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Abstract
Congenital portosystemic shunt, also known as Abernethy malformation, is a rare 

vascular anomaly in which portal venous blood partially or completely bypasses the 
liver and enters the systemic circulation. This condition can lead to severe complica-
tions such as hepatopulmonary syndrome, hepatic encephalopathy, hypoxemia, and 
hyperammonemia. This article presents the first clinically confirmed and successfully 
treated case of Abernethy type II malformation in a child in Kazakhstan, who developed 
severe hepatopulmonary syndrome. A detailed description is provided of the diagnostic 
algorithm, angiographic evaluation, the endovascular intervention technique, and the 
patient’s clinical course over a five-year follow-up period. Shunt closure resulted in 
marked clinical improvement, including normalization of oxygen saturation (from 60% 
to 98%), reduction in blood ammonia levels, increased exercise tolerance, and enhanced 
quality of life.The findings support the effectiveness of an individualized, stepwise ap-
proach in the management of type II CPSS. The importance of early recognition of this 
condition is emphasized, particularly in pediatric patients presenting with unexplained 
cyanosis, hypoxemia, or signs of hepatic dysfunction. Endovascular techniques, due to 
their minimally invasive nature and high clinical efficacy, represent an optimal thera-
peutic strategy in pediatric practice.

Introduction
Abernethy malformation, or congeni-

tal portosystemic shunt (CPSS), is a rare 
vascular anomaly in which blood from the 
portal circulation partially or completely 
bypasses the liver and drains directly into 
the systemic venous system. This condi-
tion disrupts hepatic metabolic function 
and may result in severe complications, 

including hepatopulmonary syndrome 
(HPS), hepatic encephalopathy, hypox-
emia, hyperinsulinemia, and, in some 
cases, sudden death.1,2

The formation of the portal venous 
system occurs early in embryogenesis—
between the 4th and 10th weeks of ges-
tation. Aberrant vascular development 
during this period may lead to the forma-
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tion of extra- or intrahepatic portocaval 
shunts. The congenital absence of the 
portal vein was first described by John 
Abernethy in 1793 during the autopsy of a 
child. A modern classification system for 
CPSS was proposed by Morgan and Su-
perina in 1994, dividing the condition into 
two types: Type I — complete absence of 
the intrahepatic portal venous system; 
and Type II — presence of hypoplastic 
intrahepatic portal branches with partial 
shunting.3

Later, Lautz et al. refined the classi-
fication of Type II shunts into subtypes 
IIa, IIb, and IIc based on the anatomical 
origin of the shunt. Kanazawa et al. fur-
ther introduced a classification based on 
the degree of hypoplasia of intrahepatic 
branches (mild, moderate, or severe), 
which is crucial for determining the op-
timal treatment strategy.4,5

The estimated prevalence of CPSS 
is approximately 1 in 30,000–50,000 live 
births.6 However, due to the nonspecific 
nature of its clinical manifestations, di-
agnosis is often delayed. The most char-
acteristic features include arterial hy-
poxemia, cyanosis, exertional dyspnea, 
platypnea, mucocutaneoustelangiecta-
sias, and digital clubbing. These symp-
toms are typical of hepatopulmonary 
syndrome, which develops in more than 
50% of patients with CPSS and is associ-
ated with severe oxygenation disorders.7,8

Other commonly observed findings 
include nodular regenerative hyper-
plasia of the liver (up to 50%), hyper-
ammonemia, hyperinsulinemia with 
hypoglycemic episodes, and neurologi-
cal disturbances related to manganese 
deposition in the basal ganglia. Hepatic 
encephalopathy often manifests at later 
stages, particularly in preschool-aged 
children.4,6

Despite the availability of modern 
imaging modalities such as ultrasonog-
raphy, CT, MRI, and angiography, CPSS 
is frequently diagnosed late. This delay 
is due in part to the lack of awareness 
among clinicians to whom such patients 
typically present (e.g., gastroenterol-
ogists, neurologists, endocrinologists, 
and surgeons).9 A diagnostically relevant 
laboratory marker is elevated blood am-

monia; in one study, the mean ammonia 
level in children with CPSS was 123 ± 37 
μg/dL, compared to a normal upper limit 
of 66 μg/dL.5

The cornerstone of treatment is shunt 
closure—either surgically (ligation) or via 
endovascular techniques (e.g., occluder 
placement). The choice of intervention 
depends on the results of an occlusion 
test: if portal pressure remains below 25 
mmHg during temporary shunt closure, 
one-stage closure is feasible; otherwise, 
a staged approach is recommended to 
prevent portal hypertension.4,7

Endovascular techniques such as 
Amplatzer device placement offer high 
clinical efficacy with lower invasiveness 
compared to open surgery. However, 
complex vascular anatomy may neces-
sitate surgical ligation.7,10 Following in-
tervention, ammonia levels typically nor-
malize, and imaging (ultrasound, MRI, 
CT, angiography) is used for post-treat-
ment monitoring.

