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Abstract

Introduction Management of ventriculomegaly in pediatric patients with syndromic craniosynostosis (SC) requires understand-
ing the underlying mechanisms that cause increased intracranial pressure (ICP) and the role of cerebrospinal fluid (CSF) in cranial
vault expansion in order to select the best treatment option for each individual patient.

Methods A total of 33 pediatric patients with SC requiring craniofacial surgery were retrospectively evaluated. Cases of nonsyndromic
craniosynostosis and shunt-induced craniosynostosis were excluded. Six syndrome-based categories were distinguished: Crouzon
syndrome, Pfeiffer syndrome, Apert syndrome, cloverleaf skull syndrome, and others (Muenke syndrome, Sensenbrenner syndrome,
unclassified). All of the patients were treated surgically for their cranial deformity between 2010 and 2016. The presence of
ventriculomegaly and ventriculoperitoneal (VP) shunt requirement with its impact in cranial vault expansion were analyzed. Clinical
and neuroimaging studies covering the time from presentation through the follow-up period were revised. The mean postoperative
follow-up was 6 years and 3 months. A systematic review of the literature was conducted through a PubMed search.

Results Ofthe total of 33 patients with SC, 18 (54.5%) developed ventriculomegaly and 13 (39.4%) required ventriculoperitoneal (VP)
shunt placement. Six patients (18.2%) required shunt placement previous to craniofacial surgery. Seven patients (21.2%) required a
shunt after craniofacial surgery. Seven fixed pressure ventriculoperitoneal shunts and six programmable valves were placed as first
choice. All patients improved their clinical symptoms after shunt placement. Aesthetic results seemed to be better in patients with
programmable shunts.

Conclusions Unless clear criteria for overt hydrocephalus are present, it is recommended to perform craniofacial surgery as a first
step in the management of patients with SC in order to preserve the expansive effect of CSF for cranial vault expansion. In our
experience, the use of externally programmable valves allows for the treatment of hydrocephalus while maintaining the expan-
sive effect of CSF for the remodeling of the cranial vault. Prospective evaluations are needed to determine causality.
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Introduction and which intervention is suggested so as to maintain the
expansive effect of the CSF needed to favor remodeling of
Both alterations in cerebrospinal fluid (CSF) hydrodynamics and ~ the skull vault.
craniosynostosis lead to increased intracranial pressure (ICP) but
with an opposite effect on the growth of the skull vault.

The aim of this study was to determine when the treatment

of ventriculomegaly becomes mandatory in patients with SC Material and methods

A retrospective, observational study was conducted to evaluate
the management of ventriculomegaly in pediatric patients with
SC at Hospital de Pediatria SAMIC “Prof. Dr. Juan P. Garrahan”
in Buenos Aires, Argentina, between 2010 and 2016.

Only patients with craniosynostosis with two or more
closed sutures associated with a set of facial and body abnor-
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malities caused by a characteristic genetic disorder were in-
cluded. Six syndrome-based categories were distinguished
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Table 1

Time of ventriculomegaly presentation and VP shunt requirement

Ventriculomegaly (n=18)

VP shunt requirement (n=13)

Fixed pressure Programmable
Pre-craniofacial surgery 2
Post-craniofacial surgery Posterior cranial vault expansion 3 4
Fronto-orbital advancement
Total 18 7 6

according to clinical and radiological exams (phenotypic di-
agnosis): Crouzon syndrome, Pfeiffer syndrome, Apert syn-
drome, cloverleaf skull syndrome, and others (Muenke syn-
drome, Sensenbrenner syndrome, unclassified).

A total of 33 patients with SC requiring craniofacial surgery
were evaluated. Craniofacial surgery was defined as fronto-
orbital advancement (FOA) and posterior cranial vault expansion
(PCVE) consisting of biparietal-occipital cranial expansion and/
or distraction with springs. The presence of ventriculomegaly
and ventriculoperitoneal (VP) shunt requirement with its impact
in cranial vault expansion were analyzed.

In our series, raised ICP was diagnosed by non-invasive
ICP monitoring, performing clinical and neuroradiological as-
sessment in all patients.

Additionally, a systematic review of the literature was con-
ducted through a PubMed search of original articles, case
reports, and reviews using the keywords “syndromic cranio-
synostosis,” “hydrocephalus,” “ventriculomegaly,” “craniofa-
cial surgery,” and “endoscopic third ventriculostomy”.

