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Abstract

shunt reverses the associated complications.

postoperatively.

Congenital portosystemic shunt

Background: Congenital portosystemic shunt (CPSS) is a rare malformation that leads to hyperammonemia,
hypermanganesemia, and various symptoms. CPSSs are divided into intrahepatic and extrahepatic shunts. In
patients with persistent CPSS including an intrahepatic portosystemic shunt (IPSS), early intervention to occlude the

Case presentation: The patient was a 1-year-and-7-month-old girl. She presented with hypergalactosemia and
elevation of blood ammonia level (75 pg/dL) and total bile acid levels (68.2 umol/L) during the neonatal
period. Two IPSSs were detected using ultrasound and enhanced computerized tomography. Magnetic
resonance imaging (MRI) at 1year and 3 months of age showed abnormally high signal intensity in the
pallidum of her brain. Spontaneous closure was not observed. We performed a right hepatectomy at 1 year
and 7 months of age. The portal vein pressure was 16 mmHg after temporary occlusion of the right portal
vein. Blood ammonia and serum manganese levels decreased immediately after the operation. The abnormal
signal on brain MRI disappeared. She had a favorable course with no sign of recurrence of IPSS 5 years

Conclusion: Liver resection for an IPSS to control the symptoms of a portosystemic shunt is reasonable in a
child for whom interventional radiological treatment is not indicated.
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Background

Congenital portosystemic shunt (CPSS) is a rare mal-
formation that leads to hyperammonemia, hyperman-
ganesemia, hepatic  encephalopathy, pulmonary
hypertension, hepatopulmonary syndrome, and liver
tumor [1, 2]. CPSSs are divided into intrahepatic and
extrahepatic shunts [3]. Patients with CPSS present
with a wide spectrum of symptoms and complications
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that may present with unexplained neurocognitive
dysfunction and other behavioral issues due to low-
grade hepatic encephalopathy that may occur during
life [2]. As congenital intrahepatic portosystemic
shunts (IPSSs) have a tendency to spontaneously close
by 1year of age with resolution of symptoms, an IPSS
that is diagnosed prenatally or during early infancy
does not necessarily require definitive treatment [2].
In patients with persistent CPSSs including IPSSs,
early intervention to occlude the shunt reverses asso-
ciated complications. Although Papamichail et al. re-
ported liver resection for the treatment of IPSS in
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adult patients in 2016 [4], there have been no reports
in a pediatric case.

Case presentation

The patient was a 1-year-and-7-month-old girl.
Written informed consent was obtained from the pa-
tient’s family. The prenatal and perinatal courses were
uneventful. She was born at 40 weeks with normal
birth weight. Neonatal mass screening tests on the
4th day of life showed hypergalactosemia (10.78 mg/
dL). Although the levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were
within normal limits, elevations of blood ammonia
level (75 pg/dL) and total bile acid level (68.2 umol/L)
were observed on the 10th day of life. There was no
sign of enzyme deficiency to explain galactosemia.
Initially, she received no treatment other than careful
observation. Subsequent ultrasound at 8 months of
age revealed an IPSS with a communication between
the right portal vein and the right hepatic vein at a
peripheral location of the right liver lobe. She was ad-
mitted to our hospital with an IPSS. Her psychomotor
development was within normal limits.

At lyear of age, there was no sign of spontaneous
closure of IPSS. Laboratory tests showed elevated levels
of total bile acid (116 pumol/L), hyperammonemia
(105 ug/dL), and hypermanganesemia (3.7 ug/dL).
Magnetic resonance imaging (MRI) with T1-weighted
images at the age of 1 year and 3 months showed abnor-
mal high signal intensity in the pallidum of the brain
(Fig. 1a). Detailed examination of the IPSS using en-
hanced computerized tomography (CT) at 1year of age
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revealed two IPSSs (Fig. 2). One was a nidus forming a
shunt between the right portal vein and the right hepatic
vein; the other was between the right posterior portal
vein and the middle hepatic vein at the peripheral loca-
tion of the right liver lobe. Subsequently, there was no
improvement of hyperammonemia and hypermangane-
semia. Spontaneous closure was not observed. The pos-
sibility of closure of the IPSSs by interventional
radiologic techniques was ruled out because of the nidus
forming the shunt and the multiple shunts. Therefore,
we performed a right hepatectomy at 1year and 7
months of age.

