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Background: Congenital portosystemic shunt (CPSS) has 
the potential to cause hepatic encephalopathy and thus needs 
long-term follow-up, but an effective follow-up method has 
not yet been established. We aimed to evaluate the impor-
tance of per-rectal portal scintigraphy (PRPS) for long-term 
follow-up of CPSS.
Methods: We retrospectively examined shunt severity time 
course in patients (median: 9.6 y, range: 5.2–16.6 y) with intra-
hepatic (n = 3) or extrahepatic (n = 3) CPSS by using blood 
tests, ultrasonography or computed tomography, and PRPS. 
Per-rectal portal shunt index (cutoff: 10%) was calculated by 
PRPS.
Results: PRPS demonstrated that the initial shunt index was 
reduced in all intrahepatic cases (from 39.7 ± 9.8% (mean ± 
SD) to 14.6 ± 4.7%) and all extrahepatic cases (from 46.2 ± 10.9 
to 27.5 ± 12.6%) during the follow-up period. However, ultra-
sonography and computed tomography disclosed different 
shunt diameter time courses between intrahepatic and extra-
hepatic CPSSs. Initial shunt diameter (5.8 ± 3.5 mm) reduced 
to 2.0 ± 0.3 mm in intrahepatic cases, but the initial diameter 
(6.3 ± 0.7 mm) increased to 10.6 ± 1.0 mm in extrahepatic cases. 
All patients had elevated serum total bile acid or ammonia lev-
els at initial screening, but these blood parameters were insuf-
ficient to assess shunt severity because the values fluctuate.
Conclusion: PRPS can track changes in the shunt severity 
of CPSS and is more reliable than ultrasonography and com-
puted tomography in patients with extrahepatic CPSS.

Congenital portosystemic shunt (CPSS), which is a major 
cause of neonatal hypergalactosemia without galactose-

metabolizing-enzyme deficiency (1), causes brain manganese 
deposition, pulmonary hypertension, and hyperammonemia 
leading to hepatic encephalopathy (2–8). CPSS is generally 
suspected if serum total bile acid (TBA) and ammonia lev-
els are elevated, and it is diagnosed by using color Doppler 
ultrasonography, dynamic contrast-enhanced computed 
tomography (CT), and per-rectal portal scintigraphy (PRPS) 
(7,9–12). Some shunts close spontaneously, whereas others 
need to be closed surgically or with embolization because 

of hyperammonemia leading to severe hepatic encepha-
lopathy (7,8,13–15). Therefore, it is important to follow up 
CPSS patients carefully with color Doppler ultrasonography, 
dynamic contrast-enhanced CT, and blood tests. Despite this, 
there is no gold standard for accurately assessing the degree of 
shunt. Color Doppler ultrasonography and dynamic contrast-
enhanced CT are useful for detecting shunt location and for 
assessing shunt diameter and flow, but these imaging modali-
ties cannot be used to evaluate shunt severity quantitatively. 
By contrast, PRPS can be used to calculate a shunt index 
(SI) for quantifying shunt severity, as previously reported 
(9). Currently, the use of PRPS is limited to the diagnosis of 
CPSS, and its application to long-term follow-up of CPSS is 
uncertain. Here, we aimed to clarify the role for PRPS in the 
long-term follow-up of patients with CPSS by retrospectively 
evaluating changes in shunt severity over time as assessed with 
PRPS.

RESULTS
Patients
Six patients (mean age: 9.6 y; range: 5.2–16.6 y) were diagnosed 
as having CPSS during the first year of life. On the basis of ultra-
sonography and dynamic contrast-enhanced CT, three of the 
six patients were identified as having intrahepatic CPSS, and 
the remaining three patients were found to have extrahepatic 
CPSS (Table 1). None of the six patients had abnormalities in 
the abdominal cavity, including hepatic tumors. Two of the 
patients with intrahepatic CPSS had shunts between the left 
portal vein and the central hepatic vein, and one had a shunt 
between the left portal vein and left hepatic vein (Table 1). Of 
the patients with extrahepatic CPSS, two had splenorenal shunts 
(Table 1; Figure 1a,b), and one had a mesocaval shunt (Table 1; 
Figure 1c; Supplementary Video S1 online). All six patients 
had normal mental development without hepatic encephalopa-
thy and showed absence of pulmonary hypertension.

