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Abstract

Purpose Ventricular shunt-induced craniosynostosis is a
widely recognised cause of secondary craniosynostosis. We
reviewed the management and long-term outcome of the
cases of cranial deformity post cerebrospinal fluid shunting
in our unit and compared these with previously published
series.

Methods The Australian Craniofacial Unit and Department
of Neurosurgery database was searched to identify cases of
ventricular shunt-induced cranial deformity and a case note
review was undertaken.

Results Eight cases were identified, and all were shunted
within 6 months of birth. Our patients required shunting with
a low pressure valve for hydrocephalus secondary to either
aqueduct stenosis or intraventricular haemorrhage. The
diagnosis was made following computed tomography (CT)
three-dimensional surface reconstruction of the skull. Two
cases of confirmed suture fusion were treated with cranial
vault remodelling and programmable shunt insertion. In six
cases, the sutures were not completely fused on the CT
images despite a scaphocephalic head shape. These patients
were managed conservatively with close monitoring.
Conclusion Cranial vault remodelling together with inser-
tion of programmable shunt valve is indicated in CT
confirmed cases of secondary craniosynostosis.
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Introduction

Ventricular shunting is a well-established treatment for
hydrocephalus in infancy [1]. However, it has been recog-
nised that decompression of the cerebral ventricles may
interfere with the cranial vault growth, and in some cases,
this leads to premature fusion of the sutures. This was first
reported by Strenger [2] in 1963, and since then, ventricular
shunting has been a widely recognised cause of secondary
craniosynostosis [3—7]. The published incidence of this
complication varies between 1.0% and 12.4% [4, 5, 8].
Surprisingly, however, there is a marked paucity of infor-
mation in the literature about this condition especially in
relation to its management. We wish to review the cases of
secondary synostosis from our unit to assess management
and long-term outcome of this rare condition.

Method

The Australian Craniofacial Unit and Department of Neuro-
surgery database was searched to identify cases of ventric-
ular shunt-induced craniosynostosis. Inclusion in the study
required confirmation of scaphocephaly according to March
of Dimes cranial index of scaphocephaly and ventricular
shunting in the first 12 months of life. Cases of syndrome-
associated scaphocephaly were excluded. A case note review
was undertaken to confirm that the inclusion criteria were
met and to assess the varying management and progress of
these children.
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Table 1 Individual patient data

Patient ~ Diagnosis Prematurity =~ Age at initial ~ Shunt valve ~ Age abnormal head = CT confirmed  Age at cranial vault
shunt pressure shape noted suture fusion remodelling

LE® Aqueduct stenosis ~ No 2 days Low 7 months Yes 14 months

W & Aqueduct stenosis No 4 weeks Low 2 months No N/A

DR @ IVH Yes 4 months Low 10 months No N/A

JLA& IVH Yes 4 months Low 9 months Partial N/A

JHQ IVH Yes 5 weeks Low 9 months Yes 12 months

CTZd E.Coli meningitis Yes 2 months Low 6 months No N/A

BHJ4 IVH No 5 weeks Low 3 months No N/A

DN & IVH Yes 5 months Low 7 months No N/A

All ages are not corrected for prematurity

Results

Eight cases of scaphocephaly resulting from ventricular
shunting were identified, and no one was excluded. There
were three girls and five boys. All were shunted within
6 months of birth (Table 1). Two cases required shunting
for hydrocephalus secondary to aqueduct stenosis, five
were shunted for hydrocephalus following intraventricular
haemorrhage and one was shunted after meningitis. Low
pressure shunt valves were inserted in all cases. The
children were followed up at a minimum of three monthly
in their first year of life and during this routine appoint-
ment, the abnormal head shape was noted which prompted
a computed tomography (CT) three-dimensional surface
reconstruction of the skull for suspicion of secondary
craniosynostosis. Two cases were treated with cranial vault
remodelling and programmable shunt valve insertion
(Figs. 1, 2 and 3). In five cases, the radiological appear-
ances of the sagittal suture appeared to be patent, although
thickened bone was found adjacent to the sutures. These
cases were managed conservatively with close follow-up
and serial imaging. In one case, the sagittal suture was only

Fig. 1 Abnormal head shape
secondary to ventricular
shunting
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partially fused; therefore, an attempt was made to expand
the cranial vault by inserting a programmable shunt valve
and then progressively increasing the valve opening pres-
sure. This was abandoned when the child started exhibiting
signs of raised intracranial pressure. He has since been
managed conservatively as well. One child died at the age
of 7 years old following acute hydrocephalus secondary to
shunt obstruction. The other seven children have varying
degrees of developmental delay on formal neuropsychology
assessment without clinical signs and symptoms of raised
intracranial pressure. In two of the cases managed conser-
vatively, there has been a marked improvement in the
head shape without any radiological evidence of progres-
sive suture fusion.

