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Congenital intrahepatic
portosystemic shunt in 27
children: an experience and
treatment strategy of a single
centre in China
Jin-Shan Zhang*

Department of General Surgery, Capital Institute of Pediatrics, Beijing, China
Objective: To evaluate treatment strategies for congenital intrahepatic
portosystemic shunt (CIPSS) based on the experience of treating 27 children.
Methods: Between August 2017 and January 2024, our team treated 27 children
with CIPSS. Twelve patients underwent surgical ligation of the portosystemic
shunt, while 15 patients diagnosed prenatally received conservative treatment
without surgery. All patients were followed up after diagnosis or surgery.
During follow-up, blood ammonia and biochemistry tests, along with
ultrasound examinations, were conducted. Clinical presentations were recorded.
Results: The prenatal diagnosis rate for CIPSS using ultrasound was 74.1%
(20/27). Hyperammonemia was the most common clinical manifestation,
occurring in 81.5% (22/27) of cases. Jaundice and abnormal liver function
were the next most frequent presentations in patients with prenatal diagnosis,
with incidences of 80% (16/20) and 65% (13/20), respectively. In 12 patients
undergoing surgical ligation, blood ammonia levels returned to normal, the
abnormal shunt disappeared as confirmed by ultrasound and CT, and no
patients developed portal vein thrombosis or portal hypertension
postoperatively. In 15 patients receiving conservative treatment, 53.3% (8/15)
experienced spontaneous closure of the abnormal shunt within 1–7 months
(median: 3 months). Jaundice and hyperammonemia were completely resolved
within 1–8 months in patients receiving conservative treatment.
Conclusion: CIPSS is a curable congenital anomaly. Prenatal ultrasound is
effective for detection. Conservative treatment is recommended until the age
of one, followed by surgical ligation or interventional treatment for patients
with persistent shunts after 1 year.
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1 Introduction

Congenital portosystemic shunt (CPSS) is a rare vascular malformation with an

incidence of 1 in 30,000 to 1 in 50,000. These abnormal shunts typically connect the

portal venous system (intrahepatic portal vein, main portal vein, splenic vein, superior

mesenteric vein, or inferior mesenteric vein) to the systemic circulation system (inferior

vena cava, hepatic vein, iliac vein, or renal vein). Based on their location, CPSSs are

classified as extrahepatic or intrahepatic. Congenital extrahepatic portosystemic shunt

(CEPSS), also known as Abernethy malformation, was first described by John
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Abernethy in 1793. In contrast, congenital intrahepatic

portosystemic shunt (CIPSS) involves abnormal shunts between

the intrahepatic portal vein branches and the hepatic veins, and

is less common than CEPSS. A key difference between CEPSS

and CIPSS is their prognosis. Shunts in CEPSS do not typically

close spontaneously, while spontaneous closure is possible in the

early stages of CIPSS (1–5). This study summarizes the diagnosis

and treatment experience of 27 children with CIPSS, providing

insights into effective treatment strategies for this condition.
2 Materials and methods

Between August 2017 and January 2024, our team treated 27

children with CIPSS. From August 2017 to August 2022, 12 cases

(age at operation: 13 days to 15.3 years, median: 0.5 years, male:

6, female: 6) underwent surgical ligation of the portosystemic

shunt. Among these 12 cases, 5 were diagnosed through prenatal

ultrasound. The remaining seven cases were diagnosed based on

abdominal ultrasound findings and clinical symptoms, as detailed

in Table 1. All 12 cases required surgical closure of the CIPSS

due to persistent portosystemic shunting (in patients over one

year of age) or severe clinical symptoms. From December 2020

to January 2024, 15 children (recent age during follow-up: 6–30

months, median: 16 months, male: 12, female: 3) with CIPSS

were diagnosed prenatally and received conservative treatment

without surgery. These patients have been under our care since

the initial prenatal diagnosis.
TABLE 1 The general information and surgical results of 12 cases with surgic

No. Operative
age (year)

Duration of
follow-up
(months)

Gender Origin of
bypass
vein

Cl
prese

1 8.7 9 F RPV Hemangiom
hyperammo

2 15.3 14 F DV Cardiac dil

3 0.4 19 F RPV Hemangiom
hyperammo

4 1.4 24 F DV Jaundice, a
function, li
hyperammo

5 0.2 25 M LPV Jaundice, a
function

6 0.1 36 M LPV Hyperamm

7 8.6 37 M DV Cardiac dil
hyperammo

8 21 days 43 F LPV Jaundice, a
function,
hyperammo

9 0.6 44 M LPV Abnormal
hyperammo

10 6.1 48 F RPV Hypoxemia

11 13 days 59 M LPV Jaundice,
hyperammo

12 0.1 69 M LPV Hyperamm

LLPV, ligation of left portal vein; LRPV, ligation of right portal vein; LDV, ligation of ductus veno

