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АННОТАЦИЯ
Врождённые портокавальные шунты ― редкие сосудистые аномалии, связанные с частичным или полным отве-
дением портальной крови в системный кровоток. Врождённые внепечёночные портокавальные шунты называются 
мальформацией Абернети. Ввиду низкой частоты встречаемости и разнообразия клинических проявлений выявление 
данной патологии представляет диагностическую проблему. 
В статье описан клинический случай мальформации Абернети типа Ib у 15-летнего пациента с длительным анамнезом 
повышенного артериального давления, рецидивирующими носовыми кровотечениями, болью в груди, головокруже-
нием, одышкой, низкой толерантностью к физической нагрузке, эпизодами крови в стуле, болью в эпигастральной 
области, тошнотой и зудом. В результате проведённого комплексного обследования у пациента была диагностирована 
аномалия развития портальной системы: расширенный кондуит воротной вены, впадающий непосредственно в ниж-
нюю полую вену. Выявлены также множественные узлы в паренхиме печени, расширение камер сердца, гипертрофия 
миокарда и лёгочная гипертензия. Учитывая выраженность симптомов, размеры и тип шунта, междисциплинарным 
консилиумом рекомендована трансплантация печени. 
В статье рассматриваются алгоритмы диагностики и другие возможные варианты лечения аномалий развития пор-
тальной системы.

Ключевые слова: клинический случай; сосудистые мальформации; врождённые внепечёночные портосистемные 
шунты; мальформация Абернети; КТ-ангиография.
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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 Ib 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; 
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简评

先天性肝外门腔分流是与部分或全部门静脉血转入全身血液有关的罕见血管异常。先天性肝

外门腔分流被称为Abernethy畸形。由于发病率低并临床表现多样，这种病理的识别是一个

诊断问题。 

本文描述了一个15岁患者的Ib型Abernethy畸形的临床病例，该患者长期有高血压、反复鼻

出血、胸痛、头晕、呼吸困难、运动耐力低下、便血、上腹痛、恶心和瘙痒等病史。经过全

面检查，患者被诊断为门静脉系统异常：门静脉导管扩张，直接流入下腔静脉。还发现了肝

实质中的多个结节、扩张的心腔、心肌肥厚和肺动脉高压。鉴于症状的严重性以及分流的大

小和类型，一个多学科科联合会诊建议进行肝移植。 

我们在本文中讨论了门静脉系统异常的诊断算法和其他可能的治疗方案。

关键词：临床病例；血管畸形；先天性肝外门腔分流；Abernethy畸形；CT血管造影。
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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 IU/L)), gamma-glutamyl transferase (91 U/L (2–42 U/L)), 
alkaline phosphatase (316 U/L (52–171 U/L)), total bilirubin 
(39.2 μmol/L (3.4–17.1 μmol/L)), and direct bilirubin 
(12.5 μmol/L (0–5 μmol/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; 

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 
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fig. 1. Contrast-enhanced CT, portal phase, axial view. Dilated 
splenic vein (SV).

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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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 

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 

fig. 3. Contrast-enhanced CT, portal phase, axial view. Portal vein 
conduit (white arrow).

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

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.
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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].

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 

table 1. Classification System for portasystemic anomalies by Morgen and Superina [23]. 

type I

Liver not perfused with portal blood — total shunt

Ia: SMV and splenic vein do not joint to form confluence

Ib: SMV and splenic vein join to form confluence

type II

the liver perfused with portal blood — partial shunt (e.g., portal-hepatic venous anastomoses)

IIa: congenital

IIb: acquired 

Note. SMV — superior mesenteric vein.

fig. 7. Normal portal vein anatomy and shunt classification. IVC — inferior vena cava; PV – portal vein; SV — splenic vein; SMV — 
superior mesenteric vein; a — normal PV anatomy; b — CEPSS type Ia; c — CEPSS type Ib; and d — CEPSS type II.

IVC

PV

SV

SV SV

PV

Shunt

SV

SMV

SMV SMV

SMV

IVC
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d

Vol. 4 (2) 2023Case reports

https://doi.org/10.17816/DD


DoI: https://doi.org/10.17816/DD289714

232
Digital DiagnosticsVol. 4 (2) 2023

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 I 
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 

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 

Case reports

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; MRI — magnetic resonance 
imaging; US — ultrasound.

Abernethy Malformation suspicion

CT or MRI for confirmation

Consider prophylactic 
shunt closure

Evaluation of CEPS 
complications

Pulmonary
complications

Hepatic
Encephalopathy

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

Baseline ecocardiography, gasometry 
and Swan-Ganz 
Anually Sa02 screening
Reevaluation if desaturation/ dyspnea

US screening every 6 months 
MRI if adenoma/HCC suspected

Liver nodules
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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 I long-term 
treatment options are limited to the liver transplant with 
supportive therapy while waiting for surgery. Patients with 
Type II 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 

visualize small portal vein branches which cannot be seen 
on US. Kanazawa et al. proposed a new IHPS classification 
(mild, moderate, and severe) based on the results of the 
shunt occlusion test [15]. The IHPS classification correlates 
with the portal venous pressure under shunt occlusion, 
histopathological findings, postoperative portal venous flow, 
and liver regeneration, and is useful for decision-making 
whether to perform single-stage or two-stage shunt closure 
or liver transplantation. 

concLusIon
Abernethy malformation is a rare pathology associated 

with severe complications and poor outcomes. Owing to the 
low incidence, unspecific symptoms, involvement of different 
organ systems, and variable presentations, diagnosis of 
CEPSS is a challenge. Imaging plays a critical role in the 
diagnosis and treatment planning. Early identification and 
individualized treatment approaches are crucial in preventing 
complications. Long-term follow-up and monitoring for 
malignancy are required.
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