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Abstract
Background: Proximal catheterization failure is believed to be the result of obstruction of the catheter by the
choroid plexus. Optimal catheter placement can reduce proximal catheter failure. It has been reported that
placement of ventricular catheters with stereotaxy, ultrasound, and endoscopic methods can help to reduce
proximal catheterization failure.
Aim: In cases with an open fontanelle that require VP shunt revision, proximal catheter failure can be reduced with
transfontanellar ultrasound guidance.
Case description: A ventricular catheter had been placed via right parietooccipital burr hole with free-hand
method. Three months later, the left lateral ventricle, particularly the frontal horn of the left lateral ventricle, was
observed to be asymmetrically larger, so revision surgery was planned. The revision surgery was performed under
transfontanellar ultrasound guidance to advance the existing catheter to the frontal horn of the contralateral
ventricle. In revision cases, particularly those with an open fontanelle, the proximal catheter can be placed in the
desired region without any issues under intraoperative transfontanellar ultrasound guidance.
Conclusion: In cases with an open fontanelle that require external ventricular drainage, VP shunt placement, or
revision, proximal catheter failure can be reduced with transfontanellar ultrasound guidance.
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Background
Ventriculoperitoneal (VP) shunt placement is one the
most commonly performed neurosurgical interventions.
More than one entry point has been described for VP
placement, but the most common are the frontal and
parietooccipital regions. Despite technological advances
in catheter material and valve design, shunt failure rates
are still high [1]. Proximal catheter failure is believed to
be the result of obstruction of the catheter by the choroid plexus [2]. Optimal placement of the catheter may
reduce proximal catheter failures. Reduced catheter failure rates have been reported by placing the ventricular
catheter with stereotaxy, ultrasound, and endoscopic
methods [2, 3].
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Aim of the study

In revision cases, particularly those with an open fontanelle, the proximal catheter can be placed in the desired
region with the use of intraoperative transfontanellar
ultrasound guidance; hence, we present our case as a
technical note.

Technical note of the case

The case had meningocele at birth and was operated on
in our clinic when 3 days old. At post-op 1 month, the
case developed hydrocephalus (Fig. 1a); a VP shunt was
placed by placing a proximal catheter via right parietooccipital route with free-hand method. Early
post-operative computed tomography (CT) showed that
the shunt was inside the occipital horn of the right lateral ventricle but it fell short (Fig. 1b); however, it filled
when pressing on the shunt pump, and because abdominal ultrasound showed free fluid in the abdomen, it was
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Fig. 1 a CT image showing hydrocephalus due to meningomyelocele. b Early image after VP shunt placement. c Asymmetrical ventricles at postop third month. d CT image showing early period after revision. e CT image after reconstruction. f CT image showing late period

decided that the shunt was working. Three months later,
the case was brought because the family noticed that there
was bossing at the left front side of the head. Cranial CT
showed asymmetrically enlarged left lateral ventricle, particularly the frontal horn (Fig. 1c), so a revision surgery
was planned. During operation, it was seen that the proximal catheter tip was not occluded and was working properly. Proximal catheter was removed, and a new longer
catheter was placed with the guide of a stylet. Under
transfontanellar ultrasound (GE Voluson E8 11 L-D Linear
probe) guidance, revision surgery was completed by advancing the proximal catheter to the enlarged left lateral
ventricle (Figs. 1d, e and 2; Additional file 1). The catheter

Fig. 2 Illustration of VP shunt revision under transfontanellar
ultrasound guidance

was placed approximately 7 cm in length against the ventricle. The new orientation of the proximal catheter did
not affect the reservoir position, incision, and burr hole.
At post-revision sixth month control, both ventricles were
observed to be of normal size (Fig. 1f).
We describe a case of an infant with proximal shunt
failure where shunt revision was performed under transfontanelle ultrasound guidance.

Discussion
VP shunt allows life-long cerebrospinal fluid (CSF)
drainage; however, its malfunction is an important problem [4, 5]. In pediatric cases, the rate of revision requirement is 16% within the first month and may be up to
39% within the first year [5]. Major causes of shunt malfunction include obstruction, infection, and malposition.
It has been reported that free-hand method results in
malposition of the shunt in 12.3–44% of cases [3, 5].
Since our case had a unilaterally enlarged ventricle, partial malfunction due to shortness of the proximal catheter was suspected. While free-hand method is
performed according to anatomical landmarks, several
advanced techniques including stereotaxic navigation,
ultrasonography, and endoscopy are recommended to
improve the quality of catheter placement [3, 6]. In the
free-hand method, the presence of CSF drainage from
the catheter tip does not necessarily mean that the shunt
is in correct size and location within the ventricle. In
pediatric patients, although endoscopic ventricular catheter placement reduces catheter failure rates, overall failure rates have been reported to be the same [2]. In a
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comparison of ultrasound with stereotaxic navigation,
the speed of set-up, lack of requirement for additional
imaging, and visualization in real-time are the important
advantages to ultrasound [7]. In terms of proximal catheter position, ultrasound-guided VP shunt or external
ventricular catheterization is known to be more successful compared to free-hand method [7–9]. However,
while an additional burr hole or a larger burr hole is
needed with a burr hole-type ultrasound probe for ultrasound guidance in adults [7], transfontanellar ultrasound
is a more minimally invasive method in infants with an
open fontanelle. Shkolnik and McLone placed a VP
shunt with the help of transfontanelle ultrasound in
seven hydrocephalic patients, one being a revision. In
their practice, the proximal catheter tip is intended to be
in front of the foramen Monro [9]. In our revision case,
the proximal end of the shunt was placed in the contralateral ventricle, which was dilated, with the help of
transfontanelle ultrasound.
Therefore, utilization of transfontanellar ultrasound
for proximal catheter placement in cases with an open
fontanelle requiring external ventricular drainage, VP
shunt placement, and revision aids in reducing proximal
catheter failure.

Conclusion
Optimal catheter placement can reduce proximal catheter failure. In cases with an open fontanelle that require
external ventricular drainage, VP shunt placement, or revision, proximal catheter failure can be reduced with
transfontanellar ultrasound guidance.
Additional file
Additional file 1: Perioperative video recording for proximal catheter.
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