EENT3

Results

From a total of 33 patients with SC, six syndrome-based cat-
egories were distinguished: Crouzon syndrome (16), Pfeiffer
syndrome (6), Apert syndrome (4), cloverleaf skull syndrome
(4), and others (Muenke syndrome 1, Sensenbrenner syn-
drome 1, unclassified 1).

SC was associated with ventriculomegaly in 18 of the pa-
tients. In eight of these 18 patients, ventriculomegaly was
observed previous to craniofacial surgery. The remaining 10
patients developed ventriculomegaly after craniofacial sur-
gery; two after fronto-orbital advancement and eight after pos-
terior cranial vault expansion (Table 1).

Of the total of 18 patients with syndromic ventriculomegaly,
13 required ventriculoperitoneal (VP) shunt placement (6 cases
with Crouzon syndrome, 4 with Pfeiffer syndrome, 2 with clo-
verleaf skull syndrome, 1 unclassified) (Table 2).

Six patients required shunt placement previous to craniofacial
surgery: three of them because of clinical signs (fundoscopic
alterations, bulging fontanelle, Parinaud’s syndrome) and/or
symptoms (headache, vomiting, sensory loss) of raised ICP and
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the three remaining patients because of signs of increased ICP on
neuroimaging studies (progressive ventricular dilation,
periependymal edema, effacement of the subarachnoid spaces
and basal cisterns, poor bone quality) despite being asymptom-
atic. Seven patients required a shunt after craniofacial surgery
due to progressive ventriculomegaly associated with signs and
symptoms of raised ICP and in one patient due to an uncontrolled
CSF fistula through the surgical wound after incidental dural
laceration during the fronto-orbital advancement. Seven fixed
pressure ventriculoperitoneal shunts and six programmable
valves were placed as first choice (Table 3).

All patients improved their clinical symptoms after shunt
placement. Aesthetic results were poor in patients with fixed
ventriculoperitoneal shunt; in four of them, a second surgery for
posterior cranial vault expansion was necessary (Table 4). On
the other hand, in patients with programmable valves, no com-
plications were seen, and no surgical revision procedures were
required. Both functional and aesthetic results were good in
these patients. The mean follow-up was 6 years and 3 months.

Discussion

Intracranial hypertension in SC: pathophysiology and
clinical features

Intracranial hypertension is always present in SC and is mul-
tifactorial [1, 16, 17]. Understanding of its pathophysiology to
make a correct diagnosis is essential.

Three factors seem to be involved in the increased ICP in
these patients [2, 32, 35]:

Table2 Requirement of ventriculoperitoneal shunt insertion. Classified
according to the syndrome

Syndrome Cases VP shunt requirement
Crouzon syndrome 16 6

Pfeiffer syndrome 6 4

Apert syndrome 0

Cloverleaf syndrome 2

Others 3 1

Total 33 13
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A Upper airway obstruction related to midface hypoplasia
and secondary hypercapnia and vasodilation altering the
mechanisms of cerebral autoregulation

B Decreased cranial volume secondary to craniosynostosis

C Abnormal intracranial CSF hydrodynamics that may lead
to hydrocephalus

Patients with SC have been shown to have narrowing of the
skull base foramina (jugular foramen) with the consequent
venous congestion and increased venous pressure that causes
a decrease in CSF absorption [6, 20]. Already in 1984, Sainte-
Rose et al. stated that patients with craniosynostosis have in-
creased vascular resistance leading to raised ICP, associated or
not with ventriculomegaly according to the “distensibility of
the cranial vault.” In this latter case, the condition is referred to
as “pseudotumor cerebri.” The authors describe performing
(in 3 patients) an anastomosis between the transverse sinus
and the extracranial internal jugular vein bypassing the steno-
sis at the level of the jugular foramen and thereby decreasing
the ICP and ventricular size within the period of 1 year.
Nevertheless, clinical symptoms and visual impairment did
not allow for a longer waiting time in two other cases, and
VP shunt placement was necessary [28, 31]. Following the
same line of thought, Cinalli et al. refer to a pseudotumor-
like state in patients with increased ICP without ventricular
dilatation due to the early and simultaneous closure of differ-
ent sutures [6].