DV, ductus venosus; PAVF, pulmonary arteriovenous fistula; PH, pulmonary hypertension; F, Fem

post, post-operative.
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Clinical presentations, including jaundice, abnormal liver

function, and hyperammonemia, were evaluated by measuring

serum levels of total bilirubin (TBIL), direct bilirubin (DBIL),

indirect bilirubin (IBIL), alanine aminotransferase (ALT),

aspartate transferase (AST), γ-glutamyl transpeptidase (GGT),

and ammonia (AMM). Normal ranges for these markers may

vary depending on the reagent kits used. The jaundice was

evaluated by the levels of TBIL, DBIL, and IBIL. The abnormal

liver function was evaluated by the levels of ALT, AST, and

GGT. The hyperammonemia was evaluated by the level of

AMM. A diagnosis of jaundice, abnormal liver function, or

hyperammonemia was made when measured levels exceeded the

established normal ranges. These normal ranges in our hospital

are as follows: TBIL (3.4–20.0 µmol/L), DBIL (0–3.4 umol/L),

IBIL (3.4–16.6 umol/L), ALT (7–30 U/L), AST (14–44 U/L), GGT

(5–19 U/L), and AMM (11–40 µmol/L).
2.1 Surgical method

Initially, a 16G venous catheter was inserted into a branch of

the superior mesenteric vein to measure portal pressure and

perform portal venography. This procedure allowed for the

diagnosis of CIPSS and identification of the abnormal shunt’s

location (Figure 1). A decision to perform complete or partial

ligation of the shunt was based on portal pressure measurements

after temporarily clamping the shunt. If the small intestine

appeared uncongested and the occluded portal pressure did not

exceed 26 cmH2O, complete ligation was performed. However, if
al ligation.

inical
ntations

Surgical
methods

AMM
(umol/L)

Caliber
(mm)

Time of
diagnosis

(Age, years)
Pre Post

as,
nemia

LRPV 52.16 36 6.2–8.8 8

atation, PH LDV 37.55 33.03 14.8 11

as,
nemia

LRPV 40.36 38.73 3.9 0.4

bnormal liver
ver tumor,
nemia

LDV 52.09 20.66 8.6 1.2

bnormal liver LLPV 25 39.7 2.9 Prenatal

onemia LLPV 217 20.2 2–2.7 Prenatal

atation,
nemia

LDV 67.44 22.97 4.6 8.3

bnormal liver

nemia

LLPV 95 33.2 1.3, 0.8 Prenatal

liver function,
nemia

LLPV 47.84 38 2.8 0.6

, PAVF pLRPV 27.52 26.52 5.2 5

nemia
LLPV 106.9 27.2 8.4 Prenatal

onemia LLPV 81.8 31.71 4 Prenatal

sus; pLRPV, partial ligation of right portal vein; RPV, right portal vein; LPV, left portal vein;

ale; M, Male; Caliber, caliber of abnormal shunt measured by ultrasound; pre, pre-operative;
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FIGURE 1

Intrahepatic portosystemic shunt (arrow) as demonstrated by intraoperative portal venography (A: a shunt from the left portal vein to the left hepatic
vein; B: a shunt from the right portal vein to the right hepatic vein; C: a patent ductus venosus shown by preoperative CT three-dimensional imaging).
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portal hypertension (portal pressure >26 cmH2O) or significant

small intestine congestion was observed during temporary

occlusion, partial ligation was performed until portal pressure

was reduced to 26 cmH2O or lower. A second operation for

definitive shunt closure was scheduled 3–6 months later (6).

Postoperatively, intravenous heparin was administered to

prevent portal vein thrombosis for seven days. Subsequently, oral

Plavix or aspirin was used for six months to maintain

anticoagulation. Follow-up visits were scheduled for 1, 3, 6

months, and then every six months thereafter. During follow-up,

ultrasound and CT scans were used to evaluate the abnormal

shunt, portal vein thrombosis, and spleen size. Routine blood

tests, including blood biochemistry, coagulation function, and

ammonia levels, were performed. Clinical presentations were

also recorded.
2.2 Conservative method

Postnatal care included conservative management, which

consisted of medical treatment, dietary adjustments, and

regular monitoring.

Medical management aimed to alleviate and resolve clinical

presentations, including abnormal liver function, jaundice, and

hyperammonemia. The treatment regimen included:

(1) Compound glycyrrhizic acid glycoside tablets: An oral

Chinese herbal medicine containing glycyrrhizin,

monoammonium glycyrrhizinate, aminoacetic acid, and

methionine, used to treat elevated transaminases.

Glycyrrhizin has been shown to have multiple therapeutic

effects on liver disease, including anti-steatosis, anti-

oxidative stress, anti-inflammation, immunoregulation, anti-

fibrosis, anti-cancer, and drug-drug interaction properties

(7). The efficacy of Compound glycyrrhizin injections for
Frontiers in Pediatrics 03
the treatment of drug-induced liver injury was analyzed by

comparing the levels of ALT and AST between the

compound glycyrrhizin group and the control group (8).