During laparotomy, a catheter was inserted through
the peripheral portion of the superior mesenteric vein
and placed in the portal vein. We dissected the portal
vein, and tested temporary occlusion of the right por-
tal vein using vascular forceps. The portal vein pres-
sure was measured, and portography was performed
using this catheter before and after the temporary oc-
clusion. The portal vein pressure was 13 mmHg be-
fore temporary occlusion of the right portal vein.
Portography showed almost all portal vein flow drain-
ing into the hepatic vein through the IPSS before oc-
clusion of the right portal vein. Although the left
portal vein was not detected before occlusion, porto-
graphy showed good contrast of the left portal vein,
intrahepatic portal vein, and hepatic vein and showed
no IPSS in the left lobe after temporary occlusion of
the right portal vein (Fig. 3a, b). We evaluated the
portal vein pressure and congestion of the intestine
after temporal occlusion for about 20 min. The portal
vein pressure was 16 mmHg after temporary occlusion

Fig. 1 Magnetic resonance imaging of brain. a Magnetic resonance imaging (MRI) of the brain at the age of 1year and 3 months, revealing high
intensity of the pallidum. b MRI at 8 months postoperatively, revealing normalization of the high intensity of the pallidum
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A RPV-RHV shunt

B RPV-MHV shunt

(green arrow)

Fig. 2 Enhanced computed tomography at 1 year of age. a Enhanced computed tomography (CT) revealing a shunt vessel (yellow arrow)
between the right portal vein (RPV) (red arrow) and right hepatic vein (RHV) (purple arrow). The shunt vessel (yellow arrow) presented a nidus-like
form. b Enhanced CT revealing a shunt vessel (blue arrow) between the right portal vein (RPV) (red arrow) and the middle hepatic vein (MHV)

of the right portal vein. There was no sign of intes-
tinal wall edema and redness, as would accompany
intestinal congestion.

Based on these intraoperative findings, we subse-
quently performed right hepatectomy. Liver parenchyma
was resected along the right side of the middle hepatic
vein. A collection of multiple vessels was observed that
were thought to be shunt vessels during resection of
liver parenchyma (Fig. 3c). No histopathological findings
suggesting hemangiomas were found. Dilated blood ves-
sels were observed, but the histopathological findings
could not accurately reveal the dilated vessels as IPSSs.
The intraoperative and postoperative courses were un-
eventful. There was no sign of postoperative liver failure,
and ammonia and manganese levels decreased immedi-
ately after the operation (Fig. 4). An MRI of the brain 8
months after the operation (at 2 years and 5 months old)
revealed that the abnormal high signal intensity in the

pallidum had disappeared (Fig. 1b). The patient had no
sign of recurrence of IPSS and no elevation of blood am-
monia level and serum manganese level 5 years postop-
eratively (Fig. 4).

Discussion

We performed liver resection for a congenital IPSS in a
child with hyperammonemia and hypermanganesemia.
CPSS is a rare malformation that leads to a wide
spectrum of symptoms and complications, including
hyperammonemia, hypermanganesemia, hepatic enceph-
alopathy, pulmonary hypertension, hepatopulmonary
syndrome, and liver tumor [1, 2]. IPSS has been further
classified into four types by Park et al., based on the
morphology of the shunts [5], namely those that include
a single vessel communication: between a main branch
of the portal vein and inferior vena cava (type 1); in a
peripheral location in one segment (type 2); through an
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Fig. 3 Intraoperative findings. a Portography and measurement of portal vein pressure were performed. Before temporary occlusion of the right
portal vein, portal vein pressure was 13 mmHg and portography showed almost all portal vein flow draining into the hepatic vein through the
IPSS. b After the temporary occlusion of the right portal vein, the portal vein pressure was 16 mmHg, and portography showed good contrast of
left portal vein, intrahepatic portal vein, and hepatic vein and no IPSS in the left lobe. ¢ A collection of multiple vessels was observed that were
thought to be shunt vessels during resection of liver parenchyma
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Fig. 4 Changes in laboratory data. Upper panel showing changes in ammonia and total bile acid levels. Lower panel showing changes in

aneurysm (type 3); or have multiple small communica-
tions distributed diffusely in both lobes (type 4) [5, 6].
Our patient had a combination of types 2 and 3.