In addition, in these patients a small posterior fossa with a
reduced area of the foramen magnum is observed (“crowded

posterior fossa,”) especially in those with premature closure of
the lambdoid sutures. Mutations in the gene coding for fibro-
blast growth factor receptor 2 (FGFR2) may be responsible for
premature closure of lambdoid sutures and reduction in fora-
men magnum area, predominantly seen in children with
Crouzon and Pfeiffer syndrome [8, 9], with the subsequent
Chiari I malformation (CIM). This generates a posterior fossa
disproportion with disappearance of the cisterna magna and
herniation of the cerebellar tonsils. The cisterna magna nor-
mally functions as a shock absorber, which absorbs the pulse
pressure of the CSF coming from the cranial side. If this
shock-absorbing capacity is lost, the pressure wave propagat-
ed through the central canal is markedly increased creating a
pressure gradient at the foramen magnum. This increased CSF
output resistance contributes both to the hydrocephalus, as the
outflow through the fourth ventricle is blocked [7, 10, 14], and
to the syringomyelia observed in some of these patients [4, 16,
29] (Fig. 1).

In fact, of the total of 33 patients with SC of our series, 13
(39.4%) required ventriculoperitoneal (VP) shunt placement
(6 cases with Crouzon syndrome, 4 with Pfeiffer syndrome, 2
with cloverleaf skull syndrome, 1 unclassified). None of the
patients with Apert syndrome required VP shunt (Table 2).
According to our results and in agreement with the literature,
in patients with Apert syndrome, VP shunt placement is rarely
necessary as they used to present with tetraventriculomegaly
with no active hydrocephalus because of jugular foramen ste-
nosis and non-reduction of foramen magnum. Cinalli et al.
also explain this phenomenon by the fact that in patients with

Table 3  Indications for VP shunt surgery
Case Indication for surgery Age Type
(months)

Clinical findings CT scan Fundoscopy
1 Headache Progressive ventriculomegaly Papilledema 60 Fixed
3 Bulging ectomy Progressive ventriculomegaly - 37 Programmable
5 - Progressive ventriculomegaly Papilledema Fixed
7 - Ventriculomegaly with periependymal edema and - 3 Fixed

digitiform impressions

Headache and vomiting - Papilledema 12 Programmable

9 Parinaud syndrome - Papilledema (closed 2 Fixed
fontanelle)
13 - Ventriculomegaly with periependymal edema and - 3 Fixed
digitiform impressions
16  Bulging ectomy and Parinaud ~ Progressive ventriculomegaly - 3 Fixed
syndrome
17 Uncontrolled CSF fistula - - 10 Programmable
19  Bulging ectomy Progressive ventriculomegaly - 12 Programmable
20  Bulging ectomy Progressive ventriculomegaly - 7 Programmable
29  Bulging fontanelle and Parinaud - - 1 Programmable
syndrome

30 - Ventriculomegaly with periependymal edema and - 2 Fixed

digitiform impressions
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Apert syndrome, sagittal and lambdoid suture involvement is
rare and usually late and that fusion of the skull base
synchondroses occurs later as well [5, 6].

In our series, 11 of the 13 patients who required VP shunt
placement had a posterior fossa showing craniocerebral dis-
proportion and had been diagnosed with a Chiari I malforma-
tion (Table 4). Only two of them required decompressive sur-
gery of the posterior fossa because of central apnea confirmed
by polysomnography (PSG) (patients 5 and 7).

All these findings support that the etiology of the raised
ICP in this condition is multifactorial [2, 17, 22].

Ventriculomegaly and even dilation of the temporal horns
are often seen in patients with SC. Eide suggests that the size
or changes in size of the cerebral ventricles are not reliable
predictors of increased ICP [13]. Indeed, after craniofacial
surgery increased, ventricular size is observed and should
not “a priori” be considered as progressive hydrocephalus,
as it may be related to the remodeling of the cranial vault
and thus stabilizes thereafter [10]. In our series, we observed
how fundoscopy improves regardless of the initial ventricular
size after craniofacial surgery. The ventricles gain enough
space to dilate after cranial vault expansion with a concomi-
tant decrease in ICP.

Therefore, in these patients the concepts of ventriculomegaly
and hydrocephalus should be well analyzed and differentiated.
Ventriculomegaly is strictly defined as an isolated ventricular
dilation (Evans Index >0.3) on neuroimaging without radiologi-
cal signs of raised ICP.

The presence of ventriculomegaly is necessary but not suf-
ficient to define hydrocephalus. Hydrocephalus is defined as
progressive enlargement of the ventricle size which, in the
majority of the cases, is associated with ballooning of ventri-
cle horns, periependymal edema, and effacement of subarach-
noid spaces, together with clinical signs and/or symptoms of
raised ICP [3, 13, 25] (Fig. 2).