Results showed that the compound glycyrrhizin group had a

significantly higher overall normalization rate of ALT and

AST than the control group, indicating the effectiveness of

compound glycyrrhizin injections in reducing ALT and AST

levels in patients with drug-induced liver injury.

Additionally, glycyrrhizic acid, a component of Compound

glycyrrhizin, has been shown to attenuate liver fibrosis and

hepatic stellate cell activation in animal models, suggesting

its potential as a candidate compound for preventing or

relieving liver fibrosis (9).

(2) Ursodeoxycholic acid capsules and yinzhihuang granules:

Oral medications used to treat jaundice. Yinzhihuang

granules, a traditional Chinese herbal medicine containing

extracts of Artemisia capillaris Thunb., Gardenia

jasminoides Ellis, Lonicera japonica Thunb., and Scutellaria

baicalensis Georgi, have been shown to be effective and safe

for neonatal jaundice (10).

(3) Lactulose: An oral medication used to treat hyperammonemia

by trapping ammonia in the gut and promoting the formation

of NH4
+ from NH3. For severe hyperammonemia, intravenous

arginine may be administered.

Dietary management focused on reducing blood ammonia levels.

For infants over six months old, decreasing the intake of protein-rich

foods, such as breast milk or powdered milk, can be beneficial.

Regular monitoring included ultrasound examinations to

identify the malformation and blood tests (biochemistry and

ammonia) to assess liver function, total bilirubin, and blood

ammonia levels. Blood ammonia was monitored closely, with

measurements performed every two weeks during the first three

months, monthly from three to six months, and semi-annually

thereafter until normal levels were achieved. Liver function and
frontiersin.org
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total bilirubin were monitored monthly until normal levels were

reached. Ultrasound examinations were conducted at 1, 3, 6, and

12 months after birth, followed by every six months until

spontaneous closure of the CIPSS.
2.3 Ethical statement

All procedures performed in studies involving human

participants were under the ethical standards of the institutional

research committee, the 1964 Helsinki declaration and its later

amendments or comparable ethical standards. This work has

been approved by the ethical committee of the Capital Institute

of Pediatrics. All patients and their parents gave their informed

consent before their inclusion in the study.
3 Results

The prenatal diagnosis rate of CIPSS by ultrasound was 74.1%

(20/27). Among patients who underwent surgical ligation, the

prenatal diagnosis rate was 41.7% (5/12), while it was 100%

(15/15) in those receiving conservative treatment.

Hyperammonemia was the most common clinical presentation,

occurring in 81.5% (22/27) of cases. Following hyperammonemia,

jaundice and abnormal liver function were the next most

frequent presentations in patients with prenatal diagnosis, with

incidences of 80% (16/20) and 65% (13/20), respectively. Cardiac

dilatation, liver tumor, hypoxemia, pulmonary arterial

hypertension, and pulmonary arteriovenous fistula were observed

in five patients over one year of age and were alleviated but not

completely resolved after surgical ligation.

Twelve patients who underwent surgical ligation were followed

for 9–69 months (median: 32.5 months). Postoperatively, their

blood ammonia levels returned to normal, and the abnormal

shunt was no longer visible on ultrasound or CT. There were no

postoperative complications, including portal vein thrombosis or

portal hypertension (Table 1).

Fifteen patients who received conservative treatment were

followed for 6–30 months after birth (median: 16 months). Of

these, eight experienced spontaneous closure of the abnormal

shunt, as confirmed by ultrasound. The overall spontaneous

closure rate was 53.3% (8/15), occurring within 1–7 months

(median: 3 months) in the eight patients with spontaneous closure

(Table 2). Among the five cases diagnosed after 12 months of age

that did not close spontaneously, one had a persistent abnormal

shunt successfully occluded through an interventional procedure at

20 months (Case No. 7 in Table 2). The remaining four cases

with persistent shunts were not treated with interventional closure

despite our recommendations. To date, these four untreated cases

have not developed severe complications, such as cardiac

dilatation, liver tumor, hypoxemia, pulmonary arterial

hypertension, or pulmonary arteriovenous fistula.

In patients receiving conservative treatment, jaundice,

abnormal liver function, and hyperammonemia were common

clinical presentations, with incidences of 86.7% (13/15), 73.3%
Frontiers in Pediatrics 04
(11/15), and 86.7% (13/15), respectively. The remission rate for

jaundice was 100% (13/13) within 1–8 months (median: 4

months), and the elevated levels of direct bilirubin (DBIL)

returned to normal in all 13 patients with jaundice (Table 3).