Shunt Diameter
Ultrasonography or dynamic contrast-enhanced CT, or both, 
disclosed a difference between intrahepatic and extrahepatic 
CPSSs in terms of changes in shunt diameter over time. All three 
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intrahepatic CPSS patients showed spontaneous shunt regres-
sion. The initial shunt diameter of 5.8 ± 3.5 mm (mean ± SD) at 
0.7 ± 0.5 y of age was reduced to 2.0 ± 0.3 mm at 6 ± 2.6 y of age—a 
reduction of 59.6 ± 16.3% over 5.2 ± 2.8 y (Figure 2a–c). By con-
trast, the shunt diameter increased in all three extrahepatic CPSS 
patients: the initial shunt diameter of 6.3 ± 0.7 mm at 0.6 ± 0.2 y of 
age increased to 10.6 ± 1.0 mm at 11.3 ± 5.6 y of age—an increase 
of 70.0 ± 25.8% over 10.6 ± 5.6 y (Figure 2d–f).

Shunt Index
PRPS was performed in each patient two to four times at a 
median interval of 4.5 y (range: 1.4–6.7 y). For all six patients, 
the SI derived from PRPS decreased from 42.9 ± 9.9% (mean ± 
SD, cutoff: 10%) at 0.9 ± 0.8 y of age to 21.1 ± 11.1% at 9.3 ± 4.9 
y of age (Figure 2; Supplementary Figure S1 online)—a 
decrease of 51.8 ± 18.9% over 8.3 ± 5.2 y. In the patients with 
intrahepatic CPSS, the initial SI of 39.7 ± 9.8% at 1.2 ± 1.1 y 
of age decreased to 14.6 ± 4.7% at 6.6 ± 2.6 y of age (Figure 
2a–c; Supplementary Figure S1 online)—a reduction of 
60.7 ± 19.9% over 5.4 ± 3.1 y. In the patients with extrahe-
patic CPSS, the initial SI of 46.2 ± 10.9% at 0.6 ± 0.4 y of 
age decreased to 27.5 ± 12.6% at 11.8 ± 5.6 y of age (Figure 
2d–f; Supplementary Figure S1 online)—a reduction of 
42.9 ± 16.3% over 11.3 ± 5.7 y.

Blood Tests
Hypergalactosemia was identified in all six patients by new-
born screening (Table 1). At the initial examination at our 

hospital, serum levels of TBA or ammonia were elevated in all 
six patients (Table 1). No elevations of aspartate aminotrans-
ferase and alanine aminotransferase levels were found in any 
of these patients. During the follow-up period, galactose lev-
els decreased to within the normal range by 2 y of age despite 
persistent elevation of TBA and ammonia levels (Figure 3). 
The persistently high values of TBA or ammonia suggested 
the presence of a shunt, but the values fluctuated because of 
intestinal motility and changes in the types of meals consumed 
before fasting, limiting the use of these blood parameters in the 
quantitative assessment of shunt severity.

DISCUSSION
We retrospectively evaluated the long-term clinical course of 
CPSS patients, focusing on the degree of shunt as determined 
with PRPS. Various imaging modalities and blood tests indi-
cated that the natural histories of intrahepatic and extrahepatic 
CPSSs differed. Intrahepatic CPSS without hepatic tumor has 
been reported to spontaneously close or regress, whereas extra-
hepatic CPSS does not spontaneously regress (3,7,8,16–18). 
Ultrasonography and dynamic contrast-enhanced CT evalua-
tion showed spontaneous reductions in the shunt size in all of 
our patients with intrahepatic CPSS but in none with extrahe-
patic CPSS, strengthening the previous findings. Furthermore, 
all of our patients with extrahepatic CPSS showed marked 
enlargement in shunt diameter over time. The reason for this 
difference between intrahepatic and extrahepatic CPSSs is 
unclear; however, one possible explanation is the difference in 
the environments surrounding intrahepatic and extrahepatic 
CPSSs. An intrahepatic CPSS is tightly surrounded by liver 
parenchyma and may be under pressure during growth, per-
haps leading to spontaneous closure. One case report of a child 
with intrahepatic CPSS who died of pulmonary hypertension 
described an enlarged portal tract with multiple thin-walled 
angiomatous vessels; these may be a feature of shunts that tend 
to close or regress under pressure (5). By contrast, an extrahe-
patic CPSS is under less pressure from the surrounding tissues 
and thus may retain its size, or enlarge, as the patient grows.

The most important finding of our study is the reduction in 
SI in extrahepatic CPSS, despite the increase in shunt diameter. 
PRPS is a noninvasive method that results in little exposure to 

Table 1.  Profiles of six children with congenital portosystemic shunt

Patient no.

