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Ultrasound-guided percutaneous ventriculoatrial
shunt placement in pediatric hydrocephalus:
Surgical outcomes and thrombotic complications
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ABSTRACT

OBJECTIVE: Ventriculoatrial shunts (VAS) are increasingly used as a salvage option in pediatric hydrocephalus when ven-
triculoperitoneal shunts (VPS) fail. Although ultrasound-guided percutaneous techniques facilitate catheter placement and
reduce surgical trauma, the incidence and management of thrombotic complications remain insufficiently defined.

METHODS: We retrospectively analyzed eight pediatric patients who underwent ultrasound-guided percutaneous VAS place-
ment between January 2019 and December 2024. Demographic characteristics, etiology of hydrocephalus, operative details,
and post-operative complications were evaluated, with a particular focus on thrombotic events.

RESULTS: Patients underwent a mean of 3.8+1.3 VPS revisions before VAS placement. Myelomeningocele was the most com-
mon etiology (50%). The mean operative time was 75.6+£13.9 min, and the mean intraoperative blood loss was 86.25+43.07 mL.
Post-operative complications occurred in 3 patients (37.5%), including thrombotic events in 2 patients (25%) and infection in 1
patient (12.5%). One patient required early shunt removal due to thrombus formation with vegetation, whereas another devel-
oped late asymptomatic thrombosis requiring intervention. The internal jugular vein was the most commonly used access site.
CONCLUSION: Ultrasound-guided percutaneous VAS placement is a feasible and minimally invasive alternative in selected
pediatric patients. However, thrombotic complications may be more frequent than previously reported and can occur both
early and late in the post-operative period. These findings highlight the need for standardized surveillance protocols and
further investigation into prophylactic strategies, including antiplatelet therapy.
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Cite this article as: Kendirlioglu BC, Yavuz M, Alioglu H, Arslan G, Aydogmus E. Ultrasound-guided percutaneous ventriculoatrial shunt
placement in pediatric hydrocephalus: Surgical outcomes and thrombotic complications. North Clin Istanb 2026;13(4):367-374.

entriculoatrial shunts (VAS) were first intro-

duced by Nulsen and Spitz in 1951 as an alter-
native cerebrospinal fluid (CSF) diversion technique
for the treatment of hydrocephalus [1]. Over time, ven-
triculoperitoneal shunts (VPS) became the preferred
treatment modality, largely because they are technical-
ly simpler, more effective, and easier to revise distally.

Consequently, the use of VAS has declined and has
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been less frequently reported in the literature, particu-
larly in pediatric populations (2, 3].

Traditional open placement of the atrial catheter re-
quires surgical exploration of the cervical venous system.
This approach has been criticized for being time-con-
suming and for causing scar tissue formation, which may
complicate subsequent revisions [4, 5]. Pediatric patients
may encounter additional challenges, as repeated in-
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terventions are often required to adjust catheter length
during growth and to manage shunt-related complica-
tions during long-term follow-up. These limitations have
led to the search for less invasive alternatives to conven-
tional open techniques [6, 7].

Percutaneous placement of the atrial catheter, pat-
ticularly when performed under ultrasound guidance,
offers several advantages compared with the traditional
open technique, including a relatively shorter operative
time, avoidance of cervical dissection, and preservation of
venous integrity (5, 8, 9]. Previous studies have demon-
strated the technical feasibility of this approach; howev-
et, data focusing on procedure-related complications and
their post-operative management remain limited [9, 10].
In particular, standardized strategies for the detection,
prevention, and management of thrombotic and infec-
tious complications following percutaneous VAS place-
ment are not well defined.

Furthermore, there is currently no consensus regard-
ing optimal strategies for the detection, prevention, and
management of thrombotic complications following
VAS placement [2]. Although recent studies have sug-
gested a potential role for antiplatelet therapy, such as
aspirin, evidence remains limited and largely based on
small case series [11].

In this study, we aimed to evaluate the surgical out-
comes and complication profile of ultrasound-guided
percutaneous VAS placement in pediatric patients with
hydrocephalus, with a particular focus on thrombotic
complications and post-operative management strategies.