The remission rate for liver dysfunction was 81.8% (9/11), with

transaminase levels returning to normal within 1–8 months

(median: 3 months). Of the 15 patients receiving conservative

treatment, 13 with hyperammonemia experienced a complete

remission, as evidenced by normalized blood ammonia levels

(Table 2). This resulted in a 100% remission rate for

hyperammonemia, with blood ammonia levels returning to

normal within 1–8 months (median: 4 months).
4 Discussion

4.1 Prenatal diagnosis

CIPSS is often difficult to diagnose without specialized

examinations. Approximately 27% of CIPSS cases are incidentally

detected during abdominal or liver examinations for other

conditions (11). Ultrasound is a crucial diagnostic tool,

particularly during the prenatal period. Up to 42% of congenital

portosystemic shunts (including CEPSS and CIPSS) are

diagnosed through prenatal ultrasound, and this rate continues to

rise (12–14). In our study, 74.1% (12/27) of CIPSS cases were

first identified by prenatal ultrasound. Early diagnosis of CIPSS

through prenatal ultrasound is advantageous for timely

treatment. In our surgical group, some patients without prenatal

diagnosis experienced severe complications, such as cardiac

dilatation, liver tumors, and hypoxemia, due to delayed diagnosis

and treatment. Therefore, early diagnosis of CIPSS enables

prompt treatment and regular monitoring, helping to prevent

complications associated with delayed care.
4.2 Clinical presentations

Hyperammonemia is a common clinical manifestation of

CIPSS, occurring in approximately 79% of patients with

congenital portosystemic shunt (CPSS) (1). Among CIPSS cases

diagnosed prenatally, hyperammonemia is the most prevalent

presentation, with an incidence of up to 85% (17/20). Jaundice

and liver dysfunction are also common, occurring in 80% and

65% of cases, respectively.

Hyperammonemia, a risk factor for hepatic encephalopathy, is

often considered an indication for surgical intervention in CIPSS

(6). Early treatment is generally recommended (1). However, the

question remains whether hyperammonemia alone justifies

surgery in patients younger than one year old. In our study, all

patients treated conservatively experienced normalization of

blood ammonia levels within 1–8 months, suggesting that

hyperammonemia can be effectively managed without surgical

intervention in this age group. Elevated ammonia levels are a

common consequence of portal-systemic shunting, as ammonia

absorbed from the intestine bypass the liver. While elevated
frontiersin.org
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TABLE 2 The information and results of 15 cases with conservative therapy.

No. Recent age

(months)

Gender Origin of

bypass vein

Clinical

presentations

Age in a normal (months) TBIL (umol/L) ALT (U/L) AST (U/L) GGT (U/L) AMM (umol/L) Caliber (mm)

TBIL ALT, AST,

GGT

AMM Spontaneous

closure

After

birth

Recent After

birth

Recent After

birth

Recent After

birth

Recent After

birth

Recent After

birth

Recent

1 30 M LPV JA, AL, HA 3 1 3 3 167.5 5 29.3 12 48 24.4 56 6 76 20.15 3.2 Closure

2 28 M LPV JA, AL, HA 3 3 3 2 251.3 4.6 158.2 22.6 158.1 38.6 156 13 45.37 34 1.9, 2.6a Closure

3 29 M LPV JA, AL, HA 8 8 8 3 87 5.1 79.1 27.7 74.6 33 157 18 41 38 1 Closure

4 16 M LPV JA, AL, HA 8 1 1 233.9 8.2 4 25.8 52 32 188 16.5 89 14 3.9 1.6

5 26 M RPV HA 7 7 5.7 6.7 24.6 23.2 36.6 32.5 12 11 45.8 12.46 2.2 Closure

6 15 M LPV JA, AL, HA 1 2 1 1 152.5 10.2 12 10.7 23.3 24.9 188.9 15 92.7 32.44 2.8 Closure

7 20 M DV JA, AL 5 70.3 16.9 88.9 41.8 102.1 82.6 264 13 25.56 20.63 3.3 3.8

8 22 M RPV JA, AL, HA 4 7 8 316.28 7.5 13 29 33 22 334 13 91.5 24.5 3 5.3

9 18 M RPV AL 6 19 8.7 79 28 98 40 102 14 53b 62.9b 8.9 5.2 × 3.1c

10 12 F LPV JA, HA 4 4 223.2 4.28 34 26 33 36 32 13 60 23.4 3.4 1.9

11 6 M LPV JA, HA 6 6 234.1 13 19 28 35 33 118 15 42 20 2.2 1.9

12 10 M LPV JA, HA 4 4 4 121 10.6 11.1 22.4 30.5 45.4 105.5 23.4 73.4 25.7 1.9 Closure

13 12 M LPV JA, AL, HA 3 1 3 1 82.7 9.3 4.2 21.3 45 40 136 18 82.4 33.7 2 Closure

14 10 F LPV, DV JA, AL, HA 6 6 6 6 328.6 3.7 9 26 54 38 82 10.9 65b 50.9b 2, 2.9a Closure

15 6 F LPV, RPV JA, AL, HA 2 6 25.8 15.68 91.2 63.3 92.9 75.3 70 17.6 91.61 22 14.8*12c 6*6c

F, female; M, male; LPV, left portal vein; RPV, right portal vein; DV, ductus venosus; a, two branches of bypass vein; b, Normal range is 16–60 umol/L; c, angiomatous change; Caliber, caliber of abnormal shunt shown by ultrasound; TBIL, total bilirubin; ALT, alanine
aminotransferase; AST, aspartate transferase; AMM, ammonia; JA, Jaundice; AL, abnormal liver function; HA, hyperammonemia; the normal range of AMM is 11–40 umol/L in our hospital.
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TABLE 3 The changes of TBIL, DBIL and IBIL in 15 cases with conservative therapy.

