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1. Introduction

Congenital extrahepatic portosystemic shunts (CEPS), 
also known as Abernethy malformation, is a congenital 
vascular malformation characterized by an abnormal 
communication between the extrahepatic portal venous 
system and the systemic venous system. CEPS has a low 
global incidence, with fewer than 400 cases reported 
in the relevant literature to date. CEPS is classified 
into two types based on the presence or absence of 
intrahepatic portal venous blood flow (1,2). Type I 
CEPS is characterized by the complete absence of portal 
venous blood flow to the liver, while type II CEPS is 
characterized by partial preservation of portal venous 
blood flow to the liver (3,4). To confirm the classification 
of CEPS patients, balloon occlusion testing is required 
for those screened by routine imaging examinations to 
determine the presence of intrahepatic portal venous 
branches (5). For patients diagnosed with type II 
CEPS, due to the presence of intrahepatic portal venous 
branches, favorable therapeutic outcomes can usually be 

achieved through shunt ligation alone (6).
	 Previous findings have documented that some type 
II CEPS patients may present with severe complications, 
including hepatic encephalopathy (HE), gastrointestinal 
bleeding (GIB), pulmonary arterial hypertension 
(PaHT), and hepatopulmonary syndrome (7-10). Some 
patients with type II CEPS may develop hepatic nodules. 
Although most are benign, malignant transformation 
remains possible (11). For patients with such severe 
complications, surgical treatment can alleviate symptoms 
and slow disease progression to a certain extent. For 
asymptomatic patients, prophylactic surgical treatment 
can prevent such severe complications (12).
	 Currently, shunt occlusion remains the primary 
surgical approach for managing type II CEPS patients, 
including shunt ligation and endovascular embolization 
(13). Most previous studies have confirmed that shunt 
occlusion yields favorable recovery outcomes in 
pediatric-dominant patient populations, but there is a 
scarcity of literature documenting treatment approaches 
for adult-dominant populations (8,10). This study 
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aims to summarize our single-center experience with 
individualized surgical management, focusing on 
decision-making principles, perioperative outcomes, 
complication patterns, and long-term follow-up.

2. Patients and Methods

2.1. Study subjects

A total of 31 patients with type Ⅱ CEPS who were 
hospitalized in the Department of Hepatobiliary and 
Pancreatic Surgery at the Chinese People's Liberation 
Army General Hospital from January 2011 to December 
2024 were enrolled in this study. The inclusion criterion 
was that all patients were confirmed as type Ⅱ CEPS by 
balloon occlusion testing, which demonstrated preserved 
intrahepatic portal venous flow. Patients with type I 
CEPS (absence of intrahepatic portal perfusion) were 
excluded.

2.2. Preoperative evaluation and diagnostic confirmation

All patients underwent comprehensive preoperative 
imaging assessments, including abdominal computed 
tomography (CT), magnetic resonance imaging (MRI), 
and/or ultrasonography (US). These examinations 
served to delineate shunt anatomy and classify shunts 
according to the Blanc system (14), which encompassed 
categories such as extrahepatic portosystemic shunt 
(EHPS), end to side like portocaval shunt (ESPC), side 
to side like portocaval shunt (SSPC), portohepatic shunt 
(PH), and persistent ductus venosus (PDV). Anatomical 
variants within this classification, including extrahepatic 
portorenal (EHPR), extrahepatic porto iliac/caval 
(EHPC), end to side like portorenal (ESPR), side to side 
like portorenal (SSPR), and side to side like portoatrial 
(SSPA), were also documented. In addition, imaging 
was used to evaluate severity of portal hypertension and 
to identify associated complications, such as hepatic 
nodules or gastroesophageal varices.
	 Laboratory investigations included measurements 
of liver function parameters (alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin, 
albumin, prothrombin time (PT)), blood ammonia levels, 
and indocyanine green retention 15 min (ICG R15) to 
evaluate hepatic reserve and operative risk.
	 Definitive classification of CEPS was established 
via balloon occlusion angiography. Temporary occlusion 
of the shunt allowed assessment of intrahepatic portal 
vein patency and portal pressure dynamics, thereby 
distinguishing type Ⅱ (partial portal flow preserved) from 
type I shunts.

2.3. Selection of surgical approaches

Surgical strategy was individualized according to 
preoperative shunt anatomy, portal hemodynamics, and 