MATERIALS AND METHODS

This retrospective study included all pediatric patients
(aged <18 years at the time of first VAS placement)
who underwent ultrasound-guided percutaneous VAS
placement at our institution between January 2019 and
December 2024. Patients with <12 months of follow-up
were excluded. All procedures were performed by the
same multidisciplinary team, consisting of neurosur-
geons and anesthesiologists, using an ultrasound-guid-
ed percutaneous technique. Venous access was primarily
obtained through the internal jugular vein under ultra-
sound guidance by the anesthesiologist.

Medical and radiological records were retrospective-
ly reviewed to obtain demographic data, etiology of hy-
drocephalus, surgical history, and indications for VAS
implantation. Operative time and estimated intraopera-

Highlight key points
¢ Ultrasound-guided percutaneous VAS placement is a feasible
alternative in pediatric hydrocephalus when VPS fails

e This technique allows safe catheter placement with reduced
surgical invasiveness

e Thrombotic complications may occur both early and late af-
ter VAS placement

¢ A relatively high rate of thrombotic events was observed in
this series

o Antiplatelet therapy may have a potential role in preventing
thrombotic complications.

tive blood loss were recorded as intraoperative variables.
Post-operative complications were categorized as early

(within 30 days) or late (after 30 days).

The study was approved by the institutional review board
of our institution (Decision No: 2024/010.99/10/23,
date: November 29, 2024). Informed consent was waived
due to the retrospective design of the study and the ab-
sence of any identifiable patient information.

Surgical Technique

Venous access was obtained through the right internal jug-
ular vein whenever feasible. In cases where the internal jug-
ular vein was not suitable, the right subclavian vein was used
as an alternative. In one patient, due to unsuitable cervical
venous access, a transhepatic approach was performed. The
hepatic vein was accessed under ultrasound guidance, and
the catheter was advanced through the inferior vena cava
into the right atrium under fluoroscopic guidance.

For cannulation, the patient’s head was turned 30°
to the left and placed in a slight Trendelenburg posi-
tion. The internal jugular vein was identified under ul-
trasound guidance using a linear probe, with the carotid
artery as a landmark. Using the Seldinger technique, a
19 Gx70 mm puncture needle was advanced under ul-
trasound guidance, and venous access was confirmed by
blood aspiration. A guidewire (0.27 mmx60 cm) was
then advanced into the inferior vena cava, with fluoro-
scopic confirmation of its position.

Following venous access, the distance between the
vein entry site and the atriocaval junction was measured
using the guidewire. A No. 8Fx14 cm dilator and split
sheath introducer were then passed over the wire. The
guidewire was subsequently removed. The atrial end of
the VAS was inserted into the vein through the sheathed
dilator and positioned within the atrium; the sheath was
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FIGURE 1. Fluoroscopic image demonstrating the position of
the distal catheter within the right atrium. The catheter tip
is located at the T6-T8 vertebral level, corresponding to
the mid-atrium. White arrows indicate the catheter course,
and the black arrow marks the catheter tip.

split and removed. The distal catheter was passed into the
lower right atrium and flushed with heparinized saline.

Continuous electrocardiographic monitoring was
performed by the anesthetist during catheter advance-
ment to detect potential cardiac arrhythmias. Fluoros-
copy was used to verify the position of the atrial cath-
eter. The optimal position of the catheter tip was in the
mid-atrium, usually located at the T6—T8 vertebral level
(Fig. 1). The catheter was then tunneled subcutaneously
and connected to the ventricular catheter and shunt valve
using standard techniques.

Statistical Analysis

Statistical analyses were performed using IBM Statisti-
cal Package for the Social Sciences version 29.0.2.0 (IBM
Corp., Armonk, NY, USA). Due to the retrospective design
and limited sample size of this study, only descriptive sta-

FIGURE 2. Echocardiographic image demonstrating throm-
bus formation at the distal end of the ventriculoatrial shunt
catheter within the right atrium.

tistics were applied. Continuous variables were reported as
meantstandard deviation, together with the corresponding
minimum and maximum values, whereas categorical vari-
ables were presented as frequencies and percentages.

RESULTS

A total of eight pediatric patients were included in the
study, with a mean age of 85.6+78.7 months (range: 3
months—18 years). Six patients (75%) were male, and
two (25%) were female. Myelomeningocele was the most
common etiology of hydrocephalus (50%), followed by
congenital hydrocephalus. Other etiologies included
intracranial hemorrhage, Chiari malformation type II,
and congenital toxoplasmosis. Patients had undergone a
mean of 3.8+1.3 VPS revisions before VAS placement
(range: 2—6). Pre-operative patient characteristics are
summarized in Table 1.

