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Abstract We report the case of a 12-year-old boy with extrahepatic portal vein obstruction (EHPVO) complicated
by idiopathic portal hypertension (IPH) who underwent living-donor liver transplantation (LDLT) and second-stage
splenectomy. He presented with tarry stools, severe fatigue, and anemia. Computed tomography (CT) revealed
EHPVO with cavernous transformation, and endoscopy revealed gastroesophageal varices with red signs. Brain
magnetic resonance imaging and spectroscopy revealed portal systemic shunt encephalopathy, and liver biopsy
confirmed IPH. LDLT was performed using his father’s right lobe graft, with resection of the cavernous
transformation and portal vein reconstruction. His postoperative course was uneventful, and he was discharged on
day 54. Pancytopenia and splenomegaly persisted, so a second-stage splenectomy was performed. Five years after
transplantation, he remains well without graft complications or recurrent portal hypertension. The Rex shunt is a
common surgical strategy for EHPVO, although IPH can limit its effectiveness. LDLT is a practical treatment option
for EHPVO complicated by IPH
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1. Introduction

Extrahepatic portal vein obstruction (EHPVO) causes
prehepatic portal hypertension owing to obstruction of the
extrahepatic portal vein, including the hepatic hilum [1].
Idiopathic portal hypertension (IPH), on the other hand,
causes intrahepatic portal hypertension because of
unexplained obstruction or stenosis of the intrahepatic
portal branches [2]. In Japan, the exclusion of EHPVO is
required for the diagnosis of IPH. The two conditions
have distinct pathophysiologies, although concomitant
occurrence of IPH and EHPVO may be possible [2].
Living-donor liver transplantation (LDLT) is occasionally
performed for these diseases because severe portosystemic
shunting can lead to pulmonary hypertension, progressive
brain dysfunction, and life-threatening hemorrhage [3].
However, no previous records of LDLT performed for

EHPVO complicated by IPH with staged splenectomy. In
this report, we describe a pediatric case of EHPVO
complicated by IPH that was successfully managed with
LDLT followed by staged splenectomy, resulting in a
favorable long-term outcome.

2. Case Presentation

A 12-year-old boy, born via vaginal delivery and
previously healthy presented with several months of
intermittent tarry stools followed by progressive exertional
fatigue. He had no congenital risk factors for portal vein
obstruction, including intrauterine infection. Initial
laboratory findings at a local hospital showed
pancytopenia with a white blood cell count of 2,030/pL,
hemoglobin of 6.2 g/dL, platelet count of 7.1 x 10%/uL,
and a prothrombin time-international normalized ratio
(PT-INR) of 1.33 (Table 1). Contrast-enhanced abdominal
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computed tomography (CT) demonstrated cavernous
transformation of the portal vein which is suggestive of
EHPVO and splenomegaly, prompting the referral to our
institution.

On admission, his height was 169.8 cm and weight was
52.4 kg. His vital signs were stable. Abdominal
examination showed the liver palpable 1 cm below the
right costal margin and the spleen 4 cm below the left
costal margin. Repeat laboratory evaluation confirmed
pancytopenia, with a white blood cell count of 1,130/pL,
hemoglobin of 5.0 g/dL, platelet count of 4.5 % 10%uL,
and PT-INR of 1.41 (Table 2). Iron deficiency persisted,
although there was no jaundice, hyperammonemia, or
biochemical evidence of hepatic dysfunction.

Upper gastrointestinal endoscopy revealed esophageal
varices classified as Lm, F2, Cb, and RC2, for which
endoscopic injection sclerotherapy was performed (Figure
1a). In addition, gastric varices classified as Lg-c, F2, Cb,
and RC1: HCS were detected and endoscopic variceal
ligation was performed (Figure 1b).

A contrast-enhanced abdominal CT demonstrated
interruption of the portal vein at the upper pancreatic
margin  with collateral flow through cavernous
transformation (Figure 2a). The intrahepatic portal vein
was narrowed, the umbilical portion was visible, and the
intrahepatic branches were not clearly delineated. Marked
splenomegaly extending across the midline and extensive
collateral vessels from the gastric lesser curvature to the
esophagus were observed (Figure 2b, 2c).

Portography via the superior mesenteric artery
demonstrated cavernous transformation and collateral
circulation, without evidence of splenorenal shunting
(Figure 3). The mean pulmonary artery pressure was 12
mmHg, excluding pulmonary hypertension. Wedged
hepatic venous pressure was 7 mmHg; therefore, hepatic
venography was not performed.

