS is complex
because of the significant variability of vascular anatomy. All
CPSSs are divided into intra- and extrahepatic shunts with
partial or complete portal blood deprivation [27]. Congenital
extrahepatic portosystemic shunts (CEPSS) are termed
Abernethy malformation, first documented in 1793 by John
Abernethy [1]. However, reported CEPSS cases are limited.

DESCRIPTION OF THE CASE

A 15-year-old male was admitted to the hospital for
evaluation of chronic epigastric pain and nausea. He also
had episodes of high arterial blood pressure (reaching
160/90 mmHg), recurrent nose bleeds, episodes of chest
pain, dizziness, shortness of breath, low exercise tolerance,
hematochezia, and long history of itching. His medical history
was limited: 12 years prior to admission, portal hypertension
was diagnosed (no medical records provided).

Liver function tests showed a mild increase in alanine
aminotransferase (59.8 U/L (normal range, 13-50 IU/L))
and increased aspartate aminotransferase (67.1 U/L (15—
46 1U/L)), gamma-glutamyl transferase (91 U/L (2-42 U/L)),
alkaline phosphatase (316 U/L (52-171 U/L)), total bilirubin
(39.2 pmol/L (3.4-17.1 pmol/L)), and direct bilirubin
(12.5 pmol/L (0-5 pmol/L)); albumin was slightly decreased
(40.2 g/L (41-55 g/L)). Routine blood tests and coagulation
studies were normal. Further, his serum BUN, and creatinine
were within reference ranges.

Transthoracic echocardiogram revealed heart chamber
dilatation, myocardial hypertrophy (left ventricular wall
thickness, 1.6 cm), and systolic pulmonary hypertension
(pulmonary artery systolic pressure [PASP], 40 mmHg). Aortic
ectasia (diameter at the level of the fibrous ring, 3.4 cm;

SV

Fig. 1. Contrast-enhanced CT, portal phase, axial view. Dilated
splenic vein (SV).
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sinuses of Valsalva, 5.1 cm; and ascending aorta, 4.0 cm)
was observed. No left ventricular outflow tract stenosis or
ventricular wall hypokinesia were found; left ventricular
function was preserved.

Abdominal ultrasound (US) showed an enlarged liver with
multiple nodules, changes in parenchymal structure, and signs
of fibrosis. No prominent portal venous trunk or branches at
the porta hepatis were noted. The hepatic vascular pattern was
deformed with stenosis of the hepatic veins. Further findings
were portal hypertension and moderate spleen enlargement.

To evaluate liver nodules, alpha-fetoprotein (AFP) tumor
marker test was ordered. The AFP concentration was normal
(1.72 IU/ml). Additional imaging studies were performed to
confirm the diagnosis and to clarify the vascular anatomy.

Contrast-enhanced abdominal computed tomography
(CT) with multiplanar reconstruction revealed that the splenic
(12 mm in diameter (Figure 1)) and superior mesenteric
veins fused together, forming a portal vein conduit dilated to
28 mm in diameter (Figures 2 and 3), flowing directly into
the inferior vena cava (IVC), bypassing the porta hepatis
(Figure 4). Moreover, moderate liver and spleen enlargement
and weak heterogeneous contrast enhancement of the liver
parenchyma were noted. The findings were consistent with
Abernethy malformation type Ib.

CT pulmonary angiogram showed no abnormal vascular
shunts, but confirmed pulmonary trunk dilatation (diameter,
40 mm) (Figure 5), heart chamber dilatation, and myocardial
hypertrophy (Figure 6).

Owing to the low effectiveness of conservative treatment,
severity of symptoms, and shunt anatomy, liver transplantation
was recommended after multidisciplinary panel consultations.
Currently, the patient is waiting for surgical intervention.

DISCUSSION

Mechanisms

The etiology and development of congenital and acquired
portosystemic shunts differ significantly. CEPSSs occur
because of abnormal formation or involution of the fetal

SMV

Fig. 2. Contrast-enhanced CT, portal phase, coronal view. Splenic
(SV) and superior mesenteric (SMV) veins fused together, forming
a portal vein conduit (white arrow).
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Fig. 3. Contrast-enhanced CT, portal phase, axial view. Portal vein
conduit (white arrow).

Fig. 5. CT pulmonary angiography, axial view. Pulmonary trunk
dilatation.

vasculature; acquired shunts are secondary to liver diseases
[27]. In the literature, there are two dominant theories of
CEPSS formation: congenital malformations and anomalies
of the ductus venosus.

The development of the portal system is complex and
occurs between weeks 4 and 10 of embryonic life. The
systemic venous system results from the embryonic anterior
and posterior cardinal veins. The portal venous system forms
from the vitelline veins, which carry blood from the yolk sac
to the sinus venosus [13]. If portal system development is
disrupted, CEPSS occurs. This variant is closely associated
with combined congenital pathologies. According to the study
of Bernard et al., congenital heart disease was the most
frequently observed concomitant pathology (in 45/265 cases);
other recorded malformations included abnormalities of
the kidneys, bile ducts (including biliary atresia), digestive
system, bones, and brain [7].