Thus, early identification of CPSS and 
an individualized treatment strategy can 
prevent severe complications and sig-
nificantly improve outcomes in pediatric 
patients. The present study reports the 
first documented case in the Republic of 
Kazakhstan of successful treatment of 
Abernethy type II malformation in a child 
with severe hepatopulmonary syndrome.

To assess the effectiveness of endo-
vascular treatment for congenital porto-
systemic shunt (Abernethy malformation 
type II) in a child with hepatopulmonary 
syndrome, based on clinical outcomes 
and long-term follow-up.

Clinical case presentation
For the first time in clinical practice 

in the Republic of Kazakhstan, we iden-
tified and successfully treated a case of 
a congenital portosystemic shunt (CPSS) 
type II, also known as Abernethy malfor-
mation. The patient, S., a 7-year-old boy, 
was urgently transported by air ambu-
lance and admitted to the Department of 
Cardiac and Interventional Pediatric Sur-
gery at the National Center for Pediatric 
Pathology and Surgery. His presenting 
complaints included progressive dys-
pnea, marked fatigue, reduced tolerance 
to even minimal physical and emotional 
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exertion, intermittent leg pain, numb-
ness in the fingers, and central cyanosis 
in the perioral area.

The medical history was notable for 
multiple hospitalizations dating back to 
2018. The patient had been diagnosed 
twice with brain abscesses (in 2018 
and 2019), which were complicated by 
right-sided hemiparesis, facial nerve 
neuritis, and toxic myocarditis. Addition-

ally, neuroimaging revealed cerebral and 
arachnoid cysts, subcortical abnormali-
ties, and hydrocephalus. Abdominal ul-
trasound (2020) identified hypoechoic liv-
er lesions in the right lobe, and in 2021, 
an abnormality of the portal venous sys-
tem was first suspected. Despite exten-
sive evaluations, the diagnosis of CPSS 
was not established until March 2021 
(Table 1).

Table 1.
Prior Medical History and 

Interventions
Date Prior Medical History and Interventions

July 2018
Inpatient treatment. Diagnosis: Right cerebral hemisphere abscess. 
Conservative therapy administered. Discharged in improved condi-
tion.

April 2019

Inpatient treatment. Diagnosis: Left cerebral hemisphere abscess. 
Complicated by right-sided hemiparesis and right-sided facial nerve 
neuritis. Mild iron-deficiency anemia. Toxic myocarditis. Conserva-
tive treatment. Discharged in improved condition.

December 
2020 – January 
2021 – Febru-

ary 2021
March 2021

Chest CT (29.12.2020): No organic pathology. Abdominal ultrasound 
(29.12.2020): Diffuse parenchymal liver changes, gallbladder defor-
mation, hypoechoic lesions in segments 7–8. Brain MRI (04.01.2021): 
Encephalopathy, cerebral cysts. Neurology consultation (08.01.2021): 
Multiple cerebral cysts and sequelae of brain abscesses. Referred to 
neurology department. Echocardiography (04.02.2021): Normal car-
diac anatomy, LVEF 64%. Abdominal CT (26.02.2021): No significant 
pathology.
Hospitalization at the National Center for Pediatric Pathology and 
Surgery for angiopulmonography and cardiac catheterization to con-
firm diagnosis and determine treatment strategy.

June 2021
Rehospitalization at the same center. A one-stage endovascular 
occlusion of the abnormal portosystemic shunt was successfully 
performed.

Patient Status and Interventions At 
the time of admission to the Nation-
al Center for Pediatric Pathology and 
Surgery, the patient’s condition was 
assessed as severe, with marked re-
spiratory insufficiency (SpO₂ 60–70%), 
cachexia (body weight 21 kg, height 126 
cm), and a forced squatting posture 
with knees drawn to the chest. Pulmo-
nary angiography, right and left heart 
catheterization, aortography, and retro-
grade mesenterico-splenoportography 
confirmed the diagnosis of congenital 
portosystemic shunt (CPSS) type II. The 
measured mean portal pressure was 22 
mmHg, which allowed for a one-stage 
endovascular closure of the shunt.

On July 14, 2021, the patient under-
went percutaneous transcatheter occlu-
sion of the portosystemic shunt. The ear-
ly postoperative course was complicated 

by persistent hypoxemia. However, after 
12 days, follow-up angiopulmonography 
and embolization of pathological pul-
monary arteriovenous communications 
were performed, resulting in significant 
clinical improvement.