A liver biopsy revealed a noncirrhotic liver on a low-
power view (Figure 4a). On a high-power view, irregular
contours of portal tracts with the development of the
portal vein were observed, leading to a diagnosis of IPH
(Figure 4b). Brain magnetic resonance imaging
demonstrated bilateral symmetrical hyperintensity in the
globus pallidus extending to the cerebral peduncles on T1-
weighted imaging (Figure 5a). Magnetic resonance
spectroscopy showed an elevated choline peak. No
neurological abnormalities were present; however, these
findings  were  consistent  with  portosystemic
encephalopathy (Figure 5b).

Based on these findings, a diagnosis of EHPVO
complicated by IPH was made. A Rex shunt was
considered but deemed unsuitable due to the risk of

insufficient intrahepatic portal flow caused by IPH and
evidence of portosystemic shunt encephalopathy.
Splenectomy was also considered as a treatment option for
IPH, however, LDLT was prioritized for several reasons,
including the possibility that portal vein thrombosis after
it could complicate portal vein reconstruction if LDLT
were performed later. Therefore, LDLT was planned using
his father’s right-lobe graft.

Surgery was performed through an inverted T-shaped
incision. To secure sufficient portal inflow in the absence
of a usable native portal vein, an autologous hepatic vein
graft was used to reconstruct the portal vein. The portal
vein was identified at the superior pancreatic border, with
cavernous transformation extending into the liver. After
total hepatectomy, the autologous hepatic vein was
harvested and anastomosed to the portal vein at the
pancreatic margin. The right and inferior right hepatic
veins were anastomosed to the inferior vena cava. The
right branch of the portal vein was anastomosed to the
autologous hepatic vein. The right lobe graft weighed 681
g (graft-to-standard liver volume ratio: 60.2%; graft-to-
recipient weight ratio: 1.30). Cold and warm ischemia
times were 94 and 63 min, respectively. The operation
time was 13 and 37 min, with 2283 mL of blood loss. The
postoperative course was uneventful, and the patient was
discharged on day 54.

The explanted liver had a smooth surface with no
tumors. Pathology showed portal vein branches protruding
from the portal tracts, periportal round fibrosis, and
narrowed portal veins with adjacent veins, which is
consistent with IPH (Figure 6a, 6b). During follow-up,
contrast-enhanced abdominal CT showed regression of
portosystemic shunts; however, progressive splenomegaly
and persistent pancytopenia developed. Endoscopy
showed no variceal recurrence. Considering that the
immunologic mechanisms of IPH might persist after
LDLT and that splenic trauma could be life-threatening, a
splenectomy was proposed one year after LDLT, to which
the patient consented [4,5]. Pneumococcal vaccination
was administered two weeks before surgery, and an open
splenectomy was performed.

The splenic artery was ligated through an upper midline
incision, and dilated splenic vein branches and main trunk
were transected using a stapler. The spleen weighed 1,358
g. The operation lasted 2 h 15 min, with 82 mL of blood
loss. Pancytopenia improved promptly. A CT on
postoperative day 3 showed portal vein thrombosis, which

resolved after treatment with antithrombin I1I, heparin,
aspirin, and edoxaban (Figure 7a, 7b). Five years after
LDLT, the patient remains well without graft

complications, recurrent shunts, or varices.