Age at initial 
examination 

(mo) Sex Shunt location

Initial laboratory findings

Galactosea 
(<8 mg/dl)

TBA  
(<10 μmol/l)

NH3  
(30–80 μg/dl)

AST  
(20–70 IU/l)

ALT  
(10–70 IU/l)

1 0.5 Male Intrahepatic (LPV–LHV) 14.97   37 178 23 18

2 1 Male Intrahepatic (LPV–CHV) 8.9   44   89 41 28

3 1 Male Intrahepatic (LPV–CHV) 11.6   56 141 30 19

4 1 Male Extrahepatic (SV–LRV) 8.0 92.2   52 24 13

5 1 Male Extrahepatic (SV–LRV) 8.0 184   94 55 40

6 1 Male Extrahepatic (IMV–IIV) 7.4   58   80 38 23

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHV, central hepatic vein; IIV, internal iliac vein; IMV, inferior mesenteric vein; IU, international units; LHV, left hepatic 
vein; LPV, left portal vein; LRV, left renal vein; SV, splenic vein; TBA, total bile acid.
aGalactose was evaluated within 45 d after birth by newborn mass screening.

Figure 1.   Ultrasonography and computed tomography (CT) portal 
venography of extrahepatic congenital portosystemic shunt patients. 
(a) Splenorenal shunt (arrow) was clearly visualized in the sagittal view 
on ultrasonography (16 y). (b) Splenorenal shunt (arrow) on maximum 
intensity projection image of CT portal venography (1.5 y). (c) Mesocaval 
shunt (arrow) on three-dimensional volume-rendered image of CT portal 
venography (5 y).

a b c
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radionuclide and is an effective method for evaluating portal cir-
culation; it is therefore used to diagnose or evaluate CPSS in chil-
dren and to assess the severity of cirrhosis in adults (9,19–21). 
Shiomi et al. (19) reported the usefulness of PRPS in providing 
detailed information about changes in portal hemodynamics; 
they reported that SI in adults increases as liver cirrhosis pro-
gresses. Uchino et al. (3) reported that the risk of hepatic enceph-
alopathy increases with the degree of portosystemic shunting, as 
indicated by the PRPS SI. The SI has also been shown to be use-
ful for evaluating the postoperative course in dogs with extrahe-
patic CPSS (22). In children, a recent study demonstrated that 
PRPS is complementary to ultrasonography and endoscopy in 
the assessment of portal hypertension associated with chronic 
cholestasis (23). We found that SI decreased in all of our subjects 
with CPSS during long-term follow-up; this may be a previously 
unrecognized feature of the natural course of CPSS in humans. 
However, the change in SI paralleled a reduction in shunt diam-
eter in the children with intrahepatic CPSS but contrasted 
with the increase in shunt diameter in patients with extrahe-
patic CPSS. CPSS without spontaneous closure or regression is 
considered to reflect an increase in the degree of shunt sever-
ity and is associated with complications (16). In addition, the 
enlargement of shunt diameter in our patients with extrahepatic 
CPSS may have led physicians to consider that the severity of 
the shunt has worsened. However, our study demonstrated that 
an increase in shunt diameter, as shown by imaging modalities 
such as ultrasonography and dynamic contrast-enhanced CT, is 
not an indicator of the severity of the shunt in CPSS, whereas 
PRPS can be used to quantify shunt severity by using the SI, 
regardless of changes in shunt appearance.

Imaging modalities such as ultrasonography and dynamic 
contrast-enhanced CT are useful for detecting the location and 
size of CPSS but cannot provide the degree of shunt severity 
as quantitatively as can PRPS. In addition, the image quality 
of ultrasonography for extrahepatic CPSS is often influenced 
by abdominal conditions (e.g., intestinal contents) because 
the shunt is surrounded by the stomach or the small or large 
intestine, whereas PRPS is not influenced by abdominal con-
ditions because the radiological agent is instilled through the 
rectum. The concentrations of TBA and ammonia are useful 
for monitoring the presence of PSS, but because these values 
can fluctuate with changes in gut conditions, their use in accu-
rately assessing progress toward shunt closure is problematic. 
Therefore, it is important and effective to use PRPS in addi-
tion to ultrasonography, dynamic contrast-enhanced CT, and 
blood tests to assess shunt severity in the diagnosis and follow-
up of CPSS.

Surgical repair or embolization may be recommended for 
extrahepatic CPSS without closure because of the high risk of 
hepatopulmonary syndrome, pulmonary hypertension, and 
hepatic encephalopathy (4,7,8,13–16). Stringer (8) described 
that CPSS-affected individuals are at risk of developing hepatic 
encephalopathy and/or an intrahepatic tumor depending largely 
on the volume and duration of the shunt. The risk of hepatic 
encephalopathy is related to the degree of portosystemic shunt-
ing, as measured by PRPS (3); therefore, it is rational to take the 
SI into consideration when deciding whether surgical treatment 
or embolization is indicated. On the other hand, Bernard et al. (7) 
recommended that, even when no complication is detected, clo-
sure of shunt should be considered early to prevent complications 