NO. TBIL (umol/L) DBIL (umol/L) IBIL (umol/L)

After birth Recent After birth Recent After birth Recent
1 167.5 5 14.4 1.0 153.1 4

2 251.3 4.6 16.2 1.7 235.1 2.9

3 87 5.1 38.8 1.2 48.2 3.9

4 233.9 8.2 14.6 1.2 219.3 7

5 5.7 6.7 2.1 2.2 3.6 4.5

6 152.5 10.2 17.9 2.3 134.6 7.9

7 70.3 16.9 49.7 6.5 20.6 10.4

8 316.28 7.5 6.12 3.4 310.16 4.5

9 19 8.7 5.9 2.9 13.1 5.8

10 223.2 4.28 45.6 1.58 177.6 2.7

11 234.1 13 8.8 3 225.3 10

12 121 10.6 36.1 1.7 84.9 8.9

13 82.7 9.3 16.7 3.4 66 6.3

14 328.6 3.7 10.8 1.4 317.8 2.3

15 25.8 15.68 5.7 3.12 20.1 12.56

TBIL, total bilirubin; DBIL, direct bilirubin (conjugated bilirubin); IBIL, Indirect bilirubin (unconjugated bilirubin); the normal range of TBIL is 3.4–20.0 umol/L; the normal range of DBIL is

no more than 3.4 umol/L; the normal range of IBIL is less than 16.6 umol/L.
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ammonia levels generally indicate the presence of a portal-systemic

shunt, other factors such as dietary regime and intestinal function

can also influence ammonia levels. In addition to closing the

abnormal shunt, treating hyperammonemia involves dietary

adjustments to limit protein intake and reduce ammonia

production and absorption in the intestine. If dietary

management and oral lactulose are ineffective, intravenous

arginine may be considered to lower blood ammonia levels and

prevent encephalopathy.

Cholestasis caused by CIPSS in neonates is often curable (15).

In our study, all patients treated conservatively experienced

resolution of jaundice and abnormal liver function, further

supporting the notion that cholestasis alone may not necessitate

surgical intervention in CIPSS (16). However, it’s important to

differentiate cholestasis caused by CIPSS from that resulting from

biliary malformations (such as biliary atresia, biliary dysplasia,

and choledochocyst), which can be identified through ultrasound,

CT, or cholangiography and may coexist with CIPSS (1).

Following conservative therapy, the remission rates for

jaundice, liver dysfunction, and hyperammonemia were 100%

(13/13), 81.8% (9/11), and 100% (13/13), respectively. Among

the patients without clinical presentations after conservative

therapy, eight had spontaneous shunt closure, while others did

not. This suggests that both shunt closure and conservative

therapy contributed to the resolution of clinical symptoms.

However, this study’s limitation is the lack of direct comparison

between patients who received conservative therapy and those

who did not. Such a comparison would provide more definitive

evidence regarding the effectiveness of conservative treatment.
4.3 Treatment

The primary goal of CPSS treatment is to prevent or reverse

complications, including hepatic encephalopathy, liver tumor and
Frontiers in Pediatrics 06
injury, hepatopulmonary syndrome, pulmonary hypertension,

and heart diseases (17, 18).

4.3.1 Spontaneous closure
Spontaneous closure rates for CIPSS are generally higher than

for CEPSS (47% vs. 4%), especially in patients younger than two

years old (19, 20). In our study, 53.3% (8/15) of patients

receiving conservative therapy experienced spontaneous CIPSS

closure between 1 and 7 months, with a median age of 3

months. However, the mechanism and predictive factors for

spontaneous closure remain unclear (20). Therefore, careful

monitoring is recommended until the age of one, followed by

reduced follow-up frequency (11).

There is no consensus regarding the optimal timing for surgical

closure of congenital portosystemic shunts (CPSS) (1, 15). Some

experts suggest a medical approach for patients older than two

years old, based on the possibility of spontaneous closure within

this age range (16). In our study, eight patients with CIPSS

experienced spontaneous closure between 1 and 7 months of age.

No spontaneous closures were observed after 7 months. This

suggests that the likelihood of spontaneous closure significantly

decreases after one year of age, and delaying surgical intervention

may increase the risk of complications. In patients undergoing

surgical ligation, five experienced serious complications, including

cardiac dilatation, liver tumor, hypoxemia, pulmonary arterial

hypertension, and pulmonary arteriovenous fistula, likely due to

delayed closure.

4.3.2 Surgical closure
4.3.2.1 Methods of surgical closure
For patients with CIPSS that does not close spontaneously and is

diagnosed after the age of one, surgical closure is generally

recommended, either through surgical ligation or interventional

embolization (21). Interventional embolization is often the

preferred approach, but surgical ligation may be necessary for
frontiersin.org
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FIGURE 2

The suggested treatment strategy of CIPSS (PPG: portal pressure gradient; PPV: pressure of portal vein).

