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Abstract: Type II Abernethy malformation is an extremely
reported congenital extrahepatic portosystemic shunt in
complication with nephrotic syndrome. We present the
case of an 8-year-old boy who presented with symptoms
of type II Abernethy malformation and nephrotic syn-
drome. This diagnosis of this type II Abernethy malfor-
mation was based on physical examination, blood tests,
urinalysis, nephrotic and hepatic function tests, routine
clinical lipid measurements, abdominal ultrasonography,
and computed tomographic angiography. A kidney biopsy
revealed the pathological features of nephrotic syndrome.
This is the second reported patient diagnosed with type II
Abernethy malformation and nephrotic syndrome. Captopril
treatment was effective in improving the symptoms of this
case. A patient with type II Abernethy malformation related
to immune complex-mediated glomerular injury was effec-
tively improved with medication. Type II Abernethy malfor-
mation is a causative factor of immune complex-mediated
glomerular injury in nephrotic syndrome. Captopril treat-
ment significantly improved the symptoms in this case.
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1 Introduction

Abernethy malformation or congenital extrahepatic por-
tosystemic shunt is an anomaly of the splanchnic venous
flow that bypasses the liver and drains directly into
the systemic circulation [1,2]. Abernethy first described
Abernethy malformation in 1793 based on a postmortem
examination [3]. After that, Morgan and Superina pro-
posed the classification of Abernethy malformation into
two types (Abernethy, types I-1I) [4]. Type I Abernethy
malformation shows direct draining of splenic vein (SV)
and superior mesenteric vein (SMV) into the inferior vena
cave (IVC) (Type Ia) or has a complete diversion of portal
blood into IVC (Type Ib) (Figure 1, which was originally
illuminated by Jian et al. [5]). In type II Abernethy mal-
formation, a hypoplastic intrahepatic portal vein (PV)
supplies partial venous blood to the liver. This rare con-
genital vascular malformation of the splanchnic venous
system is due to the abnormal development of the umbi-
lical vein in the embryo [1,6].

The clinical manifestation of Abernethy syndrome
ranges from asymptomatic to presentations related to sys-
temic or hepatic sequelae like pulmonary hypertension,
hepatopulmonary syndrome, hepatic encephalopathy,
liver nodules, or tumors (focal nodular hyperplasia,
nodular regenerative hyperplasia, hepatocellular adenomas,
and hepatocellular carcinomas) [2,7-9]. It is recognized
that congenital portosystemic shunts are correlated with
nephrotic syndrome [10]. Membranoproliferative glo-
merulonephritis (MPGN) is a specific histological form
of glomerulonephritis with manifestations including dif-
fuse mesangial hypercellularity, endocapillary prolifera-
tion, thickening of the capillary wall, lobulation of the
glomerular tuft, and the split of the glomerular capillary
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Figure 1: Hand-drawn diagrams suggesting congenital extrahepatic portosystemic shunts: (a) Graphic representation of normal portal flow;
(b) Type la showing SV and SMV directly into the IVC; (c) Type Ib showing a presence of a connection between IVC and PV; (d) Type Il
representing a side-to-side communication between PV and IVC. SV, splenic veins; SMV, superior mesenteric vein; IVC, inferior vena cava;

and PV, portal vein.

wall. Type II Abernethy malformation was reported to
be associated with immune complex-mediated MPGN.
In this case report, we presented a patient diagnosed
with type II Abernethy malformation and nephrotic syn-
drome. This patient suffered from hematuria and protei-
nuria related to increased renal vein pressure, which may
be caused by portosystemic shunts.

1.1 Case presentation

An 8-year-old boy presented with scrotal swelling and
both eyelids swelling for 2 days, and both lower extremi-
ties edema for 1 day. He had a history of hemorrhoids.
Physical examination on admission revealed a normal
body temperature (36.6°C), pulse rate (99/min), respira-
tory rate (24/min), and blood pressure (102/65 mmHg).
The patient was conscious, mentally fine, and mildly
anemic. No enlarged lymph nodes were palpated in the
superficial lymph node region. The patient’s eyelids were
edematous, and small red petechiae were visible on the
left eyelid. The pharynx was not red, the respiratory
sounds of both lungs were clear, dry, and wet rales
were not heard, the heart sounds were strong and rhythmic,
and no murmurs were heard. The abdomen was slightly

distended, with no varices in the abdominal wall veins and
no pressure pain or rebound pain in the whole abdomen. The
liver was normal in shape, with no percussion pain in the
kidney area. Percussion found alternating tympanic and
turbid sounds in the abdomen. Both lower extremities
showed sunken edema with a capillary filling time of
less than 2s. The patient received no relevant interven-
tions. There is no hereditary family disease.