major clinical manifestations. Preoperative imaging 
was used to evaluate shunt type, diameter, length, and 
anatomical relationship to the portal venous system, 
while intraoperative portal pressure measurement and 
ultrasonography were used to assess the hemodynamic 
tolerance of shunt occlusion and to guide final operative 
strategy. The main clinical considerations included portal 
hypertension, variceal bleeding risk, hyperammonemia, 
and lower-extremity symptoms related to abnormal 
venous drainage. Based on these factors, patients were 
assigned to one of five surgical approaches (Figure 1).
	 Shunt occlusion was selected for patients in whom 
direct interruption of the shunt was considered technically 
feasible and hemodynamically tolerable. Two options 
were used. Surgical ligation was preferred in patients 
with thick or short shunts, or in those requiring additional 
open surgical procedures. In these patients, absence 
of obvious congestion in the small intestine and colon 
after occlusion was used as an intraoperative indicator 
of acceptable portal venous outflow and tolerable portal 
pressure elevation. Endovascular embolization was 
considered in patients with relatively small shunts or in 
those who were unable to tolerate general anesthesia. 
After embolization, portal pressure was reassessed to 
ensure that it did not exceed 25 cmH2O.
	 Splenic vessels ligation (ligation of splenic artery 
and vein) was used mainly in patients with splenic 
vein–left renal vein shunts accompanied by a splenic 
vein steal phenomenon identified by intraoperative 
ultrasonography.
	 Shunt occlusion combined with splenic artery 
ligation was considered in patients in whom direct shunt 
occlusion alone was judged likely to cause excessive 
postoperative portal hypertension. In these cases, splenic 
artery ligation was used to reduce portal inflow and 
improve hemodynamic tolerance after shunt restriction.
	 Shunt occlusion combined with distal splenorenal 
shunt (DSRS) or side-to-side anastomosis between 
the splenic vein and the inferior vena cava (IVC) was 
reserved for patients with severe portal hypertension 
suggested by clinical or imaging findings, or with 
marked varices along the lesser curvature of the stomach 
and a substantial risk of bleeding identified during 
intraoperative exploration. In patients with splenic vein 
shunts, splenic vessels ligation (i.e., shunt occlusion) 
was performed first, followed by splenorenal shunting. 
In patients with other shunt types, such as portorenal 
or gastrorenal shunts, splenic vessels ligation and 
splenorenal shunting were performed first, followed by 
shunt occlusion.
	 IVC shunt bypass surgery was selected for patients 
with portoiliac shunts who presented with claudication 
and significant lower-extremity edema. In these patients, 
an artificial bypass from the shunt to the IVC was created 
to restore venous return and relieve venous congestion.
	 Intraoperative changes in portal pressure before 
and after temporary or definitive shunt occlusion 
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median and interquartile range (IQR) M_d (P25, P75) 
and compared using the rank sum test. A p value < 0.05 
was considered statistically significant. Given the small 
sample sizes in several subgroups, all statistical analyses 
were considered exploratory. No adjustment for multiple 
comparisons was performed because of the descriptive 
nature of the study.

2.6. Ethical approval

This study was approved by the Ethics Committee of 
Human Experimentation of the PLA General Hospital 
(No.S2018-013-01). All patients or their parents (for 
patients younger than 18 years) signed informed 
consent forms prior to inclusion in the study. This study 
was conducted in accordance with the Declaration of 
Helsinki.

3. Results

3.1. Baseline characteristics of patients

A total of 31 patients were enrolled in this study, 
including 13 males (42%). The median age at diagnosis 
was 39 years (range: 2–71 years). The follow-up cutoff 

were recorded in all applicable patients. Blood flow 
direction and velocity were monitored by intraoperative 
ultrasonography to confirm the hemodynamic effect of 
the procedure. Postoperatively, imaging re-evaluation 
and laboratory testing were performed to assess recovery 
and detect complications.

2.4. Study follow-up

Postoperative evaluation included serial imaging 
(CT/US) and laboratory tests to assess restoration of 
hepatopetal portal flow, changes in liver volume, and 
the development of complications, such as thrombosis, 
recurrent shunts, or variceal progression. Symptom 
recurrence or new complications prompted further 
diagnostic work-up and tailored management. Follow-up 
data were collected until December 2024.

2.5. Statistical methods

SPSS 26.0 software was used to analyze data for 
each group. Measurement data conforming to normal 
distribution were expressed as mean ± standard deviation 
(x̅ ± s) and compared using t-test; measurement data not 
conforming to normal distribution were expressed as 