Venous access was obtained through the internal jug-
ular vein in 5 patients (62.5%), the subclavian vein in 2
patients (25%), and via a transhepatic approach in 1 pa-
tient (12.5%). The mean estimated intraoperative blood
loss was 86.25+£43.07 mL, and the mean operative time
was 75.6+£13.9 min.

Post-operative complications occurred in 3 patients
(37.5%). Notably, thrombotic complications were ob-
served in 2 patients (25%), representing the most clini-
cally significant adverse events in this series. One patient
developed an eatly thrombotic complication (post-opet-
ative day 15), characterized by thrombus formation with
vegetation, necessitating VAS removal and conversion to
a VPS. Another patient developed a late asymptomatic
thrombotic complication at 6 months (Fig. 2). Despite
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TABLE 1. Pre-operative characteristics of the patients undergoing

ventriculoatrial shunt placement

. . Age at first ~ Age at first . . -
Patient Sex Etiology of hydrocephalus . . . . VPS revisions (n) Abdominal complications
VPS insertion VAS insertion

1 M  Myelomeningocele 1 mo 6 yr 4 (3 VPS, 1 WS) Abdominal cyst/ileus

2 F  Congenital 17d 16 yr 5 Abdominal cyst/peritoneal adhesion
3 M  Congenital toxoplasmosis 1 mo 8 yr 6 Abdominal cyst

4 F  Myelomeningocele 6d 4 mo 4 Peritoneal adhesion

5 M Chiari malformation type II 3d 14 yr 2 Abdominal cyst

6 M  Congenital 1 mo 18 yr 2 Peritoneal adhesion

7 M  Myelomeningocele 1 mo 3 mo 4 Abdominal cyst

8 M  Posthemorrhagic 1 mo 14 mo 4 Peritoneal adhesion

M: Male; F: Female; d: Days; mo: Months; yr: Years; VPS: Ventriculoperitoneal shunt; VAS: Ventriculoatrial shunt; VVS: Ventriculovesical shunt.

TABLE 2. Perioperative and post-operative outcomes of the patients

Estimated . . . . L
. Operative Perioperative Early complications Late complications
Patient blood loss . . N Follow-up
(mL) time (min) complications (<30 days) (>30 days)
Jugular vein injury/ Exitus (unrelated to
1 v 50 100 None 14 mo
subcutaneous hematoma shunt)
Distal catheter
2 v 150 70 None None . 42 mo
thrombosis
3 v 100 80 None None None 14 mo
4 HV 50 70 None None None 13 mo
5 v 80 60 None None Shunt infection 35 mo
6 SCv 150 75 None None None 13 mo
7 v 60 90 None None None 48 mo
Distal catheter thrombosis .
8 SCV 50 60 None Not applicable 15d

and vegetation

1V: Internal jugular vein; HV: Hepatic vein; SCV: Subclavian vein; VPS: Ventriculoperitoneal shunt; d: Days; mo: Months.

anticoagulation therapy, thrombus progression was ob-
served, necessitating VAS removal and conversion to a
VPS. Due to recurrent abdominal complications, VAS
was later reinserted, and follow-up remained uneventful
for 32 months under antiplatelet therapy.

One additional patient (12.5%) developed a shunt-re-
lated infection during follow-up. Detailed perioperative
and post-operative outcomes are presented in Table 2.

The mean follow-up duration was 25.5+15.5 months
(range: 13—48 months) among seven patients, as one pa-

tient required early VAS removal and was excluded from
follow-up analysis. The patient who underwent eatly
shunt removal continues to be followed with a VPS.

DISCUSSION

VAS are associated with a wide range of complications,
including infections, thromboembolic events, pulmonary
hypertension, and endocarditis [12—14], as well as less
common conditions such as immune complex-mediat-

ed glomerulonephritis [15]. Despite these risks, VAS
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remains an important alternative in patients with VPS
failure, particularly in the presence of abdominal compli-
cations such as adhesions, pseudocyst formation, or se-
vere peritonitis [16, 17]. The direct interaction between
CSE blood components, and the shunt material may
contribute to coagulation activation, thereby increasing
the risk of thrombotic complications [18].