Another discussed mechanism is the absence of the
functioning fetal ductus venosus due to anatomical defects
or occlusion. In a normal fetus, the ductus venosus shunts
blood from the umbilical vein to the IVC, bypassing the liver.
Naturally, functional closure occurs within the first minutes
of birth and structural closure during the first weeks of life
in most full-term neonates [8]. The umbilical vein and ductus
venosus anatomically close during the first months of life
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Fig. 4. Contrast-enhanced CT, portal phase, coronal view. Portal
vein conduit flowing directly into the IVC (white arrow), enlarged
liver with heterogeneous parenchymal enhancement.

Fig. 6. CT pulmonary angiography, axial view. Myocardial hypertrophy.

and become the ligamentum teres and ligamentum venosum,
respectively [13]. Pathologies of the ductus venosus in the
fetus can stimulate the formation of abnormal vessels. These
abnormal vessels may persist and develop into abnormal
shunts, resulting in hypoplasia of the portal venous system.
The absence of the ductus venosus has been reported in
some cases of CEPSS [5,12].

Classification

A widely used classification of CEPSS is the classification
system introduced by Morgan and Superina in 1994
(Table 1) [23]. According to this classification, Abernethy
malformation is divided into two types depending on the
patency of the intrahepatic portal system. Type 1 is defined
as a complete portosystemic shunt, whereas type 2 is
described as partial blood shunting to systemic veins with
a certain degree of portal system development (Figure 7).
Different treatment options are available depending on the
CEPSS type [35].

Clinical manifestations and complications

Clinical presentations are variable and depend on the
ratio of blood flow through the shunt. Manifestations vary
from accidental findings in asymptomatic adult patients
[26,32] to complex congenital malformations [36], severe
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Table 1. Classification System for portasystemic anomalies by Morgen and Superina [23].

Liver not perfused with portal blood — total shunt

Type | la: SMV and splenic vein do not joint to form confluence

Ib: SMV and splenic vein join to form confluence

The liver perfused with portal blood — partial shunt (e.g., portal-hepatic venous anastomoses)
Type |l Ila: congenital

IIb: acquired

Note. SMV — superior mesenteric vein.

IvC
PV
SV
IZ' SMV
IvC
SV
SMV

IvC
SV
II' SMV
IvC
PV
N
SMV

4]

Shunt

Fig. 7. Normal portal vein anatomy and shunt classification. IVC — inferior vena cava; PV — portal vein; SV — splenic vein; SMV —
superior mesenteric vein; @ — normal PV anatomy; b — CEPSS type la; ¢ — CEPSS type Ib; and d — CEPSS type II.

hypoxemia [31], encephalopathy [21, 22], or liver tumors [33].
Most patients present with nonspecific symptoms, such as
acute hepatic decompensation or cirrhosis. According to
Lin et al., data of 703 patients with CEPSS extracted from
451 articles revealed that majority of the reported patients
with Abernethy malformation were children or young adults
<18 years old [20]. Severe congenital pathologies with a
higher degree of blood shunting are usually diagnosed at a
younger age, whereas patients with partial blood shunting
can remain asymptomatic till adulthood.

In the early neonatal period, galactosemia, diagnosed
during routine screening, can be the first sign of CEPSS.
Galactose is metabolized in the liver by the GALT enzyme
to glucose. However, in children with CEPSS, galactose
bypasses the liver, resulting in increased levels in
the systemic circulation [14, 29]. According to several
researchers, hypergalactosemia is present in up to 70%
of newborns with CPSS [7]. Other potential symptoms in
the early neonatal period are growth restriction, neonatal
cholestasis, and hepatic encephalopathy [28].

DAl https://doiorg/10.17816/DD269714

In patients with milder pathology, CEPSS can go
unnoticed until adulthood. The presentation may be due to
symptoms related to hepatic encephalopathy, liver masses,
or pulmonary hypertension.

Subclinical hepatic encephalopathy is observed in up
to 30% of patients with CEPSS [11]. Portal blood shunting
causes increased ammonium levels in the systemic blood
flow. Blood ammonia produced in the gastrointestinal tract
bypasses the liver and flows directly into the IVC. Astrocytes
metabolize ammonium to glutamine, which has toxic effects
on the brain [21]. Hyperammonemia may present without
encephalopathy, particularly at younger ages. Clinical
encephalopathy is more common in older patients, probably
due to lower compensatory abilities [22]. Diagnosis in such
cases can be difficult because of the low specificity of
symptoms [2,3,21]. Elevated serum ammonia concentration
without evidence of liver cirrhosis should prompt further
investigations for extrahepatic shunts.

Patients with CPSS are prone to developing multiple liver
tumors. The literature on histological changes in the liver
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parenchyma in patients with CPSS is limited. De Vito et al.
described a case series of 22 patients with CPSS, including
19 patients with CEPSS, who were diagnosed and managed
in their institution for 15 years [10]. According to their results,
the most characteristic histological findings in peripheral
liver parenchyma included the presence of portal prominent
thin-walled channels, arterial-biliary dyads, increased
arterial profiles in the portal tracts and lobule, and frequent
lack of the physiological periportal-vacuolated hepatocytes
in children.