Follow-up assessments over the 
subsequent three years demonstrated 
sustained recovery: weight gain, nor-
malization of oxygen saturation (up to 
98%), improved laboratory parameters 
(a decrease in blood ammonia from 95.1 
to 72.3 μmol/L), and a marked increase 
in exercise tolerance—walking distance 
extended to 1500–2000 meters (Table 2).
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Table 2.
Timeline of Interventions 
and Clinical Outcomes in 
a Patient with Abernethy 
Syndrome Type II

Date ClinicalPresentation DiagnosticEvaluation Interventions
March 
2021

Tachypnea, cyanosis, 
forced posture, SpO₂ 

60–70%, weight 21 kg, 
height 126 cm

Right/left heart 
catheterization, 

aortography, mesenterico-
splenoportography, occlusion 

test. Portal pressure: 22 
mmHg. Diagnosis: CPSS type 

II (Abernethy syndrome)

Diagnostic 
catheterization 

with angiography 
and occlusion 

testing

July 2021 Minimal weight gain, 
persistent cyanosis, 

SpO₂ 60–65%

Abdominal ultrasound: 
portocaval anastomosis; 
Brain CT: hydrocephalus, 

cystic lesions; ALT: 786 U/L, 
AST: >913 U/L

Transcatheter 
closure of the 
portosystemic 
shunt (July 14, 

2021)
July 26, 

2021
Severe condition, 

respiratory failure, 
SpO₂ with oxygen: 

60–65%, weight 18 kg

ALT: 7.0 U/L, AST: 14.0 
U/L; BP: 106/72 mmHg; RV 
pressure: 115/8 mmHg; PA 
pressure: 110/54 mmHg. 
Conclusion: Abernethy 

syndrome, postshuntclosure 
status

Endovascular 
occlusion of 

distal pulmonary 
arteries 

bilaterally

August 6, 
2021

Clinical improvement, 
SpO₂ 85–90%, walking 
tolerance up to 100 m

— —

September 
2021

Weight gain, SpO₂ 
92–95%, walking 

distance up to 500 m

— —

October 
2021

+5 kg weight gain, 
SpO₂ 95%, walking 

distance up to 1000 m

— —

January 
2022

Weight: 25.7 kg, 
height: 131 cm, 

SpO₂ 98%, walking 
distance up to 1500 
m; blood ammonia 

decreased from 95.1 
to 72.3 μmol/L

— —

October 
2023

Further weight 
gain, SpO₂ 92–95%, 
walking distance up 
to 1500 m; planned 

hospitalization

— —

January 
2024

Weight gain, SpO₂ 
92–96%, walking 

distance up to 1500–
2000 m; planned 
hospitalization

— —

This report presents a rare clinical 
case of Abernethy malformation type II 
successfully diagnosed and treated in 
Kazakhstan. Timely intervention during 
childhood prevented the progression of 

irreversible hepatic encephalopathy and 
severe hypoxemia, resulting in excellent 
long-term clinical outcomes and pre-
served quality of life (Figures 1 and 2).

A RARE CASE OF CONGENITAL PORTOSYSTEMIC SHUNT (ABERNETHY MALFORMATION 
TYPE II) IN A CHILD: DIAGNOSIS, ENDOVASCULAR INTERVENTIONAL STRATEGY, AND 

CLINICAL FOLLOW-UP



14 ВЕСТНИК ХИРУРГИИ КАЗАХСТАНА     №3•2025

Figure 1 
A – Direct cavaportography 

demonstrating a hypoplastic 
intrahepatic segment of the 

portal vein;B – Occlusion test 
with simultaneous portal 

venous manometry. The mean 
portal pressure measured at 22 
mmHg;C – Retrograde celiaco-

splenoportography showing 
angiographic visualization 

of the intrahepatic portal 
venous system following 

surgical disconnection of the 
congenital portosystemic shunt 
(CPSS);D – Selective segmental 

pulmonary angiography 
revealing simultaneous 

opacification of segmental 
pulmonary arteries and veins 
without parenchymal phase, 

indicative of pathological 
arteriovenous shunting.

Figure 2. 
A – External appearance of 
the patient with congenital 

portosystemic shunt (CPSS);B 
– External appearance of the 

patient 5 months after surgical 
disconnection of the CPSS.
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Discussion
Congenital portosystemic shunts 

(CPSS), including Abernethy malfor-
mations, are rare vascular anomalies 
in which blood from the portal venous 
system partially or completely bypasses 
the liver and drains directly into the sys-
temic circulation.1,2 The Morgan and Su-
perina classification categorizes CPSS 
into two types: type I is characterized by 
complete absence of intrahepatic portal 
venous branches, whereas type II retains 
partial intrahepatic portal perfusion.3

Abernethy malformation type II, as 
presented in this case, is a potentially 
correctable condition. According to cur-
rent guidelines and clinical practice, the 
most informative preoperative assess-
ment includes catheter-based evalu-
ation with an occlusion test and direct 
measurement of portal venous pressure 
to assess the risk of portal hypertension 
following shunt closure.4 In our case, the 
mean portal pressure was 22 mmHg, 
which was considered acceptable for 
endovascular intervention.

