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The ventriculo-cholecystic shunt: does CSF volume matter?
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Abstract
Introduction The management of hydrocephalus in paediatric patients where the peritoneum has failed can be challenging. One
option is to perform a ventriculo-cholecystic shunt. However, little is known about the capacity of the gall bladder to accom-
modate cerebrospinal fluid (CSF).
Methods A retrospective case series was performed to include all paediatric patients who received a ventriculo-cholecystic shunt
at a single centre, Sheffield Children’s Hospital.
Results We identified three patients who had a ventriculo-cholecystic shunt inserted. The shunt survived past 1 year in two
patients, who had pre-operative external ventricular drain (EVD) outputs of 8 and 10ml/h respectively. One patient shunt failed at
day four post-op due to distal dysfunction, his pre-operative EVD was over 30 ml/h.
Conclusions When considering a patient for a ventriculo-cholecystic shunt, caution should be taken if a high CSF output is
known, for example, as per an EVD measurement.
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Introduction

In the management of paediatric hydrocephalus, the preferential
placement of distal cerebrospinal fluid (CSF) shunt tubing is into
the peritoneum, followed by the right atrium. However, when the
peritoneum and right atrium are compromised and endoscopic
third ventriculostomy (ETV) has failed, it is unclear how best to
proceed. The pleural cavity is often utilised in adults; however,
there are concerns regarding pleural effusion and potential respi-
ratory failure in children [1–4]. Younger age has been shown to
be associated with a higher risk of symptomatic effusions follow-
ing the insertion of a ventriculo-pleural shunt [3–5]. There have
been attempts at various anatomical locations for the distal shunt
tubing, such as the ureter [6], superior sagittal sinus [7], and
sternum [8]. There is growing evidence demonstrating that
ventriculo-cholecystic (VC) shunts are a safe and effective alter-
native [9–17]. We present our experience of VC shunts inserted
as a joint case between Neurosurgery and Paediatric Surgery.

Case 1

Premature infant born at 28 + 4 weeks (1019 g) subsequently
developed grade IVintraventricular haemorrhage and necrotising
enterocolitis managed by a laparotomy. The hydrocephalus was
primarily treated with a ventriculo-peritoneal (VP) shunt, which
failed due to extensive intra-abdominal adhesions. A ventriculo-
atrial (VA) shunt was inserted on numerous occasions with no
long-term success. Therefore, the right atrium was not a viable
option. Furthermore, an ETV was carried out which failed. In
total, the patient underwent 14 operations for the treatment of his
hydrocephalus prior to the insertion of a VC shunt (Fig. 1) at
2 years of age. Before this procedure, his EVD output was ap-
proximately 8 ml/h. AVC shunt was inserted, and at 22-month
follow-up, there have been no further shunt revisions or gall
bladder–related complications.

Case 2

A 2-year-old male presented with hydrocephalus secondary to a
posterior fossa ependymoma. Following treatment for his tu-
mour, he required a VP shunt for longer-term management of
his hydrocephalus. He underwent multiple distal shunt revisions
and it was concluded after repeated failure that the peritoneum
was non-absorptive. An ETV was performed; however, this
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failed. The right atrium was unsuitable due to an infected
portacath tubing in situ, with S. aureus–positive blood cultures.
Long-term central access was required to receive regular chemo-
therapy and thought to be not ideal to have two separate tubes in
the right atrium. Furthermore, there were concerns that having a
colonised central line in situ and treatment with chemotherapy
would put the patient at high risk of VA shunt infection, so a VC
shunt was inserted. Pre-operatively, his external ventricular drain
(EVD) output was approximately 10 ml/h. At 12-month follow-
up, there have been no further distal shunt revisions and no gall
bladder–related complications.

Case 3

An 8-year-old male with congenital hydrocephalus who had a
VP shunt in situ since infancy presented with a distended abdo-
men andwith clinical signs of shunt dysfunction. His peritoneum
was found to be overfilled with CSF due to non-absorption.
Neuroendoscopy was performed and his third ventriculostomy
from previous surgery was found to be patent. AVA shunt was

inserted; however, this was complicated by a yeast infection. Due
to concerns of fungal infective endocarditis, it was decided that a
VC shunt would be inserted semi-electively after a period of
antifungal treatment. His pre-operative hourly EVD output was
excessively high, 30–35 ml/h. At day 4 post-VC shunt insertion,
he deteriorated with signs of shunt dysfunction. Intra operatively,
his gall bladder was noted to be tense and distended so the VC
shunt was removed. After two further surgeries, he was eventu-
ally discharged with a functioning VA shunt.