Figure 1. Surgical decision-making flowchart. Abbreviations: CEPS, congenital extrahepatic portosystemic shunt; PVP, portal venous pressure; 
DSRS, distal splenorenal shunt; IVC: inferior vena cava.
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date was December 2024, and detailed baseline data are 
shown in Table 1.
	 Among the 31 enrolled patients, six were diagnosed 
incidentally during physical examination. The main 
symptoms at admission of the remaining patients were 
as follows: HE (n = 9, 29%), hyperammonemia (n = 20, 
65%), PaHT (n = 4, 13%), hepatic nodules (n = 19, 61%), 
GIB (n = 7, 23%), abdominal pain (n = 4, 13%), dyspnea 
(n = 2, 6%), left lower extremity claudication (n = 2, 6%), 
and hemoptysis (n = 1, 3%). All patients were confirmed 
as type Ⅱ CEPS by balloon dilation-occlusion testing. 
Anatomical types of shunts in all patients were classified 
according to the 4-category congenital portosystemic 
shunts (CPS) model proposed by Blanc, and information 
such as type Ⅱ CEPS complications and specific surgical 
approaches is summarized in Table 2.
	 A m o n g  t h e  2 0  p a t i e n t s  d i a g n o s e d  w i t h 
hyperammonemia, the mean blood ammonia level was 
69.47 ± 21.60 μmol/L. Nine of these patients had HE 
before treatment, with a mean blood ammonia level of 
81.92 ± 22.67 μmol/L. Lower extremity claudication was 
caused by a portoiliac shunt. Among the hepatic nodules, 
7 were focal nodular hyperplasia (FNH), 8 were cirrhotic 
nodules (CN), and non-specific hepatic nodules (NSHN) 
were found in 8 patients on pathological examination.
	 Liver function test indicators of patients were as 
follows: the median aspartate aminotransferase (AST) 
was 24 U/L (IQR: 21.6–41.2), with abnormalities (≥ 40 
U/L) in 9 patients. The median alanine aminotransferase 
(ALT) was 18.2 U/L (IQR: 14.1–26), with abnormalities 
(≥ 40 U/L) in 3 patients. The median total bilirubin was 
21.9 μmol/L (IQR: 13.6–36.9), with abnormalities (> 21 
umol/L) in 17 patients. The mean albumin level was 33 
± 5.63 g/L, with abnormalities (< 35 g/L) in 16 patients. 
Blood ammonia was measured in 30 patients, with a 
mean value of 54.33 ± 28.17 μmol/L (normal range: 0–32 
μmol/L), and 20 patients had abnormalities. Preoperative 
ICG-R15 was measured in 21 patients, with a mean value 
of 33.60 ± 14.46%. PT was measured in all patients, with 
a mean value of 17.36 ± 2.44 s, and abnormalities (> 15 s) 
were observed in 28 patients

3.2 .  Treatment  approaches  and per ioperat ive 
complication management

Thirty-one patients with type II CEPS underwent surgical 
intervention, including shunt occlusion (n = 11, 35.5%), 
splenic vessels ligation (n = 5, 16.1%), shunt occlusion 
combined with splenic artery ligation (n = 5, 16.1%), 
shunt occlusion combined with DSRS (n = 8, 25.8%), 
and IVC shunt bypass (n = 2, 6.4%). A descriptive 
summary of perioperative outcomes across the five 
surgical strategies is provided in Table 3. Overall, blood 
ammonia levels and ICG-R15 decreased significantly 
after surgery (p = 0.001 and p = 0.04), while portal 
pressure and liver volume increased significantly (p 
= 0.008 and p < 0.001, respectively). In contrast, no 

significant postoperative changes were observed in 
spleen volume (and p = 0.923). Detailed hemodynamic 
and volumetric data are presented in Table 4.
	 A total of eleven patients received shunt occlusion, 
including six who underwent surgical ligation and 
five who underwent endovascular embolization. After 
treatment, blood ammonia levels decreased from 73.40 
± 22.72 μmol/L to 36.2 ± 20.67 μmol/L, and ICG-R15 
decreased from 33.95 ± 19.68% to 21.16 ± 14.47%. 
Portal pressure increased from 11.45 ± 6.18 cmH2O 
to 16.4 ± 4.39 cmH2O. Liver volume increased from 
734.61 ± 227.08 cm³ to 864.22 ± 247.04 cm³, whereas 
spleen volume showed only a limited change (333.475 ± 
242.84 cm³ vs. 363.89 ± 243.16 cm³). When the surgical 
ligation and endovascular embolization subgroups were 
descriptively compared, changes in blood ammonia 
level, liver volume, and spleen volume appeared broadly 
comparable, although these subgroup observations 
should be interpreted with caution given the limited 
sample size.
	 Of the five patients who underwent splenic vessels 
ligation, four achieved significant symptom relief after 
surgery. Blood ammonia levels decreased from 67.58 
μmol/L [IQR: 54.61–105.95] to 42.19 μmol/L [IQR: 
22.26–100.16]. Portal pressure increased from 19.63 ± 
6.9 cmH2O to 22.12 ± 3.12 cmH2O. ICG-R15 decreased 
from 37.13 ± 11.31% vs. 23.17 ± 19.17%. Liver volume 
increased from 673.6 ± 46.78 cm³ to 768.07 ± 105.08 
cm³.
	 Among the five patients who underwent shunt 
occlusion combined with splenic artery ligation, all 
achieved significant relief of symptoms after surgery. 
Blood ammonia levels increased from 49.18 μmol/L 
[IQR: 22.73–51.00] to 56.34 μmol/L [IQR: 12.38-72.14]. 
Portal pressure increased from 14.1 ± 5.64 cmH2O to 
21.4 ± 1.52 cmH2O. ICG-R15 increased from 28.9 ± 
21.15% to 33.87 ± 24.58%. Liver volume increased from 
1000.33 ± 692.06 cm³ vs. 1156.25 ± 683.62 cm³.
	 All eight patients who received shunt occlusion 
combined with DSRS achieved symptom relief. Among 
the five hyperammonemia patients, blood ammonia 
levels decreased from 69.31 ± 15.58 μmol/L to 33.72 
± 11.13 μmol/L. Portal pressure decreased from 24.0 
cmH2O [IQR: 15.75–28.0] to 22.0 cmH2O [IQR: 17.75–
31.0]. ICG-R15 decreased from 44.57 ± 8.31% to 25.83 
± 14.15%. Liver volume remained relatively stable from 

Table 1. Baseline Characteristics (n = 31)

Characteristics

Sex (Male)
Hepatic encephalopathy
Incidental finding on examination
Gastrointestinal bleeding
Abdominal pain
Dyspnea
Left lower limb claudication
Hemoptysis

%

42
29
19
23
13
  6
  6
  3

n

13
  9
  6
  7
  4
  2
  2
  1
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806.09 ± 161.89 cm³ to 807.16 ± 129.53 cm³.
	 Two patients underwent IVC shunt bypass surgery 
due to lower extremity edema, and their symptoms were 
effectively relieved after postoperative management and 
treatment strategy adjustment.