Zhang 10.3389/fped.2024.1428270
shunts with a larger diameter or shorter length. Additionally,

surgical ligation may be required if complete closure cannot be

achieved in a single surgical procedure, necessitating a staged

approach (6). In our study, 12 children underwent surgical ligation

instead of interventional embolization. The decision to prioritize
Frontiers in Pediatrics 07
surgical ligation was influenced by several factors. Firstly, our

institution did not have specialists trained in interventional

embolization until 2023. Secondly, interventional embolization

carries certain risks, such as ectopic embolism, portal vein

thrombosis, and the inability to perform staged surgery (16).
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4.3.2.2 Experimental occlusion before closure
Before definitive closure of CIPSS, an experimental occlusion of the

abnormal shunt, using either a balloon in interventional treatment

or a suture in surgical ligation, is a crucial procedure to evaluate the

plasticity of the intrahepatic portal vein. Failure to perform this

procedure effectively can increase the risk of portal hypertension,

portal vein thrombosis, and even death following CIPSS closure.

Portal pressure is a key indicator during experimental

occlusion. Previous studies involving 70 children reported the

results of radiologic or surgical shunt occlusion, including portal

pressure measurements in 59 and angiography in 30. These

studies found that occlusion portal pressures were below 20 mm

Hg in 23 children, between 20 and 29 in 20 children, and 30 mm

Hg or higher (range 30–45) in 16 (1). However, a definitive

cutoff value for determining whether a one- or two-stage closure

is necessary remains elusive.

Previously, an occlusion portal pressure above 32 mm Hg was

considered an indicator of a two-stage procedure, especially if the

portal vein was not visible on the occlusion angiogram (1, 16).

Recent literature suggests that a single-stage closure may be

feasible if the test occlusion results in a portal pressure gradient

less than 10 mm Hg and the absolute occluded portal pressure

remains below 25 mm Hg (22). Therefore, a portal pressure

gradient less than 10 mm Hg and an absolute occluded portal

pressure below 25 mm Hg were considered indicators of a single-

stage interventional closure. If these criteria are not met, surgical

ligation is recommended.

In surgical ligation, an experimental occlusion must be

performed again. If the portal pressure is no more than 20 mm

Hg, complete ligation of the abnormal shunt can be considered.

Otherwise, partial ligation may be necessary to maintain portal

pressure at 20 mm Hg, followed by a staged procedure after 3–6

months (6, 16).
4.4 Post-operative complications
and others

In addition to the anesthesia risks associated with pulmonary

hypertension, the primary complications following closure of a

portosystemic shunt include mesenteric or portal vein thrombosis

(15), thrombus displacement, and secondary portal hypertension

(17). Unlike portosystemic shunts caused by portal venous

obstruction or liver cirrhosis, CPSS typically does not exhibit

portal hypertension (5). Therefore, portal hypertension after

CPSS closure may be attributed to vascular obstruction within

the portal vein system, such as portal vein dysplasia, or

potentially to liver fibrosis. Preoperative liver biopsy and

experimental occlusion are essential to evaluate these factors

before closing the shunt (15). Postoperative anticoagulation

therapy with heparin is recommended to prevent portal vein

thrombosis. In this study, all children undergoing surgical

ligation received heparin, and no cases of portal vein thrombosis

were observed.

The decision regarding preventive treatment for CPSS remains

controversial (11). When the benefits of shunt closure outweigh the
Frontiers in Pediatrics 08
risks, preventive treatment is justified to protect patients from life-

threatening complications, such as pulmonary hypertension.

However, predicting the onset of complications is challenging.

Therefore, it is recommended to close the shunt in children

without spontaneous closure after the age of one to mitigate the

risk of complications. Additionally, the intrahepatic portal vein is

generally more plastic in younger patients compared to older

patients, supporting the rationale for early shunt closure. In

2023, McLin VA et al. (21) proposed their recommendations

regarding the timing of CIPSS closure: ① Follow all

asymptomatic intrahepatic CPSS detected at birth longitudinally

until spontaneous closure and 1 year beyond documented

closure. ② Close asymptomatic intrahepatic CPSS if they do not

close spontaneously within the first 2 years of life. ③ Close all

symptomatic CPSS beyond the neonatal period.
4.5 Limitations

This study has several limitations. First, it is a descriptive study

based on the experience of a single center. Second, the conclusion

regarding the optimal timing for closure at one year of age is based

on observational data and may require further confirmation. Third,

the study lacks a formal statistical analysis of the outcomes. Future

studies with larger sample sizes are needed to evaluate the

effectiveness of conservative therapy and compare the outcomes

between patients with spontaneous closure and those with open

shunts undergoing conservative treatment.
5 Conclusions

CIPSS is a curable congenital anomaly. Prenatal ultrasound is

an effective diagnostic tool. We recommend the following

treatment strategies: conservative treatment until the age of one,

followed by surgical ligation or interventional treatment for

patients with persistent shunts after one year (Figure 2).
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the ethical

committee of the Capital Institute of Pediatrics. The studies were

conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation in this study was provided by the participants’ legal

guardians/next of kin. Written informed consent was obtained

from the individual(s), and minor(s)’ legal guardian/next of kin,

for the publication of any potentially identifiable images or data

included in this article.
frontiersin.org

https://doi.org/10.3389/fped.2024.1428270
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Zhang 10.3389/fped.2024.1428270
Author contributions

