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ABSTRACT

AIM: To evaluate the efficacy of percutaneous ventriculoatrial shunting as a salvage method for pediatric patients with abdominal 
complications.  
MATERIAL and METHODS: Data obtained from 9 patients with ventriculoperitoneal shunt dysfunctions owing to abdominal 
complications, who underwent ventriculoatrial shunting as salvage treatment at a single institution between January 2019 and 
September 2021 were retrospectively analyzed. All operations were conducted under the guidance of intraoperative fluoroscopy 
and ultrasound.
RESULTS: The mean age of the enrolled patients was 8.1 ± 1.2 years (2-15 years). Six (67%) patients were male and 3 (33%) were 
female. The mean number of the patients’ ventriculoperitoneal shunt revisions until atrial catheter placement was 7.5 times. The 
reasons for intraperitoneal catheter failure included peritoneal adhesions in 4 (44.5%) patients, pseudocyst formation in 3 (33.3%), 
and peritonitis in 2 (22.2%). Seven patients from the study cohort had no problem after ventriculoatrial shunt placement. Only 1 
patient had shunt dysfunction related to the ventricular catheter, and ventricular catheter and shunt valve revision was performed 26 
months after ventriculoatrial shunt placement. The atrial catheter of the patient was intact. One patient died from the progression of 
her primary disease (medulloblastoma in the 4th ventricle), which was unrelated to the ventriculoatrial shunt.
CONCLUSION: Percutaneous ventriculoatrial shunting under the guidance of intraoperative fluoroscopy and ultrasound is a safe, 
effective, and easy alternative in patients with peritoneal complications and a history of multiple operations.
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procedures. In recent years, ETV has been preferred especially 
in the treatment of obstructive hydrocephalus cases. However, 
shunt operations are applied in cases where ETV fails or in 
non-obstructive cases.

Ventriculoperitoneal shunt (VPS) application is the preferred 
and widely applied method in patients who require a shunt, 
both due to the ease of insertion and the lower frequency of 

█   INTRODUCTION

Hydrocephalus is the most common, but challenging 
disease encountered in neurosurgery, especially in 
the pediatric population (3,12,22). The prevalence 

of infant hydrocephalus is estimated to be 0.5–0.8 per 1000 
live births (3,12,22). The treatment options for hydrocephalus 
include endoscopic third ventriculostomy (ETV) and shunt 
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severe complications (26). However, abdominal complica-
tions of VPS operations should not be underestimated. The 
abdominal complication rates have been reported to be 25% 
in the literature (8,20,31). In the present case, the ventricu-
loatrial shunt (VAS) procedure was applied as the prominent 
salvage method. In this study, we evaluated pediatric patients 
with VPS dysfunctions owing to abdominal complications and 
underwent VA shunting under ultrasound and fluoroscopy 
guidance as a second-line treatment.

█   MATERIAL and METHODS
The present study was performed according to the principles 
of the World Medical Association’s Declaration of Helsinki 
“Ethical Principles for Medical Research Involving Human 
Subjects” (amended in October 2013), and Institutional Review 
Board approval was obtained (14/10/2022-00026). This study 
included 9 patients with VPS dysfunctions due to abdominal 
complications, who underwent VA shunting as salvage 
treatment at a single institution between January 2019 and 
September 2021. All operations were performed under the 
guidance of intraoperative ultrasound and fluoroscopy. Patient 
data including their age, gender, etiology of hydrocephalus, 
age at the time of insertion of the first VPS, the number of 
VPS revisions, abdominal complications, outcomes, and 
complications of VAS, and patients’ follow-up examinations 
were collected.