3.3. Perioperative complication management and 
outcomes

Among the 31 treated patients,  9 experienced 

postoperative complications of Clavien-Dindo grade III 
or higher; detailed postoperative grading is shown in 
Table 5.
	 Of the patients who underwent shunt occlusion, case 
25 (jaundice) had been found to have a splenorenal shunt 
1 year earlier and presented at admission with obvious 
decompensated cirrhosis. Interventional treatment 
was selected because it was considered less invasive. 
Although portal venous flow recovered after the 
procedure, the patient developed sudden cardiopulmonary 

Table 3. Efficacy of five surgical procedure types

Characteristics

Procedure Type
     Surgical
     Endovascular
Clinical Indication &
Outcome
     HE
     PaHT
     GIB
     Abdominal Pain
     Jaundice
     Claudication
     Prophylactic Treatment
     Complications

Shunt Occlusion
 (n = 11)

6
5

3 (All improved)
2 (All improved)
1 (All improved)
2 (All improved)
1 (1 Death)
-
2
5 (1 Death)

Abbreviations: HE, hepatic encephalopathy; PaHT, pulmonary arterial hypertension; GIB, gastrointestinal bleeding; DSRS, distal splenorenal 
shunt; IVC, inferior vena cava.

Shunt Occlusion + 
Splenic Artery Ligation 

(n = 5)

5
0

1 (All improved)
1 (All improved)
2 (All improved)
1 (All improved)
-
-
-
4

Splenic vessels ligation
(n = 5)

5
0

3 (All improved)
1 (1 Death)
1 (All improved)
-
-
-
-
2 (1 Death)

Shunt Occlusion + 
DSRS (n = 8)

8
0

1 (All improved)
-
3 (2 improved)
1 (All improved)
-
-
3
3

IVC Shunt Bypass
 surgery (n = 2)

2
0

-
-
-
-
-
2 (All improved)
-
0

Table 4. Hemodynamic and volumetric changes before and after surgery

Procedure

Overall (n = 31, 100%)
     Blood ammonia (μmol/L) [hyperammonemic patients, n = 20]
     Portal pressure (cmH₂O) [n = 22]
     ICG-R15 (%)[n = 17]
     Liver volume (cm³)[n = 25]
     Spleen volume (cm³)[n = 13]
Shunt occlusion (n = 11, 35.5%)
     Blood ammonia (μmol/L) [hyperammonemic patients, n = 7]
     Portal pressure (cmH₂O) [n = 8]
     ICG-R15 (%)[n = 6]
     Liver volume (cm³) [n = 9]
     Spleen volume (cm³) [n = 8]
Splenic vessels ligation (n = 5, 16.1%)
     Blood ammonia (μmol/L) [hyperammonemic patients, n = 4]
     Portal pressure (cmH₂O) [n = 4]
     ICG-R15 (%)[n = 3]
     Liver volume (cm³)[n = 3]
Shunt occlusion + splenic artery ligation (n = 5, 16.1%)
     Blood ammonia (μmol/L) [hyperammonemic patients, n = 2]
     Portal pressure (cmH₂O) [n = 5]
     ICG-R15 (%)[n = 3]
     Liver volume (cm³)[n = 4]
Shunt occlusion + DSRS (n = 8, 25.8%)
     Blood ammonia (μmol/L) [hyperammonemic patients, n = 5]
     Portal pressure (cmH₂O) [n = 5]
     ICG-R15 (%)[n = 3]
     Liver volume (cm³)[n = 7]

Before Surgery

    68.38 [53.25–78.93]
    15.75 [10.5–19.25]
    35.73 ± 14.68
  811.17 ± 315.94
  367.31 ± 264.14

    73.40 ± 22.72
    11.45 ± 6.18
    33.67 ± 18.39
  734.61 ± 227.08
  333.48 ± 242.84

    67.58 [54.61–105.95]
    19.63 ± 6.90
    37.13 ± 11.31
  673.60 ± 46.78

    49.18 [22.73–51.00]
    14.10 ± 5.64
    28.90 ± 21.15
1000.33 ± 692.06

    69.31 ± 15.58
    24.0 [15.75–28.0]
    44.57 ± 8.31
  806.09 ± 161.89

Notes: Data are presented as mean ± SD or median [IQR]. *indicates p < 0.05. Abbreviations: DSRS, distal splenorenal shunt; ICG-R15, 
indocyanine green retention rate at 15 min; IQR, interquartile range; IVC, inferior vena cava; SD, standard deviation.