The pathophysiology of hepatic tumor in patients with
CEPSS remains unclear. One of the mechanisms is attributed
to reduced liver regeneration abilities. Low portal blood flow
leads to a decrease in the delivery of insulin and glucagon to
hepatocytes, making them more vulnerable to damage and
neoplasm development [17]. Moreover, increased hepatic
arterial blood flow can be associated with parenchymal cell
de-differentiation [33].

Nodular liver lesions are common findings in different
types of Abernethy malformation. In most cases, liver
nodules are benign, and include focal nodular hyperplasia,
hepatic adenomas, and regenerative nodules. Most patients
are asymptomatic, although some patients present with an
abdominal mass. In our case, liver nodules were accidentally
found during abdominal US.

However, not all liver masses are benign. Type |
Abernethy malformation is associated with hepatoblastoma
and hepatocellular carcinoma (HCC) [9,16]. Hepatoblastoma
is a rare tumor seen in children with CEPSS. These tumors
have an unfavorable prognosis. Majority of the described
cases were lethal [9,17]. Hepatocellular carcinomas more
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often develop in adults, although Benedict et al. published
a case of a 12-month-old male with histologically and
immunohistochemically confirmed HCC [6]. Diagnosis
can be complicated as some of the reported lesions have
controversial radiological features and can be mistaken
for benign masses [32]; biopsy is usually required. Liver
transplant is a treatment option [25].

In some CEPSS cases, patients present with signs of
pulmonary hypertension: shortness of breath and dyspnea [19,
24]. Severe pulmonary hypertension can lead to cardiogenic
syncope due to decreased preload and low cerebral perfusion
[20]. In our case, pulmonary hypertension was diagnosed.

Hepatopulmonary syndrome occurs in patients with liver
disease accompanied by portal hypertension. Vasoactive
mediators from the intestine bypass the hepatic circulation
through the portosystemic shunt, flowing directly to the
pulmonary vascular bed, causing imbalance between
vasodilation and vasoconstriction substances, inducing
pulmonary hypertension [35]. The correction of hepatic
vascular anomalies is curative.

Diagnosis and treatment

There are currently no published guidelines for the
diagnosis and treatment of CEPSS. Based on the results of
the multicenter international study that included 66 patients,
Baiges et al. have proposed a management algorithm for
patients with CEPSS (Figure 8) [4].

In our case, Abernethy malformation was suspected in
the abdominal US. Generally, US signs of CEPSS include
portal trunk absence or hypoplasia, solid focal lesions in
the liver parenchyma, deficiencies of the intrahepatic portal

Abernethy Malformation suspicion

CT or MRI for confirmation

Consider prophylactic

shunt closure

Evaluation of CEPS
complications

Hepatic
Encephalopathy

Pulmonary
complications

Liver nodules

Baseline brain MRI
and Swan-Ganz

Anually Sa0, screening

Ammonia levels annually
Covert HE every 2 years
Reevaluation after shunt closure

Baseline ecocardiography, gasometry

US screening every 6 months
MRI if adenoma/HCC suspected

Reevaluation if desaturation/ dyspnea

Fig. 8. A congenital extrahepatic portosystemic shunt management algorithm proposed by Baiges et al. [4]. CEPS — congenital extrahepatic
portosystemic; CT — computed tomography; HCC — hepatocellular carcinoma; HE — hepatic encephalopathy; MRl — magnetic resonance

imaging; US — ultrasound.
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vessels and flow signals, and hepatic artery hypertrophy
[30]. Anomalies identified by the US should be further
confirmed with other imaging modalities, such as CT, or
MR angiography. Contrast-enhanced CT provides essential
information about shunt size, orientation, and type, which
helps in choosing the most suitable treatment approach
for each patient. Further, it allows to visualize and
evaluate concomitant anomalies, including liver masses.
MR angiography is a reliable and noninvasive modality for
visualizing hepatic vascular anatomy. It is radiation-free and
has better soft tissue contrast than CT. Moreover, diffusion-
weighted sequences and hepatocyte-specific contrast agents
can provide additional valuable information for the evaluation
of nodular liver lesions and decision-making.

The therapeutic approach depends on the shunt type
and size, severity of symptoms, coexisting anomalies, and
related complications. Asymptomatic patients could be
medically followed. Given the complication development
risks, Kwapisz et al. recommended routine clinical
assessments, regular blood work, including liver enzyme
and liver function tests, and annual liver imaging for
patients with CEPSS [16].

Experience in the treatment of patients with Abernethy
malformation remains limited. Based on the reported cases,
current treatment options include interventional or surgical
shunt closure and liver transplantation. Type | long-term
treatment options are limited to the liver transplant with
supportive therapy while waiting for surgery. Patients with
Type Il CEPSS have more therapeutic options depending
on the developed complications and associated anomalies.
It is possible to ligate or close the portosystemic shunt
using interventional angiography (with coils or plugs)
[34]. However, interventional closure may cause recurrent
hyperammonemia, as has been reported [18].

It may be beneficial to perform the balloon shunt
occlusion test to assess the intrahepatic portal system (IHPS)
in patients with both types of CEPSS [18]. This test allows to
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