Jugular foramen "Crowded posterior
stenosis fossa"
Venous + CSF outflow

congestion resistance
Venous
hypertension
| CSF absorption|— |HYDROCEPHALUS

Fig. 1 Pathophysiology of abnormal intracranial CSF hydrodynamics

Treatment strategies

Syndromic craniosynostosis implies a functional and aesthetic
disorder. The first goal is to treat intracranial hypertension,
and the second goal is to restore patients’ appearance. As we
already mentioned, both hydrocephalus and craniosynostosis
lead to increased ICP, but their treatment may have an oppo-
site effect on the growth of the skull vault. While the posterior
and anterior cranial fossae are enlarged to restore the intracra-
nial volume, treating hydrocephalus may lose the expansive
effect of the CSF for cranial vault remodeling. Three different
scenarios could be described in order to adjust the most suit-
able treatment option for each one.

I Intracranial hypertension and slit ventricles: pseudotumor-
like state.

Il Intracranial hypertension and non-tense ventriculomegaly.

Il Intracranial hypertension and hydrocephalus.

In patients who present with slit ventricles and papilledema
(scenario 1), an urgent decompressive craniofacial surgery is
indicated in order to avoid the risk of severe or progressive
visual loss.

As it was already mentioned, in patients who present with
ventriculomegaly, the adequate interpretation of whether this
ventriculomegaly is a non-tense ventriculomegaly or an overt
hydrocephalus is essential. Ventriculomegaly per se does not
require shunting (scenario I1).

Hydrocephalus (scenario I1I) should be treated urgently
with a VP shunt placement if the patient’s life is at risk and
to avoid cognitive delay and visual loss (because of
papilledema) and improve ventilatory disorders when they
occur [17, 26, 30, 33]. Initially, in our patients, collapse of
the ventricles was observed after fixed pressure shunt inser-
tion, losing the expansive effect of the CSF for cranial vault
remodeling and thereby leading to a poor cranial vault expan-
sion (Fig. 3) [18, 27]. Of the total patients in whom a fixed
pressure shunt was placed, three patients (patients 5, 16, and
30) presented with symptomatic shunt dysfunction because of
blockage of the proximal catheter after ventricle collapse. Two
of these patients (patients 5 and 30) suffered shunt infection
due to multiple shunt revision. In one patient (patient 1), a
subdural hematoma was diagnosed in a postoperative CT
scan, because of overdrainage. To avoid surgery, the patient
remained for 1 week in Trendelenburg position and with an
abdominal girdle in order to increase the intra-abdominal pres-
sure and reduce the CSF drainage. The hematoma remained
stable and was completely reabsorbed after 1 month.

In order to avoid a poor cranial vault expansion after fixed
pressure shunt placement, we tried to maintain the cranial
vault distraction with the use of springs; however, this was
not enough (patient 9) [11, 19, 24]. In some patients (patient 5,
7,9, and 16), we tried performing a second posterior cranial
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Fig. 2 Brain CT scans of two
different patients with
craniosynostosis showing the
difference between
ventriculomegaly (a) and
hydrocephalus (b) based on the
effacement of the subarachnoid
spaces, periependymal edema,
and ballooning of frontal horns

vault expansion in order to restore de cranial volume lost after
shunt insertion with incomplete aesthetic result, except for two
of them in which we achieved a good aesthetic result because
we replaced the fixed pressure valves for programmable
valves (patients 7 and 9) (Table 4).

As an alternative to shunt placement, Di Rocco et al. pro-
posed the use of endoscopic third ventriculostomy (ETV). The
authors consider ETV the primary surgical option in patients

Fig. 3 Preoperative (a) and postoperative (b) three-dimensional brain CT
scan of a patient with SC associated with hydrocephalus who underwent
posterior cranial vault expansion and placement of a ventriculoperitoneal
shunt with a fixed pressure setting valve. Postoperative photo (¢) showing
poor cranial vault expansion due to the loss of the expansive effect of the
CSF on cranial vault remodeling

@ Springer

with complex faciocraniosynostosis complicated by hyperten-
sive hydrocephalus in order to maintain the positive effect of
the expanding CSF forces for skull enlargement. Nevertheless,
they also reported a relatively high failure rate of this procedure
and recommend close clinical and radiological monitoring [12].

According to other authors, however, ETV does not re-
solve increased ICP secondary to impairment of CSF absorp-
tion due to jugular foramen stenosis [16, 36, 37]. And added to
the ventricular dysmorphism existing in many of these pa-
tients, we do not consider this procedure to be the best thera-
peutic option.