Table 1. Laboratory data at initial presentation

Item Reference range Unit

White blood cell 20.3 36-90 X10%/pL

Red blood cell 308 387 - 525 X10%/pL
Hemoglobin 6.2 12.6-16.5 g/dL

Platelet counter 7.1 13.8-30.9 X10%/uL
Total protein 6.1 6.5-8.0 g/dL

Na 138 135-147 mEqg/L

K 4.2 3.3-438 mEg/L

cl 105 98 - 108 mEg/L

Blood urea nitrogen 15.3 7-24 mg/dL
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Creatinine 0.64 <1.0 mg/dL
Total bilirubin 1.26 02-1.2 mg/dL
Direct bilirubin 0.45 0-03 mg/dL
Aspartate aminotransferase 15 <30 u/L
Alanine aminotransferase 10 <30 u/L
Lactate dehydrogenase 126 119-129 u/L
Alkaline phosphatase 1057 38-113 u/L
y-glutamyl transpeptidase 9 <50 u/L
CRP <0.05 <03 mg/dL
PT-% 52.4 70 ~ 120 %
PT-INR 1.33 0.85~1.15
APTT 36.1 24 ~39 sec
Table 2. Laboratory data at our institution
Item Reference range Unit
White blood cell 11.3 36 -90 X10?%/uL
Red blood cell 241 387 -525 X10%/uL
Hemoglobin 5.0 12.6-16.5 g/dL
Platelet counter 4.5 13.8-30.9 X10%/pL
Total protein 5.6 6.5-8.0 g/dL
Na 140 135 - 147 mEqg/L
K 4.1 3.3-48 mEg/L
Cl 108 98 - 108 mEgq/L
Blood urea nitrogen 14.8 7-24 mg/dL
Creatinine 0.63 <10 mg/dL
Total bilirubin 1.2 02-1.2 mg/dL
Direct bilirubin 0.4 0-0.3 mg/dL
Aspartate aminotransferase 16 <30 u/L
Alanine aminotransferase 9 <30 u/L
Lactate dehydrogenase 126 119-129 u/L
Alkaline phosphatase 940 38-113 u/L
v-glutamyl transpeptidase 8 <50 u/L
CRP <0.05 <03 mg/dL
PT-% 49.0 70~ 120 %
PT-INR 1.41 0.85~1.15
APTT 41.0 24 ~39 sec

Figure 1a. Upper gastrointestinal endoscopy revealed esophageal varices
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Figure 2b. The splenic vein joined the superior pancreatic margin to form the normal portal vein

21
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Figure 2c. Marked splenomegaly extending across the midline and extensive collateral vessels from the gastric lesser curvature to the esophagus were
observed

Figure 3. Portography via the superior mesenteric artery demonstrated cavernous transformation and collateral circulation

Figure 4a. Liver biopsy revealed a non-cirrhotic liver on low-power view. (HE x 40)
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Figure 5a. Brain magnetic resonance imaging demonstrated bilateral symmetrical hyperintensity in the globus pallidus extending to the cerebral

peduncles on T1-weighted imaging
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Figure 5b. Magnetic resonance spectroscopy showed an elevated choline peak



24

American Journal of Medical Case Reports

Figure 6a. The explanted liver had a smooth surface with no tumors

Figure 6b. The explanted liver showed portal vein branches protruding from the portal tracts, periportal round fibrosis. (HE x 400)

Figure 7a. CT on postoperative day 3 showed portal vein thrombosis
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Figure 7b. It was resolved after treatment with antithrombin I11, heparin, aspirin, and edoxaban

Table 3. Clinical course and treatment timeline

Age

Diagnosis and

Time point Duration Clinical findings Diagnostic modalities
(years) treatment
Initial visit 12 - Tarry stool, severe fatigue Anemia . Trgnsf_er t_o
Pancytopenia our institution
Admission 12 - Splenomegaly, cT EHPVO
cavernous transformation
. 1 day Gastroesophageal varices Upper GI endoscopy Endoscopic treatment
Pg\e;g?j;ggxe 12 16 days Portosystemic encephalopathy Brain MRI and MRS Portal hypertension
28 days Noncirrhotic portal hypertension Liver biopsy IPH
Definitive treatment 13 13 months EHPVO complicated by IPH Multidisciplinary assessment LDLT
. Consideration of
Post-LDLT 14 19 months Splenomegaly and pancytopenia CT and endoscopy splenectomy
1 year after LDLT 15 26 months Progressive splenomegaly Imaging studies Splenectomy
Long-term 18 5 years No recurrence of portal hypertension Imaging and endoscopy Favorable outcome

Abbreviations; CT: Computed Tomography, EHPVO: Extrahepatic portal vein obstruction, Upper Gl endoscopy: Upper Gastrointestinal endoscopy,
MRI: Magnetic resonance imaging, MRS: Magnetic resonance spectroscopy, IPH: Idiopathic portal hypertension, LDLT: Living-donor liver

transplantation.

3. Discussion

We report a case of EHPVO complicated by IPH,
managed with LDLT and second-stage splenectomy. The
treatment timeline is summarized in Table 3 (Table 3).
The two conditions have distinct pathophysiologies,
although concomitant occurrence of IPH and EHPVO may
be possible.  EHPVO may result from congenital
anomalies of the portal vein, coagulation disorders, or
myeloproliferative diseases [1]° Secondary causes include
neonatal omphalitis, pancreatitis, and biliary infection.
Portal vein thrombosis associated with IPH has also
been reported. In the present case, the portal vein
formed normally to the superior pancreatic margin,
and no congenital predisposition was identified.
Histopathological findings from the liver biopsy and
explanted liver showed circumferential portal tract fibrosis,
narrowing of the portal tracts, and periportal venous
proliferation, indicating that IPH preceded the
development of EHPVO.