Figure 2.  Time course of shunt index and shunt diameter in patients with congenital portosystemic shunt (CPSS). (a) Case 1 with intrahepatic CPSS 
between LPV and LHV. (b) Case 2 with intrahepatic CPSS between LPV and CHV. (c) Case 3 with intrahepatic CPSS between LPV and CHV. (d) Case 4 with 
extrahepatic CPSS between SV and LRV. (e) Case 5 with extrahepatic CPSS between SV and LRV. (f) Case 6 with extrahepatic CPSS between IMV and IIV. 
Case number is same as the patient number. Shunt index is shown as open circle, and shunt diameter is shown as solid diamond. CHV, central hepatic 
vein; IMV, inferior mesenteric vein; IIV, internal iliac vein; LHV, left hepatic vein; LPV, left portal vein; LRV, left renal vein; SV, splenic vein.
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Figure 3.  Time course of (a) galactose, (b) TBA, and (c) ammonia levels in children with congenital portosystemic shunt (CPSS). (1) Case 1 with intrahe-
patic CPSS between LPV and LHV. (2) Case 2 with intrahepatic CPSS between LPV and CHV. (3) Case 3 with intrahepatic CPSS between LPV and CHV. (4) 
Case 4 with extrahepatic CPSS between SV and LRV. (5) Case 5 with extrahepatic CPSS between SV and LRV. (6) Case 6 with extrahepatic CPSS between 
IMV and IIV. Case number is the same as patient number. CHV, central hepatic vein; IIV, internal iliac vein; IMV, inferior mesenteric vein; LHV, left hepatic 
vein; LPV, left portal vein; LRV, left renal vein; SV, splenic vein; TBA, total bile acid.
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in cases of CPSS except for small intrahepatic shunt. Therefore, 
it remains unclear whether SI affects the indications for closure 
of shunt and there are no criteria for initiating treatment based 
on PRPS. In our study, the SI of extrahepatic CPSS decreased 
even though the shunt diameter increased during the long-term 
natural course of the condition. Taking the current and previous 
findings together suggests that it is important to determine the 
SI to evaluate the risk of hepatic encephalopathy in patients with 
extrahepatic CPSS; in addition, SI may be considered an impor-
tant parameter in addition to hyperammonemia, portal pressure, 
shunt size, and clinical symptoms suggesting hepatic encepha-
lopathy when deciding whether surgical treatment or emboliza-
tion is warranted in patients with extrahepatic CPSS, although 
further clinical study is necessary to support this hypothesis.

In conclusion, our study clearly revealed that PRPS can 
provide information about the severity of CPSS beyond that 
provided by biochemical tests, ultrasonography, and dynamic 
contrast-enhanced CT. SI decreased over time, both in patients 
with intrahepatic CPSS, whose shunts decreased in diam-
eter, and in patients with extrahepatic CPSS, whose shunts 
increased in diameter. We recommend following up patients 
with CPSS by using PRPS.

METHODS
Six patients with CPSS were retrospectively analyzed. Informed con-
sent was obtained, and the study was approved by the Institutional 
Review Board of Osaka City University Hospital. All six patients were 
found to have hypergalactosemia during newborn screening but did 
not have galactose-metabolizing-enzyme deficiency. Each patient was 
diagnosed as having CPSS by blood tests, including aspartate amino-
transferase, alanine aminotransferase, galactose, TBA, and ammonia 
levels, in addition to ultrasonography, dynamic contrast-enhanced 
CT, and PRPS. All patients were followed using the same modalities. 
Shunt location, shunt flow, and shunt diameter were evaluated by 
using ultrasonography and dynamic contrast-enhanced CT (Table 1). 
Chest roentgenography, electrocardiography, and echocardiogra-
phy were undertaken to assess pulmonary hypertension. PRPS was 
performed as previously described (9). Briefly, a polyethylene tube 
(Nélaton’s catheter, French 8–12, Terumo Cooperation, Tokyo, Japan) 
was inserted 10 cm deep into the rectum, reaching the upper part. 
A large-field scintillation camera (Vertex Plus; Adac Laboratories, 
Milpitas, CA) was used to generate time–activity curves. The cam-
era had a low-energy, multipurpose, parallel-hole collimator and was 
interfaced with a digital computer (Pegasys; Adac Laboratories). The 
camera was positioned over the patient’s abdomen so that the field of 
view included the heart, liver, and spleen. First, 111 MBq (megabec-
querels) of Tc-99m–pertechnetate (1 ml) was given through the tube, 
followed by 10–20 ml of air. Thereafter, time–activity curves for the 
areas of the liver and heart were obtained every 4 s. At the end of the 
5-min examination, the 5-min summed image, displayed in color, was 
recorded. To evaluate the extent of the portosystemic shunt in terms 
of an SI, we calculated the ratio of counts for the liver to counts for the 
heart integrated for 24 s immediately after the appearance of the liver 
time–activity curve.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at 
http://www.nature.com/pr
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