JZ: Writing – review & editing, Writing – original draft,

Supervision, Resources, Project administration, Methodology,

Investigation, Funding acquisition, Formal Analysis, Data

curation, Conceptualization.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

has received funding from National Natural Science Foundation

of China (Code: 82170679), and Capital Health Development

Research Special Project (Code: 2024-2-2101), which provide the

support in the design of the study; collection, analysis, and

interpretation of data; and in writing the manuscript.
Frontiers in Pediatrics 09
Conflict of interest

The author declares that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. 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(4):273–87. doi: 10.1055/s-0032-1329896

2. Baiges A, Turon F, Simón-Talero M, Tasayco S, Bueno J, Zekrini K, et al.
Congenital extrahepatic portosystemic shunts (abernethy malformation): an
international observational study. Hepatology. (2020) 71(2):658–69. doi: 10.1002/
hep.30817

3. Lambert V, Ladarre D, Fortas F, Durand P, Hervé P, Gonzales E, et al.
Cardiovascular disorders in patients with congenital portosystemic shunts: 23 years
of experience in a tertiary referral centre. Arch Cardiovasc Dis. (2021) 114
(3):221–31. doi: 10.1016/j.acvd.2020.10.003

4. Pérez-García C, Martín YR, Del Hoyo AA, Rodríguez CM, Domínguez MC.
Adams-oliver syndrome with unusual central nervous system findings and an
extrahepatic portosystemic shunt. Pediatr Rep. (2017) 9(2):7211. doi: 10.4081/pr.
2017.7211

5. Sokollik C, Bandsma RH, Gana JC, van den Heuvel M, Ling SC. Congenital
portosystemic shunt: characterization of a multisystem disease. J Pediatr
Gastroenterol Nutr. (2013) 56(6):675–81. doi: 10.1097/MPG.0b013e31828b3750

6. Zhang JS, Li L. Laparoscopic ligation of portosystemic shunt for the treatment of
congenital intrahepatic portosystemic shunt in one newborn infant. Pediatr Surg Int.
(2020) 36(12):1501–6. doi: 10.1007/s00383-020-04753-6

7. Li X, Sun R, Liu R. Natural products in licorice for the therapy of liver diseases:
progress and future opportunities. Pharmacol Res. (2019) 144:210–26. doi: 10.1016/j.
phrs.2019.04.025

8. Yao L, Zhang J, Jin J, Li H, Li L, Han X, et al. An analysis of the efficacy and safety
of compound glycyrrhizin injections in the treatment of drug-induced liver injury
using a nationwide database. Int J Clin Pharm. (2022) 44(3):731–40. doi: 10.1007/
s11096-022-01402-x

9. Guo M, Wang Z, Dai J, Fan H, Yuan N, Gao L, et al. Glycyrrhizic acid alleviates
liver fibrosis in vitro and in vivo via activating CUGBP1-mediated IFN-γ/STAT1/
Smad7 pathway. Phytomedicine. (2023) 112:154587. doi: 10.1016/j.phymed.2022.
154587

10. Feng Q, Huang Z, Su L, Fan Y, Guan Y, Zhang G. Therapeutic efficacy and safety
of yinzhihuang granules with phototherapy in neonatal pathologic jaundice: an
updated systematic review and meta-analysis. Phytomedicine. (2022) 100:154051.
doi: 10.1016/j.phymed.2022.154051

11. Bahadori A, Kuhlmann B, Debray D, Franchi-Abella S, Wacker J, Beghetti M,
et al. Presentation of congenital portosystemic shunts in children. Children (Basel).
(2022) 9(2):243. doi: 10.3390/children9020243
12. Chiaie DL, Neuberger P, Kalle TV. Congenital intrahepatic portosystemic shunt:
prenatal diagnosis and possible influence on fetal growth. Ultrasound Obstet Gynecol.
(2008) 32(2):233–5. doi: 10.1002/uog.6116

13. Steg Saban O, Weissbach T, Achiron R, Pekar Zlotin M, Haberman Y, Anis
Heusler A, et al. Intrahepatic portosystemic shunts, from prenatal diagnosis to
postnatal outcome: a retrospective study. Arch Dis Child. (2023) 108(11):910–5.
doi: 10.1136/archdischild-2023-325424