Modern treatment strategies for 
CPSS include both open surgical cor-
rection and minimally invasive tran-
scatheter embolization, with the latter 
being particularly suitable for patients 
with type II anomalies.6,7 In our patient, 
a staged hybrid approach was employed: 
initial shunt occlusion followed by selec-
tive pulmonary artery intervention due 
to severe hepatopulmonary syndrome. 
This strategy enabled the restoration of 
physiological portal flow and regression 
of clinical manifestations including hy-
poxemia and developmental delay.8

Early diagnosis of CPSS remains 
challenging due to the heterogeneity of 
clinical presentations. Cyanosis, hypox-
emia, growth retardation, neurocognitive 
symptoms, and hyperammonemia may 
be the initial manifestations.9 Therefore, 
CPSS should be included in the differen-
tial diagnosis of pediatric patients with 
unexplained oxygen desaturation and 
neurologic symptoms.

High-resolution imaging modali-
ties such as multiphase CT, MRI, Dop-
pler ultrasonography, and angiography, 
combined with interventional diagnostic 

procedures, provide accurate visual-
ization of the shunt anatomy and aid in 
treatment planning.10 In our case, the 
patient demonstrated sustained clinical 
improvement over a 5-year follow-up, 
including normalized oxygen saturation 
(95–98%), weight gain, reduction in neu-
rological symptoms, and stabilization of 
hepatic biochemical markers.

This case underscores the impor-
tance of early detection and a staged 
interventional approach in the manage-
ment of Abernethy type II malforma-
tions. It represents the first documented 
case in the Republic of Kazakhstan of 
successful endovascular and surgical 
treatment for this rare condition.

Limitations. This study is limited by 
its single-case design, reflecting the 
rarity of CPSS, particularly type Ia and 
Ib, which are frequently underdiagnosed 
or associated with early mortality before 
surgical intervention is feasible. The 
statistical power is therefore restrict-
ed, limiting extrapolation to a broader 
population. Furthermore, the study was 
conducted in a single specialized center, 
introducing potential selection bias. The 
absence of a control group precludes 
direct comparison with conservative or 
alternative therapeutic modalities.

What’s known? CPSS is a rare con-
genital vascular anomaly with a broad 
clinical spectrum, ranging from as-
ymptomatic forms to severe complica-
tions such as hepatic encephalopathy 
and hepatopulmonary syndrome. The 
Morgan and Superina classification, 
supplemented by Kanazawa’s grading 
of intrahepatic portal hypoplasia, facil-
itates individualized therapeutic plan-
ning. Shunt closure, when indicated, can 
result in reversal of clinical symptoms 
and improvement in laboratory indices. 
Delayed diagnosis remains common due 
to the non-specific nature of symptoms 
and limited awareness among clinicians.

What’s new? This is the first report-
ed and documented case in Kazakhstan 
of successful treatment of Abernethy 
malformation type II in a child with se-
vere hepatopulmonary syndrome. The 
efficacy of a staged approach—occlusion 
testing and portal pressure monitoring 
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using Kanazawa’s protocol, followed 
by transcatheter shunt closure—was 
confirmed. Long-term remission was 
achieved, including normalization of ox-
ygen saturation, weight gain, reduced 
ammonia levels, and resolution of respi-
ratory symptoms. This case highlights 
the importance of including CPSS in the 
differential diagnosis of children with 
unexplained neurocognitive and hepa-
togastrointestinal symptoms, as well as 
nodular hepatic hyperplasia.

Conclusion
Congenital portosystemic shunting is 

a rare but potentially curable vascular 
anomaly requiring high clinical vigilance 
and a multidisciplinary approach. This 
case illustrates a successful diagnostic 
and therapeutic pathway for type II CPSS 
in a child with advanced hepatopulmo-
nary syndrome. The use of an occlusion 
test with portal pressure measurement 
enabled a safe, staged treatment plan. 
Transcatheter intervention was effective 
and minimally invasive, making it highly 
suitable in pediatric settings. Restoration 
of physiological portal venous flow led 
to significant improvement in metabolic 
parameters and overall clinical status. 

Early diagnosis and timely intervention 
are crucial to improving outcomes and 
preventing irreversible complications.
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