Results of the blood test suggested a white blood
cell count of 6.3 x 10°/L (normal range: 4-12 x 10°/L),
red blood cell count of 4.0 x 10/L (normal range:
3.5-5.5 x 10'%/L), neutrophil percentage of 43.0% (normal
range: 50-70%), platelet count of 165 x 10°/L (normal
range: 100-400 x 10°/L), and hemoglobin level of 119 g/
L (normal range: 110-150 g/L). There was no abnorm-
ality in the erythrocyte sedimentation rate (11 mm/h).
The level of high-sensitivity C-reactive protein was less
than 0.2mg/L (3+) (normal range: negative). Renal func-
tion test results showed a urea level of 2.1 mmol/L
(2.9-8.2), creatinine level of 17 pmol/L (62-115), and
uric acid level of 218 pumol/L (208-428). Liver function
and routine lipid determination results indicated a total
bilirubin of 20.9 pmol/L (3.0-25.0), alanine aminotrans-
ferase activity of 20 U/L (9-50), aspartate transaminase
activity of 56 U/L (15-40), globulin of 17.4 g/L (20-40),
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Figure 2: Representative photomicrographs of native biopsy: (a) HE, (b) Jones silver, and (c) PAS staining showed diffuse proliferation of

mesangial cells and endocapillary hypercellularity.

albumin/globulin ratio of 0.95 (1.20-2.40), total cholesterol
of 7.14 mmol/L (3.10-5.70), triglyceride of 1.00 mmol/L
(0.56-1.70), low-density lipoprotein cholesterol of
4.75 mmol/L (0.00-3.39), total protein of 33.9g/L
(65.0-85.0), and albumin of 16.5 g/L (40.0-55.0). Color
Doppler ultrasonography showed no significant abnorm-
alities in the epididymis and testes on both sides.

Abdominal ultrasonography indicated changes in hepatic
echogenicity, absence of PV, and seroperitoneum. SV,
SMV, and inferior mesenteric veins were dilated and tor-
tuous. Extrahepatic portosystemic shunts were identified.
Computed tomographic (CT) angiography showed the left
and right branches of PV were quietly thin. SV and SMV
converged at PV and drained directly into the IVC, which
they communicated with the left external iliac vein.
Aneurysmal dilatation of the pelvic veins was sug-
gested. IVC, proximal hepatic veins, both renal veins,
common iliac vein, and internal and external iliac veins
were thickened. It was shown that the left renal vein was
compressed.

A kidney biopsy was performed. Results from hematox-
ylin and eosin (HE), Jones silver, and periodic acid-Schiff
(PAS) staining showed diffuse proliferation of mesangial
cells and endocapillary hypercellularity (Figure 2). The light
microscopy appearance was diffuse membranoproliferative
patterns in mesangial and endothelial proliferation, accom-
panied by narrowed glomerular capillary and thickened
capillary loops (Figure 2a and b). There was the focal seg-
mental mesangial insertion in the glomerular basement
membrane. The proliferation of mesangial cells and stroma
was noticed. It was found in mesangial and subepithelial
electron-dense deposits (Figure 2c). Immunofluorescence
detected the glomerular deposition of IgG, IgA, IgM, C3
(0.283 g/L), C4 (0.037 g/L), and Cl1q. The pathological find-
ings of the renal puncture suggested that electron-dense
deposits, i.e., immune complex deposits, were seen in

mesangial and paramesangial areas. The detachment of
Sertoli cells was not observed. The pathology report sug-
gested that the lesion is consistent with the character-
ization of mesangial proliferative glomerulonephritis.
Systemic lupus erythematosus was ruled out because
the patient was negative for antinuclear antibodies,
dsDNA, nuclear acidic protien (Sm), and ribonucleopro-
tein. Moreover, there were no characteristic changes of
systemic lupus erythematosus like hematoxylin bodies.
Based on these results, the body was diagnosed with type
I Abernethy malformation, nephritis with nephrotic
syndrome, hypoproteinemia, hypocomplementemia, and
hypofibrinogenemia.