Hepatic encephalopathy, hepatopulmonary syn-
drome, and pulmonary hypertension are the most
prominent manifestations caused by long-term porto-
systemic shunting and are more commonly observed
in children [7]. Children with CPSS may present with
unexplained neurocognitive dysfunction and other be-
havioral issues due to low-grade hepatic encephalop-
athy; this accounts for between 17% and 30% of cases
[2, 8]. Other manifestations include learning disabil-
ities, extreme fatigability, seizures, and failure to
thrive, associated with elevated arterial ammonia
levels in the majority of cases [2]. The likelihood of
encephalopathy increases with age and is related to
shunt flow [2, 8].

As congenital IPSSs have a tendency to spontaneously
close by 1vyear of age with resolution of symptoms, an
IPSS that is diagnosed prenatally or during early infancy
does not necessarily require definitive treatment [2].
Until 1year of age, a wait-and-see policy is the initial
recommended treatment of IPSS. Spontaneous closure
of an IPSS is more often seen in girls, in the presence of
multiple shunts, and in children with neonatal cholesta-
sis [9]. Our patient showed no tendency toward spontan-
eous closure. For children with a persistent IPSS, the
optimal timing of treatment has not been defined [2].
Some review papers suggest that, even in the absence of
overt symptoms, early intervention may prevent hepato-
pulmonary syndrome and other pulmonary complica-
tions as well as neurodevelopmental delay, and may
allow the progress of intellectual and psychosocial devel-
opment [1, 2, 4, 7, 10]. Papamichail et al. proposed that

all shunts that persist after the first year of life should be
closed without waiting for complications to develop [2].

The basic principle of intervention is to disrupt the ab-
normal communication between portal and systematic
circulation and to restore portal flow to the liver [2].
Interventional radiology is a minimally invasive proced-
ure thought to be the first-line treatment for shunt oc-
clusion. A vascular plug (e.g, Amplatzer) and
embolization were used as occlusive materials [2, 11].
Catheter insertion for the treatment of IPSS was per-
formed via a transhepatic route, a transcaval route using
internal jugular vein access, and a transileocolic route
with minilaparotomy [2, 12]. Gupta et al. reported the
embolization of IPSSs at age 14 months [13]. If possible,
interventional radiology should be the first-line treat-
ment for shunt occlusion. The choice of a radiological
or surgical approach depends on local expertise and
shunt anatomy and size [2].

Although surgical ligation of the portal vein or hep-
atectomy has been replaced by less invasive interven-
tional radiology [14], there are few reports of liver
resection for the treatment of IPSS. Papamichail et al.
proposed an intervention protocol of CPSS in which
liver resection would be performed to treat large
intrahepatic multifocal shunts not amenable to inter-
ventional radiology in cases of previous failed radio-
logical intervention or where the malignant tumor has
developed [2, 4]. Kitami reported the portal vein
ligation without the resection of liver parenchyma
[15]. Although the portal vein ligation without the re-
section of liver parenchyma is easier than hepatec-
tomy, we are concerned about the possibility of the
liver abscess by an ischemic change and the recur-
rence of IPSS in unresected liver parenchyma.
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In our case, we chose early intervention, because the
patient already exhibited a manifestation of hypermanga-
nesemia in her brain at 1year and 3 months of age. She
had two IPSSs in the right liver lobe, there was no ap-
propriate occlusive device of a suitable size to fit her
body and shunt vessel at that time. There was limited
experience with embolization by interventional radiology
for IPSS at infancy or early childhood at our institution.
For these reasons, we preferred liver resection with
interventional radiology and performed surgery at 1 year
and 7 months of age. Although Papamichail et al. re-
ported liver resection for an IPSS in an adult case in
2016 [4], there have been no previous reports in chil-
dren. The short- and long-term postoperative courses
were uneventful.

Conclusion

Liver resection for an IPSS to control the symptoms of a
portosystemic shunt is reasonable in a child for whom
interventional radiological treatment is not indicated.
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