Technique of VAS Insertion

In this procedure, the cranial portion is handled as per the 
standard method. Kocher and Keen points are used as the 
entry sites in the cranium. A 5-mm incision is created along 
the anterior edge of the sternocleidomastoid muscle, ap-
proximately 2-3 cm below the anterior angle of the mandi-
ble. The dermis is dissected to expose the subdermal fat, 
and the distal catheter is tunneled through the subcutaneous 
plane between the cranial and cervical incisions. The modified 
Seldinger method is applied to place the atrial catheter (3). 
Under intraoperative ultrasound guidance, a 22-gauge needle 
is advanced into the internal jugular vein (IJV) at approximate-
ly a 45-degree angle. Once the venous blood is aspirated, a 
J-wire is passed through the needle into the vein. The J-wire is 
advanced under intraoperative fluoroscopic guidance and po-
sitioned such that the tip lies in the distal superior vena cava. 
Electrocardiographic changes may indicate the wire position 
in the atrium. The needle is removed, and an 8-French dilator 
and peel-away sheath are advanced over the wire into the IJV. 
The dilator and J-wire are then removed, and the distal cath-
eter is passed down the peel-away sheath and into the lower 
right atrium. The sheath is then peeled away and the catheter 
is flushed with heparinized saline. The optimal position of the 
catheter tip is the midatrium, which is usually located at the 
T6–T8 vertebral level. After the confirmation of the atrial cath-
eter’s level by fluoroscopy, the ventricular and atrial catheters 
are connected with a shunt valve.

Statistical Analysis

SPSS software version 25.0 (IBM Corporation, Armonk, 
New York, USA) was used to analyze the variables. The 

Mann–Whitney U-test was applied with the Monte Carlo 
results to compare the categorical variables quantitatively. 
The quantitative variables were presented as the mean ± SD 
(standard deviation) and range (maximum-minimum) and the 
categorical variables as n (%). The variables were examined 
at a 95% confidence level, with p<0.05 considered to indicate 
statistical significance.

█   RESULTS
A total of 9 patients were included in the study. The mean age 
of the patients was 8.1 ± 3.7 years (2-15 years). Six (67%) 
patients were male and 3 (33%) were female. The initial causes 
of hydrocephalus were as follows congenital in 2 (22.2%) 
patients, myelomeningocele in 2 (22.2%), post-hemorrhagic 
in 2 (22.2%), posterior fossa tumors in 2 (22.2%), and post 
meningitis in 1 (11.2%). The mean age of the children at the 
time of initial VPS placement was 1.7 years (range: 2 days to 
6 years) (Table I).

The mean number of the patients’ VPS revisions until VAS 
placement was 7.5 times (range: 5–11 times). The reasons 
for intraperitoneal catheter failure were as follows; peritoneal 
adhesions in 4 (44.5%) patients, pseudocyst formation in 3 
(33.3%), and peritonitis in 2 (22.2%) (Table I). The mean follow-
up of the patients after VAS placement was 32 months (14–46 
months). According to the statistical analysis of the variables, 
the number of VPS revisions increases with decreasing age 
at the time of the insertion of the first VPS (p<0.05). Seven 
patients in the study cohort reported no problems after VAS 
placement. Only 1 patient showed shunt dysfunction related 
to the ventricular catheter, and ventricular catheter and shunt 
valve revision was performed 26 months after VAS placement. 
The atrial catheter of the patient was found intact. One patient 
died because of the progression of her primary disease 
(medulloblastoma in the 4th ventricle), which was unrelated to 
her VAS (Table I).

█   DISCUSSION
The earliest scientific description of hydrocephalus has been 
ascribed to Hippocrates (466–377 BC) and Galen of Pergamon 
(130–200 AD) (1,3). Until modern treatment methods were de-
veloped for the treatment of hydrocephalus, several drainage 
devices for ventricular and lumbar puncture, including catgut 
strands, horsehair, silk, gold tubes, and silver cannula, were 
tried (1). In the 1950s, valve-regulated silicone shunts began 
to be used. However, after that, the discussion started regard-
ing where the distal catheter tips end. Peritoneum, right car-
diac atrium, cisternal space (Torkildsen shunt), pleural space, 
gall bladder, and ureter bladder are some of the options for the 
distal catheter tips ending (11,21,29,33). The initial valve-reg-
ulated silicone shunts were designed as VAS. In 1951, Nulsen 
and Spitz reported the first successful VAS using a valve sys-
tem (19). In 1956, John D. Holter—a machine technician from 
Philadelphia—developed Spitz–Holter valves, and these VAS 
systems were widely applied in the neurosurgery departments 
until the early 1970s (4,24,32). Next, the VAS systems were 
replaced by VPS owing to the difficulty in application and the 
severe resulting complications (1,3,26).
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Table I: Data of the Patients