Methylprednisolone (1 mg/kg/day) was administered
to control inflammation for 2 weeks. Thereafter, the patient
was administrated with prednisone (1 mg/time) in combina-
tion with tacrolimus (1 mg/time) twice per day for 2 weeks.
The patient was treated with captopril (0.3-0.5 mg/kg/day)
for 2 weeks and piperazine ferulate (1 tablet three times a
day) for 2 weeks. Human serum albumin (200 mg/kg once)
was administered to increase colloidal osmotic pressure.
After the administration of the drug, the patient’s pro-
teinuria improved, and the selling was significantly
decreased. The patient is currently under follow-up in
the Department of Pediatric Surgery and the Department
of Nephrology.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets
of the Helsinki Declaration, and has been approved by
the authors’ institutional review board or equivalent
committee.
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2 Discussion

The clinical manifestations of Abernethy malformation
type II are quite diverse, ranging from invisible clinical
signs to obvious severe complications such as gastroin-
testinal hemorrhage, liver tumors, hepatic encephalo-
pathy, hepatopulmonary syndrome, and nephrotic syn-
drome [10-15]. The nephrotic syndrome is rarely reported
with type II Abernethy malformation [10,15]. Reported
here is the case of a patient with type II Abernethy mal-
formation related to the immune complex-mediated glo-
merular injury that was successfully treated by medication
therapy. In attempting to generalize the pathogenesis of
this case, we reviewed previous reports about renal com-
plications of type II Abernethy.

The symptoms of patients with type II Abernethy mal-
formation vary from asymptomatic features to multi-organ
failure [16,17]. Patients with type II Abernethy malforma-
tion presented signs of fatigue pitting edema, hyperammo-
nemia, hypoxemia [18], anemia, hepatic encephalopathy
[19], and varying degrees of hepatic impairment. Patients
with a complication with complex congenital heart disease
and a hepatopulmonary syndrome suggested interrupted
IVC with a prominent azygos vein draining in the superior
vena cava [16,17]. The combined type II Abernethy mal-
formation and nephrotic syndrome showed decreased renal
function, enlarged spleen, hypoplastic PV, portosystemic
shunt, arachnoid cysts, and irregular deposition of IgG,
IgA, IgM, C3, Clg, and C4 [15].

In the present case, laboratory tests revealed normal
white blood cell count of 6.3 x 109/L (normal range: 4—12 x
109/L), red blood cell count of 4.0 x 1,012/L (normal range:
3.5-5.5 x 1,012/L), neutrophil percentage of 43.0% (normal
range: 50-70%), platelet count of 165 x 109/L (normal
range: 100-400 x 109/L), hemoglobin level of 119 g/L
(normal range: 110-150 g/L), and high-sensitivity C-reac-
tive protein less than 0.2 mg/L (normal range: 0-10 mg/L).
There was no abnormality in the erythrocyte sedimenta-
tion rate (11 mm/h). Blood cultures were negative. In addi-
tion, the patient was improved without the application
of antibiotics, which does not support the presence of
n acute infection. The pathological findings of the renal
puncture suggested that electron-dense deposits, i.e.,
immune complex deposits, were seen in mesangial and
paramesangial areas. The detachment of Sertoli cells was
not observed. The pathology report suggested that the
lesion is consistent with the characterization of mesangial
proliferative glomerulonephritis. The results from abdom-
inal ultrasonography and CT angiography confirmed the
diagnosis of type II Abernethy malformation. Kidney biopsy
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and immunofluorescence examinations indicated that this
patient showed symptoms of nephrotic syndrome.

An important cause of type II Abernethy malforma-
tion is the abnormal development of the early embryo’s
vascular system [13,20]. The presence of a portosystemic
shunt has been revealed to be a causative factor for type II
Abernethy malformation patients with multisystemic
presentations (such as IgA glomerulonephritis, pulmonary
hypertension, and multiple liver tumors) because its func-
tional bypass decreases the clearance of immune complexes
[10,15,21]. A postulated pathogenetic basis for IgA-predomi-
nant glomerulonephritis could be due to the increased bac-
teremia, vasoactive substances, and IgA-antigen complexes
from the intestinal mucosa uncleared by the liver, causing
deposition in the kidney after being filtered by the renal
glomeruli [22,23]. Persistent chronic infection thus causes
glomerulonephritis and kidney injury [22,23].