14. Zhu L, Wu H, Cong X, Li S, Li Q, Dong X, et al. Prenatal ultrasonographic
features and follow-up outcomes of 19 cases of congenital intrahepatic
portosystemic venous shunts diagnosed during the foetal period. Insights Imaging.
(2022) 13(1):169. doi: 10.1186/s13244-022-01310-8

15. Guérin F, Franchi Abella S, McLin V, Ackermann O, Girard M, Cervoni JP, et al.
Congenital portosystemic shunts: vascular liver diseases: position papers from the
francophone network for vascular liver diseases, the French association for the study of
the liver (AFEF), and ERN-rare liver. Clin Res Hepatol Gastroenterol. (2020) 44
(4):452–9. doi: 10.1016/j.clinre.2020.03.004

16. Franchi-Abella S, Branchereau S, Lambert V, Fabre M, Steimberg C, Losay J,
et al. Complications of congenital portosystemic shunts in children: therapeutic
options and outcomes. J Pediatr Gastroenterol Nutr. (2010) 51(3):222–330. doi: 10.
1097/MPG.0b013e3181d9cb92

17. McLin VA, Franchi Abella S, Debray D, Guérin F, Beghetti M, Savale L, et al.
Congenital portosystemic shunts: current diagnosis and management. J Pediatr
Gastroenterol Nutr. (2019) 68(5):615–22. doi: 10.1097/MPG.0000000000002263

18. Franchi-Abella S, Gonzales E, Ackermann O, Branchereau S, Pariente D, Guérin
F, et al. Congenital portosystemic shunts: diagnosis and treatment. Abdom Radiol (NY.
(2018) 43(8):2023–36. doi: 10.1007/s00261-018-1619-8

19. Francois B, Lachaux A, Gottrand F, De Smet S. Prenatally diagnosed congenital
portosystemic shunts. J Matern Fetal Neonatal Med. (2018) 31(10):1364–8. doi: 10.
1080/14767058.2017.1315093

20. Paganelli M, Lipsich JE, Sciveres M, Alvarez F. Predisposing factors for
spontaneous closure of congenital portosystemic shunts. J Pediatr. (2015) 167
(4):931–935.e12. doi: 10.1016/j.jpeds.2015.06.073

21. McLin VA, Franchi-Abella S, Brütsch T, Bahadori A, Casotti V, de Ville de
Goyet J, et al. Expert management of congenital portosystemic shunts and their
complications. JHEP Rep. (2023) 6(1):100933. doi: 10.1016/j.jhepr.2023.100933

22. Robinson EB, Jordan G, Katz D, Sundaram SS, Boster J, Brigham D, et al.
Congenital portosystemic shunts: variable clinical presentations requiring a tailored
endovascular or surgical approach. JPGN Rep. (2023) 4(1):e279. doi: 10.1097/PG9.
0000000000000279
frontiersin.org

https://doi.org/10.1055/s-0032-1329896
https://doi.org/10.1002/hep.30817
https://doi.org/10.1002/hep.30817
https://doi.org/10.1016/j.acvd.2020.10.003
https://doi.org/10.4081/pr.2017.7211
https://doi.org/10.4081/pr.2017.7211
https://doi.org/10.1097/MPG.0b013e31828b3750
https://doi.org/10.1007/s00383-020-04753-6
https://doi.org/10.1016/j.phrs.2019.04.025
https://doi.org/10.1016/j.phrs.2019.04.025
https://doi.org/10.1007/s11096-022-01402-x
https://doi.org/10.1007/s11096-022-01402-x
https://doi.org/10.1016/j.phymed.2022.154587
https://doi.org/10.1016/j.phymed.2022.154587
https://doi.org/10.1016/j.phymed.2022.154051
https://doi.org/10.3390/children9020243
https://doi.org/10.1002/uog.6116
https://doi.org/10.1136/archdischild-2023-325424
https://doi.org/10.1186/s13244-022-01310-8
https://doi.org/10.1016/j.clinre.2020.03.004
https://doi.org/10.1097/MPG.0b013e3181d9cb92
https://doi.org/10.1097/MPG.0b013e3181d9cb92
https://doi.org/10.1097/MPG.0000000000002263
https://doi.org/10.1007/s00261-018-1619-8
https://doi.org/10.1080/14767058.2017.1315093
https://doi.org/10.1080/14767058.2017.1315093
https://doi.org/10.1016/j.jpeds.2015.06.073
https://doi.org/10.1016/j.jhepr.2023.100933
https://doi.org/10.1097/PG9.0000000000000279
https://doi.org/10.1097/PG9.0000000000000279
https://doi.org/10.3389/fped.2024.1428270
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Congenital intrahepatic portosystemic shunt in 27 children: an experience and treatment strategy of a single centre in China
	Introduction
	Materials and methods
	Surgical method
	Conservative method
	Ethical statement

	Results
	Discussion
	Prenatal diagnosis
	Clinical presentations
	Treatment
	Spontaneous closure
	Surgical closure
	Methods of surgical closure
	Experimental occlusion before closure


	Post-operative complications and others
	Limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