In recent years, the development of percutaneous
techniques for atrial catheter placement has improved
the safety and feasibility of VAS procedures (9, 19, 20].
Ultrasound-guided approaches enable accurate visu-
alization of vascular anatomy and vessel diameter, re-
ducing the risk of complications such as carotid artery
puncture and pneumothorax [8]. Compared with con-
ventional open techniques, the percutaneous approach
avoids cervical dissection, preserves venous integrity, and
is associated with shorter operative times and reduced
procedural morbidity [6]. These advantages are partic-
ulatly relevant in pediatric patients, who often require
repeated interventions and long-term shunt dependency.

In addition, hybrid and endovascular-assisted tech-
niques have been described in complex cases with dif-
ficult venous access, further expanding the applicabili-
ty of VAS [4, 21]. Previous studies have reported high
technical success rates and favorable outcomes with per-
cutaneous approaches in patients with recurrent VPS
dysfunction [22]. However, despite these technical ad-
vancements, complication profiles — particulatly throm-
botic events — remain insufliciently characterized and
inconsistently reported in the literature.

Accurate positioning of the distal catheter is critical to
minimize shunt dysfunction and cardiopulmonary com-
plications. In our series, the use of ultrasound and fluo-
roscopic guidance allowed precise catheter placement in
all patients, with no procedure-related malposition ob-
served. These findings are in line with previous studies
suggesting that imaging-guided techniques can improve
the accuracy and safety of catheter placement [23, 24].

Venous cannulation was performed by an anesthesiol-
ogist in all cases, emphasizing the importance of a multi-
disciplinary approach in technically demanding procedures.
The involvement of an experienced anesthesiology team
may contribute to procedural safety, particularly in pediat-
ric patients with limited vascular access. In addition, routine
post-operative cardiological evaluation enabled early detec-
tion of potential complications and ensured appropriate
catheter positioning during follow-up. Furthermore, the
position of the distal catheter within the right atrium was

confirmed by echocardiography (Supplementary Video 1).

In one patient, venous access was achieved via a tran-
shepatic approach. Although not routinely used in VAS
procedures, this technique has been described as a safe
and effective alternative route for central venous access
in pediatric patients, particularly when conventional ve-
nous pathways are exhausted or not feasible [25]. In our
case, the procedure was successfully performed without
perioperative complications, supporting its feasibility as
a salvage option in selected patients.

Given the limited number of patients in our series, a
structured review of previously published case series was
performed to contextualize our findings (Table 3) (3, 8,
9,11,19,26-32]. Although several studies have reported
on percutaneous VAS placement in pediatric or mixed
populations, complication profiles vary considerably
across the literature. Iatrogenic carotid artery puncture
is among the most frequently reported complications in
these series, whereas thrombotic complications are less
consistently documented.

Notably, the longest reported follow-up period
reached up to 170 months, as described by Udayaku-
maran and Kumar [11]. However, heterogeneity in fol-
low-up duration and surveillance protocols may con-
tribute to underrecognition of delayed or asymptomatic
complications, particularly thrombotic events.

Thromboembolic and cardiopulmonary complica-
tions represent some of the most clinically significant
concerns associated with VAS. In our series, thrombotic
complications were observed in 25% of patients, includ-
ing both early and late events, highlighting their potential
clinical impact.

Previous studies have reported major complications
such as pulmonary embolism, pulmonary hypertension,
and cor pulmonale, all of which are associated with sig-
nificant morbidity and mortality. However, their reported
prevalence remains below 1% [33-36]. Notably, none of
the studies included in Table 3 reported major cardiopul-
monary complications such as endocarditis, pulmonary
hypertension, or myocardial infarction. This discrepancy
may reflect underreporting, as well as the fact that many
thromboembolic events remain clinically silent. Further-
more, variability in the definition of complications and
inconsistencies in follow-up protocols across studies may
contribute to the heterogeneous reporting of adverse
events. For this reason, revision rates and causes of shunt
dysfunction were not included in our comparative analysis.