After Surgery

    32.87 [21.40–53.78]
    21.00 [15.0–22.5]
    27.81 ± 18.38
  915.07 ± 338.76
  369.65 ± 231.61

    36.20 ± 20.67
    16.40 ± 4.39
    26.48 ± 20.9
  864.22 ± 247.04
  363.89 ± 243.16

    42.19 [22.26–100.16]
    22.12 ± 3.12
    23.17 ± 19.17
  768.07 ± 105.08

    56.34 [12.38-72.14]
    21.40 ± 1.52
    33.87 ± 24.58
1156.25 ± 683.62

    33.72 ± 11.13
    22.0 [17.75–31.0]
    25.83 ± 14.15
  807.16 ± 129.53

p value

    0.001*
    0.008*
  0.04*

 < 0.001*
  0.923

 < 0.001*
    0.015*
  0.207

    0.024*
0.19

0.47
0.47

  0.404
  0.376

  0.655
    0.044*

0.18
    0.005*

 < 0.001*
  0.492

0.11
0.89
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arrest on postoperative day 2, and embolic occlusion 
of a vital organ was considered a possible cause. Four 
other patients developed postoperative complications: 
2 with portal hypertension, 1 with HE, and 1 with 
portal vein thrombosis. Case 22 (HE) had an elevated 
ICG-R15 value after interventional treatment and 
developed portal hypertension symptoms (manifested 
as ascites) 1 month postoperatively. Case 23 (HE) had 
a reduced liver volume postoperatively (1002.9→911.4 
cm³) and recurrent HE two months later. After splenic 
vessels ligation, the ICG-R15 value decreased to 40.1% 
(48%→40.1%), and the blood ammonia level dropped to 
84.9 μmol/L (113.4→84.9 μmol/L). Case 7 (prophylactic 
treatment) developed portal hypertension-related HE 
six months postoperatively; after segmental hepatic 
artery embolization, the blood ammonia level decreased 
significantly (40.9→10.4 μmol/L) with favorable 
recovery. Case 13 (Liver Nodule) was found to have 
shunt thrombosis by postoperative ultrasound; and no 
significant changes were observed after three months of 
warfarin treatment.
	 Among the five patients who underwent splenic 
vessels ligation, Case 17 (PaHT) had severe pulmonary 
arterial hypertension (pulmonary artery pressure 122 
mmHg) and right heart insufficiency for 3 years before 
surgery. Preoperative evaluation suggested insufficient 
operative reserve. Because marked thrombocytopenia 
secondary to hypersplenism contraindicated interventional 
treatment and no other alternative was available, the 
patient underwent surgery and subsequently developed 
postoperative multi-organ failure. Case 11 (melena) 
had an elevated ICG-R15 value (5→34%) 2 months 
postoperatively. Interventional examination revealed a 
new shunt (splenic vein-left ovarian vein shunt), which 
was occluded interventially; and the patient recovered 
well with a decreased ICG-R15 value (34→25.9%).
	 Among the five patients who underwent shunt 
occlusion combined with splenic artery ligation, 4 
developed postoperative complications: 3 had elevated 
ICG-R15 values. Case 4 (PaHT) had an increased 
ICG-R15 value (17.6→23.7%), developed pulmonary 
embolism at 1-year follow-up, and multiple abdominal 
collateral circulations at 5-year follow-up. Case 

8 (Congenital Heart Disease) developed superior 
mesenteric vein and main portal vein thrombosis 10 
days postoperatively with an elevated ICG-R15 value 
(15.8→16.0%). After thrombolytic therapy and regular 
warfarin administration after discharge, the thrombosis 
disappeared at 1-month follow-up. Case 28 (HE) had 
an elevated ICG-R15 value (53.3→61.9%); and a new 
shunt (gastroepiploic vein- IVC shunt) was detected 3 
months postoperatively. After interventional occlusion, 
the portal pressure increased (12.5→20 cmH2O), and 
the blood ammonia level decreased (62.13→28.95 
μmol/L). Case 1 (a child with a portoiliac shunt and 
hematochezia) had symptom recurrence 2 years later due 
to a new abnormally dilated drainage tract. Interventional 
examination revealed that the previously ligated shunt 
vessel (inferior mesenteric vein) drained into abnormally 
dilated pelvic veins.
	 Among the eight patients who underwent shunt 
occlusion combined with DSRS, three developed 
complications: Case 18 (hematochezia) had elevated 
portal pressure (24→30 cmH2O) postoperatively, 
recurrent hematochezia due to gastrorenal shunt 2 years 
later, and multiple hepatic nodules 4 years later. Case 10 
(GIB) had decreased portal pressure (28→14 cmH2O) 
postoperatively but developed extensive portal vein and 
splenic vein thrombosis 10 days later. Anticoagulant 
therapy was ineffective, and hematemesis, melena, and 
portal hypertensive gastropathy occurred within 1 year. 
Case 19 (hematochezia) had decreased portal pressure 
(21.5→18.5 cmH2O) postoperatively, developed portal 
vein thrombosis complicated by hilar and gastric fundus 
varices, and splenic artery thrombosis within 10 days. 
After heparin anticoagulation, the thrombosis resolved, 
and the extent of splenic infarction decreased.
	 Two patients underwent IVC shunt bypass surgery 
due to claudication. Case 5 (lower extremity edema) 
initially underwent a two-stage shunt occlusion. 
Postoperative indicators improved (decreased blood 
ammonia, elevated portal pressure), but symptoms 
did not. Long-term follow-up showed lower extremity 
flushing, thrombosis,  and portal  hypertension 
complications due to the formation of superior 
mesenteric vein-iliac vein collateral circulation. After 