Abernethy malformation limits portal blood supply,
which increases the risk of developing hepatic neoplasms
[16]. As such, the early recognition of type II Abernethy
malformation is particularly important, as well as other
associated anomalies. Liver function examination revealed
increased levels of alkaline phosphatase and aspartate
transaminase [16]. In this case, a marked increase in liver
enzyme levels occurred. The liver of type II malformation
is still perfused due to partial shunting of blood through
and side-to-side portosystemic shunt. Insufficient blood
supply may lead to hepatocyte damage, which can explain
the increase in liver enzyme levels. Non-invasive imaging
technologies are extensively used for clinical diagnosis
of type II Abernethy malformation, including ultrasound,
CT, and magnetic resonance imaging (MRI). MRI and CT
showed a lesion and multiple cysts in the liver, a vascular
shunt between the left PV and IVC [16], interrupted IVC
with a prominent azygos vein draining in the superior
vena cava, polysplenia, and a bilobed liver connected to
a dilated PV [17]. To confirm the congenital portosystemic
shunt, a transjugular approach was used for hepatic vein
and portal diagnostic venography [16]. Portal venous pres-
sure measured by temporary balloon occlusion confirmed
the patency of the right PV [16]. Cranial MRI was used to
detect arachnoid cysts [15]. Kidney biopsy and immuno-
fluorescence assays confirmed nephrotic syndromes like
glomerulonephritis [15].

A treatment guideline for type II malformation has not
been introduced at present. For patients without overt
clinical symptoms, conservative treatment is prior [24].
Ligation of abnormal shunt vessels is considered for
type II Abernethy malformation patients with excessive
collateral circulation pressure, varicose veins, and hepatic
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encephalopathy [18,19]. Complete ligation of the portal-
IVC fistula and narrowing PV and ICV improved the
patient’s nonspecific abdominal pain and liver function
while causing thrombus, which could be relieved by
anticoagulation therapy (heparin infusion and rivarox-
aban) [12]. For a type II Abernethy malformation patient
with hepatocellular neoplasm, Arango et al. placed a
20-mm Amplatzer vascular plug II combined with coil
embolization, which successively occluded the congenital
portosystemic shunt, increased the tumor side, and
improved liver function [16]. This interventional closure
of the portosystemic shunt also shows the feasibility and
safety for type II Abernethy malformation patients with
complex congenital heart disease and hepatopulmonary
syndrome [17]. Chick et al. innovatively used three-
dimensional planning techniques to promote single-ses-
sion Amplatzer atrial septal occlude device closure for
type II Abernethy malformation, while vigilance is required
for postoperative complications like splanchnic thrombosis
and occlusion [25].

The presence of kidney disorder increases surgical
risk [15]. Conservative medicine therapy with glucocorti-
coids and tacrolimus was considered because of kidney
disorder, and this treatment achieved remission of the
symptoms [15]. Although albuminuria was controlled by
drug treatment in the short term, this long-term prog-
nosis is not recommended [15]. Currently, there is no uni-
form protocol for the treatment of type II Abernethy mal-
formation. Moreover, the patient had mild symptoms, so
conservative medical treatment was chosen. In the pre-
sent case, the urine protein level was decreased after
captopril treatment. Captopril commonly induces the fol-
lowing side effects: hypotension, hyperkalemia, dry irri-
tating cough, and angioneurotic edema. Hypotension
often occurs when blood volume is insufficient. Captopril
is not recommended for children with hyperkalemia. A
dry irritating cough can be relieved by regulating the
dosage used. Captopril reduces intra-glomerular hyper-
tension and hyperperfusion by specifically regulating
glomerular hemodynamics. Captopril decreases urinary
protein and inhibits the accumulation of intracellular fac-
tors and extracellular matrix, thereby delaying the devel-
opment of glomerulosclerosis, improving the prognosis,
and protecting the kidney function. These effects are
mainly attributed to its non-hemodynamic functions,
including reduction of glomerular filtration pore size, pre-
vention of small efferent artery constriction, and improve-
ment of the glomerular basement membrane charge-selec-
tive barrier. Therefore, captopril has therapeutic advantages
over other conservative drugs. However, persistent follow-
up is recommended because of the high possibility of

DE GRUYTER

developing chronic renal failure, gastrointestinal bleeding,
and malignant hepatic lesions.

In conclusion, the combined type II Abernethy mal-
formation and the nephrotic syndrome were described in
this case report. Type II Abernethy malformation is a
causative factor for immune complex-mediated glomer-
ular injury in nephrotic syndrome. Captopril treatment
significantly improved the symptoms in this case. However,
further close follow-up is necessary for observing the clinical
effectiveness and disease progression.
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