Discussion

We have described three cases where the insertion of a VC shunt
has been placed. In two cases, this has been successful in the
management of complex paediatric hydrocephalus where tradi-
tional forms of CSF diversion and ETV have failed. A further
case is described where a VC shunt was placed but failed due to
the high volume of CSF overwhelming the drainage capacity of
the gall bladder.

Fig. 1 Abdominal ultrasound
showing the distal catheter within
the gall bladder (a, b) and X-rays
showing proximal (d) and distal
(c) parts of the ventriculo-
cholecystic shunt
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Operative technique for distal insertion

The VC shunt is a planned joint case between the neurosurgery
and paediatric surgery teams. A right subcostal incision is made
to approach the fundus of the gall bladder. The distal end of the
shunt catheter is also identified. A purse string suture is applied to
the gallbladder fundus and a small cholecystostomy is made. A
5-cm atrial catheter closed at the tip with a distal slit valve is
inserted into the gallbladder. A straight connector is used to join
this catheter to the distal shunt catheter. Purse sutures are used to
secure the straight connector to the gall bladder wall. This is a
similar technique to that described by Bassi et al. [9].

CSF volume versus gallbladder capacity

Pre-operatively, the volume of CSF collected per hour via the
EVD should be evaluated. This may help identify patients
who would not be suitable candidates for a VC shunt.
Woodfield et al. described a case of a 1-year-old girl who
had a failed VC shunt, where a CT abdomen showed a
distended gall bladder and subsequent insertion of an EVD
demonstrated a CSF production of 40 to 50 ml/h [18].
Similarly, in case 3, the pre-operatively EVD output was 30
to 35 ml/h of CSF. At the time of the revision intraoperatively,
his gallbladder was found to be tense and distended prior to
removal of the distal shunt catheter. On the other hand, cases 1
and 2 had pre-operative EVD outputs of 8 and 10 ml/h, re-
spectively, and they did not experience distal shunt dysfunc-
tion. CSF production is known to increase with age and
weight [19, 20] and the mean output of CSF via EVD in
infants and children is approximately 6.3–8.1 ml/h [19, 20].
However, it is not known exactly how much additional vol-
ume the gall bladder can be tolerated via CSF diversion.
Assessing a patient’s gall bladder absorptive capacity and
drainage via the bile duct may be difficult when considering
a patient for a VC shunt. Nevertheless, gall bladder volume
and common bile duct width are known to increase with the
age [21–23]. Yoo et al. showed that for children aged 2 and
8 years old, the median gall bladder volumes were 5.6 cm3 and
7.7 cm3 respectively [23]. In patient’s age less than 1 year old,
the gall bladder was shown to be particularly small with a
median volume of 1.4 cm3 [23]. Furthermore, Zhang et al.
demonstrated that the mean common bile duct diameters for
children aged two to four and eight to ten were 2.1 mm and
3.9 mm respectively [22]. These studies suggest that younger
patients may be less likely to tolerate a VC shunt. However,
the volume of CSF output via the EVD may potentially be a
bigger predictor of VC shunt failure. In our experience, cases
1 and 2 were both aged 2 years old, and the VC shunt has been
successful, whereas case 3 was aged eight and the VC shunt
had to be removed due to distal shunt dysfunction. Therefore,
caution should be taken in patients who produce significantly
high volumes via the external ventricular drain. Although not

common practice in the UK, there are neuro-endoscopic pro-
cedures that could reduce the volume of CSF produced by the
choroid plexus [24–27], which may improve the success of
VC shunt function. Medical treatment using drugs such as
Acetazolamide can also help reduce CSF production [28].
Nevertheless, our hypothesis is based on a small case series
and there is scanty evidence with regard to the gall bladders’
capacity to accommodate CSF. Therefore, we cannot conclude
whether or not a high EVD output would be a contraindication
for a VC shunt in children.

Gall bladder–related complications

VC shunts may lead to an increased risk of gall stones at long-
term follow-up [29]. Aldana et al. report a case of gall stones
causing shunt dysfunction 5 years after the insertion of a VC
shunt [12]; this was managed via conversion to a VP shunt.
Furthermore, Surfield et al. described a similar case of gall stones
11 years after insertion of a VC shunt; the shunt was revised, and
at 6 months, there were no further signs or symptoms of gall
stone–related shunt dysfunction [30]. Gall bladder atony has
been reported, which can be successfully treated medically with
Cholecystokinin [13].

Conclusion

Our study demonstrates that ventriculo-cholecystic shunts can
safely be used in paediatric patients with hydrocephalus.
However, cautionmay be advisable in patients who are known
to produce large volumes of CSF.
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