Table 5. Clavien-Dindo Complication Classification (n = 14)

Grade

Grade II

Grade III

Grade IV

Grade V

Complication

Portal System Thrombosis
Pulmonary Embolism

Portal Hypertension
New Shunt Formation
Recurrent hepatic encephalopathy

Multi-organ Failure

Acute Myocardial Infarction

n

4
1

2
4
1

1

1

Management

Anticoagulation
Anticoagulation

No effective intervention
Interventional occlusion
Medical therapy

No effective intervention

No effective intervention
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careful consideration, IVC shunt bypass surgery was 
performed, and symptoms were relieved. Case 14 (lower 
extremity edema) showed no symptom relief after 
splenic artery occlusion in the interventional department. 
Thus, restrictive portacaval shunt combined with IVC 
shunt bypass surgery was performed, and symptoms 
were relieved postoperatively. However, the patient had 
persistently elevated blood ammonia during long-term 
follow-up.

4. Discussion

In this study, drawing on a relatively large cohort for 
this rare condition, we described five surgical strategies 
tailored to different shunt anatomies and clinical 
scenarios, and evaluated their perioperative and long-
term outcomes. These findings may provide practical 
guidance for the future management of CEPS.
	 Bernard summarized occlusion portal pressures 
in 59 children with congenital portosystemic shunts 
and showed that pressures varied widely after shunt 
occlusion. They also emphasized that no precise cut-off 
value could be defined for deciding between one-stage 
and two-stage closure, and that small bowel tolerance 
during occlusion was a key intraoperative consideration 
(13). Compared with this approach, in our center we 
used 25 cmH2O as a practical reference threshold for 
procedure selection. In our cohort, shunt occlusion 
significantly increased portal pressure and liver volume, 
suggesting improved hepatic inflow. Additionally, no 
significant differences were found in the changes of 
blood ammonia level, ICG-R15, liver volume, or spleen 
volume between surgical ligation and interventional 
occlusion for shunt occlusion. These results suggest that 
interventional treatment, a less invasive approach, can be 
prioritized for type Ⅱ CEPS patients undergoing shunt 
occlusion who meet the criteria above.
	 Relevant literature has indicated that Abernethy 
malformation is associated with portal hypertension-
related complications, with gastroesophageal varices 
as the main manifestation in reported cases (15). 
According to related studies, treatment of type Ⅱ 
CEPS patients requires a balance between "restoring 
portal perfusion, avoiding excessive postoperative 
portal hypertension","controlling complications", and 
individualized combined surgical or interventional 
decompression regimens can be adopted (16). Therefore, 
we explored surgical approaches for this patient group.
	 This study identified that some patients with 
splenorenal shunts exhibited retrograde portal venous 
flow into the splenic vein. In such patients, the abnormal 
shunt diverts blood from both the portal venous system 
and the splenic arterial system. Splenic vessels ligation 
was therefore performed to interrupt this abnormal 
flow. Among the patients in this study, five underwent 
splenic vessels ligation. Postoperatively, symptoms were 
significantly alleviated in four of these patients. Although 