The Rex shunt is generally considered the preferred
surgical treatment for EHPVO. In this patient, the
umbilical portion of the portal vein was identifiable on CT;

however, insufficient intrahepatic portal flow related to
IPH raised concerns about worsening portosystemic
encephalopathy. IPH may also limit the ability of a Rex
shunt to achieve adequate intrahepatic portal hypertension
[1]. Given these factors, LDLT was selected. Selective
splenic artery embolization and shunt ligation can control
varices, hypersplenism, portal hypertensive gastropathy,
and hyperammonemia in patients with EHPVO [6,7].
However, these approaches were avoided because of the
risk of inadequate portal flow, potential worsening of
encephalopathy, development of ectopic varices, and
intraperitoneal adhesions from repeated surgeries. Social
factors, including concerns about treatment affecting the
patient’s future educational and career milestones, were
also considered. A multidisciplinary discussion among
transplant surgeons, pediatricians, radiologists, and social
workers supported LDLT as the optimal treatment strategy.

IPH is an important differential diagnosis in pediatric
patients with noncirrhotic portal hypertension. Risk
factors for disease progression include early onset and
male sex, as well as the presence of esophagogastric
varices, ascites, and portal vein thrombosis, many of
which were present in this patient [8]. Although the
etiology of IPH remains unclear, some patients develop
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liver failure or intractable portal hypertension requiring
liver transplantation, which has vyielded favorable
outcomes. Therefore, LDLT is considered a valid and
effective treatment option for patients with advanced IPH
[9,10,11].

Splenectomy is often performed for IPH; however,
LDLT was prioritized for the following reasons [12]. First,
improved portal flow after LDLT can reduce portosystemic
shunting and splenomegaly. Second, portal vein thrombosis
following splenectomy may complicate portal vein
reconstruction if LDLT is performed later. Third, as the
patient grows, the graft volume from a living donor may
become insufficient. Based on these considerations, LDLT
was performed before the splenectomy.

The mechanism by which splenectomy improves IPH
remains unclear. Favorable long-term outcomes have been
reported following splenectomy or partial splenic artery
embolization. IPH often coexists with autoimmune diseases
such as systemic sclerosis, systemic lupus erythematosus,
and mixed connective tissue disease, and has been
associated with increased HLA-DR expression [13].
Marked expression of vascular cell adhesion molecule-1 in
intrahepatic portal endothelial cells suggests that
autoimmune processes mediated by the endothelial-to-
mesenchymal transition contribute to disease pathogenesis
[14]. Splenectomy may modulate these autoimmune
processes and provide therapeutic benefits [4,15].

Regarding the indications for splenectomy, careful
assessment of the underlying disease and pathophysiology,
ideally after the age of five when it is possible is required
[16]. Earlier studies have suggested a high risk of
overwhelming post-splenectomy infection, but this risk has
decreased with modern infection prophylaxis and routine
pneumococcal vaccination [17]. Splenic preservation was
initially considered in this patient; however, persistent
pancytopenia, progressive splenomegaly, and the potential
for fatal trauma supported the decision to proceed with a
splenectomy one year after LDLT.

While liver transplantation for IPH has been reported,
this is the first documented case of LDLT performed for
EHPVO complicated by IPH [10,12,18]. A similar case
reported by Kawachi et al. involved LDLT for IPH
with extrahepatic portal vein stenosis and splenic
artery aneurysm. When LDLT is combined with
therapeutic splenectomy, including in ABO-incompatible
transplantation, careful management is required because
of the risks of portal vein thrombosis and infectious
complications such as postoperative pancreatic fistula [10].

4. Conclusion

We encountered a pediatric case of IPH complicated by
EHPVO, in which LDLT followed by a staged
splenectomy resulted in successful long-term management.
In patients with EHPVO, concomitant diagnosis via liver
biopsy is essential when IPH is a possible underlying
factor, because EHPVO and IPH are distinct
pathophysiologies that may coexist. Performing LDLT
first to secure portal venous inflow, followed by a staged
splenectomy, appears to be an effective strategy for the
optimal control of portal hemodynamics in this combined
pathology.
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