At our institution, during the last 5 years, in patients with
signs and/or symptoms of increased ICP secondary to hydro-
cephalus, we have been opting for the use of programmable
differential pressure valves that allow us to treat hydrocepha-
lus while maintaining the expansive effect of CSF for the
remodeling of the cranial vault by regulating the valve to the
pressure that is best tolerated by the patient, with good vault
expansion and aesthetic result (Fig. 4). Flow-regulated valves
could be a good alternative as well, although we do not have
experience with them at our center [21, 34]. We placed pro-
grammable valves in six patients as first choice (patients 3, 8,
17. 19, 20, and 29) and in other two patients in replacement of
fixed pressure shunt when performing a second cranial vault
expansion because of a poor aesthetic result (patients 7 and 9).
The initial pressure setting was 110 mmHg when the shunt
was placed for the first time. In one patient because of
persisting bulging fontanelle, we lowered the pressure setting
to 80 mmHg. In patients in which we replaced the fixed pres-
sure shunt for a programmable valve while performing a sec-
ond cranial vault expansion, we set the pressure in 140 mmHg
in order to gain more volume with the safety that we were
working with an distensible cranial vault. We achieved a good
aesthetic result in these eight patients with no need of surgical
shunt revision and nonsurgical-related complications.

Regarding SC and CIM, we do not perform a foramen
magnum osteo-ligamentary decompression, unless the patient
presents with Chiari signs, such as central apneas in a PSG or
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Fig. 4 Preoperative (a) and postoperative (b and ¢) brain CT scan of a
patient with SC associated with hydrocephalus who underwent posterior
cranial vault distraction and insertion of a ventriculoperitoneal shunt with

characteristics pathological findings in somatosensory evoked
potentials (SSEP), or symptoms (nuchalgia, swallowing dis-
orders, paresthesia) as is not yet shown to prevent overt hy-
drocephalus and could add a potential risk of hindbrain herni-
ation because of supratentorial intracranial hypertension and
vascular anomalies seen in these patients [15, 23].

The different treatment strategies proposed for each scenar-
io are summarized in Fig. 5.

In order to provide a correct follow-up of our patients, we
performed a CT scan within the first week after craniofacial
surgery or shunt placement. If after craniofacial surgery an
asymptomatic ventricular enlargement is observed, we repeat
a brain CT scan within the first month after surgery in order to
diagnose progressive ventricular enlargement that would re-
quire shunt placement. For long-term assessment, we pre-
ferred complete shunt X-rays and brain and spine MRI once
a year, for early diagnosis of shunt failure, syringomyelia, and
to rule out signs of raised ICP. We also indicate a complete
ophthalmological exam with fundoscopy after 3, 6, and

SC |«

a programmable valve resolving the hydrocephalus while maintaining the
expansive effect of the CSF on the remodeling of the cranial vault with a
good aesthetic outcome and cranial vault expansion

12 months of surgery and, thereafter, once a year. A neuro-
surgical consultation is recommended every 2 weeks during
the first postoperative month and every 3 months for at least
the first year.

In conclusion, management of SC may need to address the
presence of intracranial hypertension, ventriculomegaly, and
hydrocephalus as well as the functional and aesthetic conse-
quences of these disorders and their treatment implications. In
our opinion, unless clear criteria for decompensated hydro-
cephalus are present, it is recommended to perform craniofa-
cial surgery as a first step in order to preserve the expansive
effect of CSF for cranial vault expansion. Immediate and long-
term assessment by a multidisciplinary craniofacial team is an
important and effective way to detect signs and symptoms of
intracranial hypertension in patients who have undergone or
will need craniofacial reconstruction. If a patient demonstrates
persistent symptoms consistent with high ICP, neuroimaging
studies should be obtained to rule out hydrocephalus. In this
situation, we found that treatment with programmable valves

A 4 \

first reatment of
CIM
T
symptomatic
i (nuchalgia, swallowing disorders, altered PSG and/or SSEP )

:

Scenario I
pseudotumor-like state

Scenario II: non-tense ventriculomegaly

Scenario III: hydrocephalus

adequate cranial vault expansion and

\ non shunt dysfunction

v '
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decompensated
headache, vomiting)
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(pap
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cranial vault Craniofacial surgery
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Fig. 5 Treatment strategies algorithm
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may be a good alternative, maintaining the expansive effect of
CSF for remodeling of the cranial vault with excellent vault
expansion. Future prospective multicenter studies would be
useful to select the best treatment options for these patients.
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with field standards.
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