Patient Age 
(years) Gender Aetiology of 

hydrocephalus

Age at 
insertion of 
the first VPS

The number of 
VPS revisions

Abdominal 
complications

Outcome 
(VAS)

Follow-up 
(VAS - 

months)

1 6 M Congenital 2 months 11 Pseudocyst 
formation NR 46

2 2 F Post-hemorrhagic 1 month 5 Peritoneal 
adhesions NR 44

3 15 M Myelomeningocele 3 days 6 Pseudocyst 
formation

Shunt 
revision* 40

4 8 M Congenital 2 months 9 Pseudocyst 
formation NR 36

5 6 M Post-hemorrhagic 1 month 8 Peritoneal 
adhesions NR 34

6 9 M Pilocytic astrocytoma 
(cerebellum) 6 6 Peritoneal 

adhesions NR 31

7 8 F Postmeningitis 
hydrocephalus 5 5 Peritonitis NR 26

8 7 M Myelomeningocele 2 days 8 Peritoneal 
adhesions NR 18

9 12 F Medulloblastoma (4th 
ventricle) 4 10 Peritonitis Exitus** 14

M: Male, F: Female, VPS: Ventriculoperitoneal shunt, VAS: Ventriculoatrial shunt, NR: No revision. * Ventricular catheter and valve revision was 
performed. Atrial catheter was intact. ** The patient died because of the progression of the primary disease.

Figure 1: Preoperative A) coronal, B) sagittal, and C) axial abdominal computed tomography scans revealing pseudocyst formation and 
ventriculoperitoneal shunt abdominal catheter in the cyst walls (black arrow).
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Figure 3: Postoperative A) anteroposterior radiograph, and B) axial computed tomography scan showing the atrial catheter tip locating 
in the midatrium (black arrow). C) Preoperative axial brain computed tomography scan revealing ventriculoperioteneal shunt dysfunction. 
D) Postoperative axial brain computed tomography scan revealing resolution of hydrocephalus after ventriculoatrial shunt placement.

Figure 2: Perioperative images revealing; A) positioning of the patient; B) placement of the needle into the internal jugular vein (IJV) 
under intraoperative ultrasound guidance; C, D) advancement of J-wire through the needle into the IJV under intraoperative fluoroscopic 
guidance; E) removal of the peel-away sheath after placement of the distal shunt catheter through the sheath.
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atrial thrombus formation, arrhythmias, thrombosis of the su-
perior vena cava, pulmonary emboli, pulmonary hypertension, 
and ultimately cor pulmonale (3,23,26,30,32,34). These are 
the most severe complications and have been reported to oc-
cur clinically in 0.4% of all patients with a VAS (3,23). Some 
authors suggest the use of aspirin to prevent thromboembolic 
complications (30). Another rare, but fatal complication of VAS 
is shunt nephritis (3,14,23,32), which is a delayed complica-
tion of VAS resulting from prolonged infection with a low-vir-
ulence organism (3,14). This complication should be treated 
with antibiotics and shunt replacement (3).

There are certain limitations of this study. The retrospective 
nature of the study and the small sample size (9 patients) are 
the main limitations. The lack of 5 year follow-up of all patients 
is also another limitation of the study.

█   CONCLUSION
Although VPS remains the preferred method because of 
the ease of insertion and the lower frequency of severe 
complications, VAS is an appropriate alternative in the 
presence of peritoneal complications, especially in patients 
with a history of multiple operations. Percutaneous VAS under 
the guidance of intraoperative fluoroscopy and ultrasound 
technique provides a safe, effective, and easy procedure for 
these patients.
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