Thrombus formation represents a potential compli-
cation at any stage following VAS implantation, ranging
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TABLE 3. Summary of published case series on percutaneous ventriculoatrial shunt placement

Number of L Age Operative  Follow-up

Authors Year . Complications . .
patients (years) time period
Epstein et al. [26] 1981 8 None >8 yr n/a n/a
Ashker and Fox [19] 1981 3 None 15-28 yr n/a n/a
Carol et al. [9] 1986 39 2 carotid punctures 9-74yr  35-40 min 4yr
Decq et al. [27] 1995 22 2 carotid punctures 1.5-79 yr 31 min 12 mo
Harrison et al. [28] 1996 None 5-72 yr n/a 2-24 mo
Britz et al. [29] 1998 None 6-17 yr n/a 2-12 mo
Li et al. [30] 2005 17 1 carotid puncture n/a 60 min n/a
o 9 carotid punctures; .
Slowinski et al. [31] 2006 179 14-80 yr 40 min 64 mo
2 pneumothoraces
Ellegaard et al. [8] 2007 26 1 infection 5-82 yr 59 min n/a
Pediatric
Udayakumaran and Kumar [11] 2021 13 None . n/a 28-170 mo
population
1 shunt dysfunction (ventricular
Oktay et al. [3] 2024 9 2-15yr n/a 14-46 mo
catheter-related)
Lower complication rates (USG vs.

Rollo et al. [32] 2026 13 0SC), catheter replacement 35.7%  0.5-14.2  13.36 min n/a

(USG) versus 55.5% (OSC)

n/a: Not available; min: Minutes; mo: Months; yr: Years; USG: Ultrasonography.

from the early post-operative period to several years after
the procedure. Importantly, patients may remain asymp-
tomatic for prolonged periods, which can delay diagno-
sis and increase the risk of progression. Therefore, early
detection and close surveillance are essential. However,
there is currently no consensus regarding optimal strat-
egies for the diagnosis, prevention, or management of
thrombotic complications [2, 37]. Recent studies have
suggested a potential role for antiplatelet therapy. Udaya-
kumaran and Kumar [11] reported encouraging prelimi-
nary results with once-daily low-dose acetylsalicylic acid
(5 mg/kg) in pediatric patients with VAS. In contrast,
other studies have recommended fixed doses of 75-100
myg for prophylaxis [38].

In our series, one patient developed a late asymptom-
atic thrombotic complication that progressed despite
adequate anticoagulation, necessitating shunt removal.
Notably, reimplantation of a VAS under antiplatelet
therapy was associated with an uneventful follow-up of
32 months. This observation may point toward a poten-
tial role for antiplatelet prophylaxis in selected patients,
although the available evidence remains limited.

The reported incidence of infection in VAS ranges
from 4.2% to 6.2% [10, 39]. A recent analysis including
52 studies and 2862 patients demonstrated an overall in-
fection rate of approximately 5%, with rates reaching up
to 10% in pediatric populations [10]. In our series, the
infection rate was 12.5%, which appears slightly higher
than previously reported, although this finding may be
influenced by the limited sample size.

Several risk factors have been associated with throm-
bus formation and other complications, including older
age, comorbid conditions, extensive catheter manipula-
tion, prior surgical site infection, and prolonged opera-
tive time [2]. These factors may partially explain the oc-
currence of complications in patients with a history of
multiple shunt revisions, as observed in our cohort.

The present study has several limitations. First, the rel-
atively small sample size and retrospective design may limit
the generalizability of our findings. Second, this was a sin-
gle-center study, which may introduce selection bias and
limit the external validity of the results. In addition, the
lack of standardized post-operative surveillance protocols,
particularly for the detection of asymptomatic thrombotic
events, may have influenced the reported complication rates.
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Furthermore, variability in the reporting and defini-
tion of complications across previous studies limits di-
rect comparison with the existing literature. Larger, pro-
spective, multicenter studies are needed to characterize
complication profiles better and to establish standard-
ized strategies for the prevention and management of
thrombotic complications.

Conclusion

VAS remains an important alternative for the manage-
ment of hydrocephalus in selected cases where VPS is
not feasible. Despite the limited experience reported in
the literature, percutaneous placement of the atrial cath-
eter can be performed safely and effectively with appro-
priate planning and a multidisciplinary approach. How-
ever, thrombotic complications may be underrecognized
and can occur both in the early and late post-operative
period. Vigilant post-operative monitoring is essential to
enable early detection and management of these events,
and further studies are needed to establish standardized
surveillance and prophylactic strategies.

Supplementary Video 1: https://youtu.be/I-sfébmticP0O
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