Discussion

The prevalence of congenital and infantile hydrocephalus
has been estimated as 0.48 to 0.81 per 1,000 live and still
births [9-11]. Hydrocephalus occurs in approximately 35%
of infants with intraventricular haemorrhage and 15-20% of
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Fig. 2 Pre-cranial vault
remodelling surgery

those will require cerebrospinal fluid diversion by means of
ventricular shunting procedures [12]. We could find no
significant series published describing the management
of shunt induced craniosynostosis despite it being a well-
acknowledged complication of shunting. To date, we
believe that this will be the largest case series reviewing
the management of shunt-induced cranial deformity.

The major complications associated with uncorrected
craniosynostosis include increased intracranial pressure,
altered cranial base resulting in facial asymmetry, maloc-
clusion as well as potential adverse effect on the psycho-
logical well-being [13, 14]. There has been limited data
published specifically in relation to the repair of secondary
craniosynostosis. Some studies have recognised the in-
creased complexity involved in the repair of the cranial
vault abnormality in these patients and various methods
have been explored to maintain the skull shape and prevent

Fig. 3 Postcranial vault
remodelling surgery

recurrence [3, 4, 7, 8, 15]. There are, however, also those
that strongly discourage surgical correction in these patients
arguing that the operative risks are unacceptable in these
patients who are not at risk for developing raised
intracranial pressure [3, 4].

Parasagittal and linear craniectomies were described as a
method to treat secondary synostosis by Roberts et al. [5]
and Kloss [6]. Alternatively, Schendel et al. [7] reported
good results with at a minimum sagittal strip craniectomy and
biparietal osteotomies as well as the addition of an occipital
and frontal remodelling in those cases with severe protrusion.
The bone flaps were rigidly secured with transverse micro-
plates to maintain the expanded shape and prevent recurrent
collapse [7]. More recently, expansile springs were utilised
to treat patients with scaphocephaly secondary to ventricular
shunting [16]. This method was advocated as an advantage
over previous craniofacial reshaping techniques in terms of
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reducing morbidity and blood loss through limited dissec-
tion and shorter operative time.

Six patients did not have complete fusion of the cranial
sutures on CT despite their scaphocephalic head shape.
Davis and Lauritzen suggested in their paper published in
May 2008 [16] that in such cases, craniosynostosis would
have inevitably resulted and, therefore, advocated interven-
tion before onset. We opted to manage these patients
conservatively with close clinical and radiological follow-
up. As reported above, two patients achieved a remarkable
improvement in their head shape without any intervention;
therefore, it is unnecessary to place all these patients
through the risks of an operation based solely on their
clinical head shape. The close monitoring is specifically
directed towards early detection and prompt intervention in
those patients who subsequently develop radiological
evidence of fused suture.

The cranial deformity seen in our cohort was a scapho-
cephalic shape as are in several other reported cases. We
utilised the same calvarial remodelling technique as that used
in primary sagittal synostosis in our unit to achieve a near
normal cranial contour. This is a safe and appropriate
procedure in those with CT-proven craniosynostosis. Addi-
tionally, we believe it is imperative to use a programmable
shunt valve to dilate the ventricles postoperatively to prevent
the development of a subdural fluid collection which can be
expected given the expanded cranial vault. It is prudent to be
cautious despite published series of Shuster et al. [15]
reporting that this was not an observed complication because
the small cohort did not reach statistical significance and
the development of a subdural collection is potentially a
consequential even though as yet a theoretical one.

Our experience has led to a change in our practice. We
now only insert programmable shunt valves in patients less
than 12 months old, the rationale being to maintain
physiological tension across the cranial sutures and con-
ceivably prevent premature fusion by careful regulation of
ventricular decompression. Alternatively, an endoscopic
third ventriculostomy is conducted in appropriate cases.
This restores physiological cerebrospinal fluid circulation
circumventing the problems associated with ventricular
over-drainage.
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We conclude that cranial vault remodelling should only be
performed in those cases with radiological evidence of total
single or multiple cranial suture synostosis and that post
remodelling insertion of a programmable shunt valve is an
important part of the management strategy. Furthermore,
there is no role for a prophylactic corrective procedure in
patients with cranial deformity without complete fusion on
CT imaging.
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