no statistically significant differences were observed 
in blood ammonia levels, portal pressure, ICG-R15, or 
changes in liver volume, a trend toward improvement 
was noted.
	 For type Ⅱ CEPS patients with high portal pressure, 
splenic artery ligation may be considered. Its main 
purpose is to reduce abnormal splenic inflow, thereby 
alleviating portal hypertension and hypersplenism 
while preserving as much splenic immune function as 
possible. Splenic vessels ligation can directly reduce 
blood flow from the spleen to the portal venous system, 
thereby helping to lower abnormally elevated portal 
pressure and relieve portal hypertension (13). Among 
patients undergoing shunt occlusion, some still have 
high intraoperative portal pressure after shunt ligation. 
Combining splenic artery ligation with shunt occlusion 
can stabilize portal pressure and avoid the risk of 
secondary surgery. In our cohort, postoperative portal 
pressure and liver volume increased in this subgroup, 
consistent with improved portal perfusion. This suggests 
that shunt occlusion combined with splenic artery 
ligation can effectively regulate portal pressure and 
hepatic blood perfusion in patients.
	 DSRS is widely used for surgical decompression of 
esophagogastric variceal bleeding in cirrhotic patients and 
pediatric patients with portal hypertension. It maintains 
significant hepatopetal perfusion of the main portal 
vein and mesenteric vein after surgery, while effectively 
shunting splenic blood flow, thereby reducing portal 
venous system pressure and the risk of variceal bleeding 
(17). In our study, shunt occlusion combined with DSRS 
or side-to-side splenic vein-IVC anastomosis was used 
in patients with severe portal hypertension or high-risk 
gastric varices. This approach appeared more suitable 
than shunt occlusion with splenic artery ligation alone in 
patients with established portal hypertension and marked 
varices.
	 All eight patients who underwent shunt occlusion 
combined with DSRS experienced symptom relief, 
and blood ammonia levels decreased in patients with 
hyperammonemia, suggesting improved metabolic status 
after surgery.
	 In portoiliac variants of type II CEPS, high-flow 
drainage into the iliac venous system may generate pelvic 
and lower-limb venous hypertension, leading to refractory 
edema, venous claudication, flushing, and thrombotic 
events. In our cohort, two patients underwent IVC 
shunt bypass surgery because of disabling claudication 
and persistent lower-extremity symptoms despite prior 
interventions. Postoperative symptom relief was achieved, 
although persistent hyperammonemia was observed in 
long-term follow-up in one patient.
	 However, postoperative complications and mortality 
should be interpreted in the context of heterogeneous 
baseline risk. In our cohort, the most serious adverse 
outcomes appeared more likely to occur in patients with 
advanced disease, major comorbidities, and limited 
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physiologic reserve, as illustrated by Case 17 with severe 
pulmonary arterial hypertension and longstanding right 
heart insufficiency, and Case 25 with decompensated 
cirrhosis at admission. These outcomes should therefore 
not be attributed to procedural failure alone. This point 
is important when comparing treatment strategies, 
because the five procedures were applied to patients 
with substantially different anatomy, hemodynamics, 
symptoms, and operative tolerance. Direct comparison 
of postoperative safety across procedures is therefore 
not appropriate in this cohort. In addition, grade III 
complications, including portal hypertension and new 
shunt formation, could not be clearly linked to specific 
baseline characteristics or to a particular surgical strategy. 
These associations remain speculative and require further 
study.
	 Previously, surgical treatment for type Ⅱ CEPS 
patients mostly involved one-stage/multi-stage shunt 
ligation (3,18,19). In this study, for some patients with 
excessively elevated portal pressure after shunt ligation, 
splenic vessels ligation or DSRS was performed (20,21). 
On the basis of successful restoration of portal pressure 
and hepatic blood flow, the incidence of surgery-
related complications was not significantly increased. 
Nevertheless, postoperative complications were observed 
across subgroups, including portal hypertension, hepatic 
encephalopathy, portal vein thrombosis, and new 
collateral shunt formation. Most complications improved 
after anticoagulation, re-intervention, or other active 
management.
	 This study also has limitations. It is a retrospective 
study, with follow-up bias in some patients. Additionally, 
the study mainly focuses on adult and elderly type 
Ⅱ CEPS patients, with a small sample size of infants 
and children. Furthermore, the sample size of several 
subgroups was small, and the heterogeneity of shunt 
anatomy, clinical presentation, and surgical strategies 
limited direct inter-group comparison. Therefore, the 
findings should be interpreted with caution and regarded 
as descriptive rather than confirmatory. Despite the 
small sample size, it is a large-sample study for such a 
rare disease as type Ⅱ CEPS. We believe that the new 
combination of surgical treatment approaches is beneficial 
for improving patient outcomes, achieving more thorough 
symptom relief, and reducing recurrence. However, it 
still needs further research and clinical practice to be 
improved. In conclusion, surgery centering on shunt 
occlusion demonstrates promising therapeutic value and 
remains the mainstay in treatment of type II CEPS.

Acknowledgements

We thank all participants for their involvement in the 
study and their effort.

Funding: Supported by the Beijing Natural Science 
Foundation (L244027); Young Elite Scientists 

Sponsorship Program of the Beijing High Innovation 
Plan (20250936).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1.	 Morgan G, Superina R. Congenital absence of the portal 
vein: two cases and a proposed classification system for 
portasystemic vascular anomalies. J Pediatr Surg. 1994; 
29:1239-1241.

2.	 Howard ER, Davenport M. Congenital extrahepatic 
portocaval shunts--the Abernethy malformation. J Pediatr 
Surg. 1997; 32:494-497.

3.	 Lautz TB, Tantemsapya N, Rowell E, Superina RA. 
Management and classification of type II congenital 
portosystemic shunts. J Pediatr Surg. 2011; 46:308-314.

4.	 Tang H, Song P, Wang Z, Han B, Meng X, Pan Y, Meng X, 
Duan W. A basic understanding of congenital extrahepatic 
portosystemic shunt: incidence, mechanism, complications, 
diagnosis, and treatment. Intractable Rare Dis Res. 2020; 
9:64-70.

5.	 Kanazawa H, Nosaka S, Miyazaki O, Sakamoto S, Fukuda 
A, Shigeta T, Nakazawa A, Kasahara M. The classification 
based on intrahepatic portal system for congenital 
portosystemic shunts. J Pediatr Surg. 2015; 50:688-695.

6.	 Zeng P, Qu Z, Sun H, Zhao J. Status of congenital 
extrahepatic portosystemic shunt. Chin Med J (Engl). 
2022; 135:1610-1612.

7.	 Akahoshi T, Nishizaki T, Wakasugi K, Mastuzaka T, 
Kume K, Yamamoto I, Sugimachi K. Portal-systemic 
encephalopathy due to a congenital extrahepatic 
portosystemic shunt: Three cases and literature review. 
Hepatogastroenterology. 2000; 47:1113-1116.

8.	 Zhang JS, Li L. Surgical ligation of a portosystemic shunt 
for the treatment of type II Abernethy malformation in 
12 children. J Vasc Surg Venous Lymphat Disord. 2021; 
9:444-451.

9.	 Yi JE, Jung HO, Youn HJ, Choi JY, Chun HJ, Lee JY. A 
case of pulmonary arterial hypertension associated with 
congenital extrahepatic portocaval shunt. J Korean Med 
Sci. 2014; 29:604-608.

10.	 Fu L, Wang Q, Wu J, Guo Y, Huang M, Liu T, Chen Q, 
Li F. Congenital extrahepatic portosystemic shunt: An 
underdiagnosed but treatable cause of hepatopulmonary 
syndrome. Eur J Pediatr. 2016; 175:195-201.

11.	 Sanada Y, Mizuta K, Niki T, Tashiro M, Hirata Y, Okada 
N, Yamada N, Ihara Y, Urahashi T, Soejima Y, Fukusato T, 
Kondo F. Hepatocellular nodules resulting from congenital 
extrahepatic portosystemic shunts can differentiate 
into potentially malignant hepatocellular adenomas. J 
Hepatobiliary Pancreat Sci. 2015; 22:746-756.

12.	 Baiges A, Turon F, Simón-Talero M, et al. Congenital 
ex t rahepa t i c por tosys temic shun t (Aberne thy 
malformation): An international observational study. 
Hepatology. 2020; 71:658-669.

13.	 Bernard O, Franchi-Abella S, Branchereau S, Pariente D, 
Gauthier F, Jacquemin E. Congenital portosystemic shunts 
in children: recognition, evaluation, and management. 
Semin Liver Dis. 2012; 32:273-287.

14.	 Blanc T, Guerin F, Franchi-Abella S, Jacquemin E, Pariente 
D, Soubrane O, Branchereau S, Gauthier F. Congenital 
portosystemic shunts in children: a new anatomical 

(192)



Intractable & Rare Diseases Research. 2026; 15(2):183-193.                           www.irdrjournal.comIntractable & Rare Diseases Research. 2026; 15(2):183-193.                           www.irdrjournal.com

classification correlated with surgical strategy. Ann Surg. 
2014; 260:188-198.

15.	 Yao X, Liu Y, Yu LD, Qin JP. Rare portal hypertension 
caused by Abernethy malformation (Type IIC): A case 
report. World J Radiol. 2023; 15:250-255.

16.	 Papamichail M, Pizanias M, Heaton N. Congenital 
portosystemic venous shunt. Eur J Pediatr. 2018; 177:285-
294.

17.	 Lemoine C, Lokar J, McColley SA, Alonso EM, Superina 
R. Cystic fibrosis and portal hypertension: Distal 
splenorenal shunt can prevent the need for future liver 
transplant. J Pediatr Surg. 2019; 54:1076-1082.

18.	 Rajeswaran S, Johnston A, Green J, Riaz A, Thornburg B, 
Mouli S, Lautz T, Lemoine C, Superina R, Donaldson J. 
Abernethy malformations: Evaluation and management 
of congenital portosystemic shunts. J Vasc Interv Radiol. 
2020; 31:788-794.

19.	 Franchi-Abella S, Branchereau S, Lambert V, Fabre M, 
Steimberg C, Losay J, Riou JY, Pariente D, Gauthier F, 
Jacquemin E, Bernard O. Complications of congenital 
portosystemic shunts in children: Therapeutic options and 
outcomes. J Pediatr Gastroenterol Nutr. 2010; 51:322-330.

20.	 Uchida H, Sakamoto S, Yanagi Y, Shimizu S, Fukuda A, 

Ono H, Miyazaki O, Nosaka S, Schlegel A, Kasahara M. 
Significance of a multidisciplinary approach to congenital 
extrahepatic portosystemic shunt: A changing paradigm for 
the treatment. Hepatol Res. 2023; 53:540-555.

21.	 McLin VA, Franchi-Abella S, Brütsch T, et al. Expert 
management of congenital portosystemic shunts and their 
complications. JHEP Rep. 2024; 6:100933.

Received January 15, 2026; Revised April 5, 2026; Accepted 
April 17, 2026.

§These authors contributed equally to this work.
*Address correspondence to:
Haowen Tang and Weidong Duan, Faculty of Hepato-Pancreato-
Biliary Surgery, the First Medical Center of Chinese PLA 
General Hospital, 28 Fuxing Road, Haidian, Beijing 100853, 
China.
E-mail: haowen_tang@163.com (HT) and Duanwd301@126.
com (WD)

Released online in J-STAGE as advance publication April 22, 
2026.

(193)


