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Abstract

Introduction Secondary craniosynostosis subsequent to shunting is one of the late complications of ventricular shunt place-
ment in the early childhood. Several interventions have been used to treat high intracranial pressure associated with this
condition. This study aimed to evaluate the patients’ clinical symptoms and head circumference before and after a method
of decompressive craniotomy, coined as external—internal cranial expansion (EICE).

Methods A retrospective study was conducted, and the patients who had undergone EICE for the treatment of post-shunt
craniosynostosis between 2010 and 2020 were enrolled. This approach was a combination of a hinge multiple-strut decom-
pressive craniectomy and internal cranial flap thinning by drill. Data, extracted from medical records, were used to evaluate
the patients” symptoms and head circumferences before and 12 months after surgery.

Results A total of 16 patients were enrolled in the study, of which eight were females. Before the surgery, 9 patients (56.2%)
suffered from visual impairment, and all had intractable headache. Papilledema was recorded in all, with 3 cases having optic
disc paleness. After cranial expansion, only two patients had headaches, diagnosed as migraine-type and psychosomatic
headaches, respectively. In two patients, progressive visual impairments got worsening after surgery, which would be due
to severe preoperative optic nerve atrophy. Patients’ head circumferences significantly increased after the surgery (mean of
48.97+4.28 cm vs. 45.78 +4.31 cm; P value <0.0001).

Conclusion In lower resource countries, where newer technologies like distraction osteogenesis is not easily available,
external—internal cranial expansion can be considered an effective alternative for patients with post-shunt craniosynostosis.

Keywords Hydrocephalus - Slit ventricle syndrome - Secondary craniosynostosis - Cranial decompression

Introduction

Ventriculoperitoneal shunts (VP shunts) are considered the
main treatment of hydrocephalus since 1950s [1, 3]. Sev-
eral long- and short-term complications, including infection,
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subdural hematoma, pneumocephalus, shunt malfunction,
dehiscence, and fracture are associated with shunt treat-
ments [2, 3]. Slit ventricle syndrome (SVS), associated with
compactness of ventricles secondary to an early phase of
overdrainage, occurs in a minority of patients years after
VP shunting in infancy [4, 5]. In symptomatic cases, SVS
is presented with intermittent and chronic headaches, while
it can be associated with secondary craniosynostosis in
more severe cases [6—8]. Post-shunt craniosynostosis
is one of the long-term complications of shunting in young
ages, caused by cerebrospinal fluid (CSF) overdrainage and
early closure of the skull sutures [9, 10]. In this situation,
increased thickness of skull and secondary synostosis may
lead to increase in intracranial pressure (ICP) [11-13].
Besides symptomatic treatment, several surgical interven-
tions have been proposed for the management of post-shunt

@ Springer


http://orcid.org/0000-0002-5771-1167
http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-022-05744-9&domain=pdf

954

Child's Nervous System (2023) 39:953-961

craniosynostosis. Different techniques of cranial expansion
and decompression have been described [14-16]. Although
newer techniques like distraction osteogenesis have evolved
during the recent decades [17, 18], conventional decompres-
sive surgeries still play a crucial role in lower resource coun-
tries where newer methods are not easily available. In the
current series, we reported the changes in the head circum-
ference and clinical symptoms of patients with craniocer-
ebral disproportion due to post-shunt craniosynostosis who
underwent a modified technique of decompressive craniec-
tomy, coined as external—internal cranial expansion (EICE).

Methods and materials
Study design and setting

The study was retrospectively designed. Patients with crani-
ocerebral disproportion due to post-shunt craniosynostosis
who underwent EICE between 2010 and 2020 were enrolled.
The patients’ identifications were confidential, and the study
was approved by the institutional Ethics Committee (Ethics
Code; IR-TUMS.MEDICINE.REC.1398.654).

Study population

Sixteen patients, operated on for post-shunt craniosynosto-
sis, were retrospectively enrolled. Most patients with symp-
tomatic SVS were managed in outpatient setting by medi-
cal therapy or lumbar puncture. In total, 51 cases needed
admission for intracranial hypertension. All patients were
initially checked for shunt malfunction and underwent revi-
sion if needed. Those who remained symptomatic despite
well-functioning shunts were considered as craniocerebral
disproportion and planned for cranial expansion.

The patients’ clinical data including age at the time of ini-
tial shunt surgery, symptoms (headache, papillary edema, and
impaired vision), head circumference at the time of craniosyn-
ostosis surgery, head circumference 12 months after surgery,
and clinical improvement of headaches and visual symptoms
were extracted from the clinical documents or gathered by
in-person contact with the patients or their guardians.

Statistical analysis

IBM™ SPSS® statistics software was used for statistical analy-
sis. Quantitative data were expressed as mean and standard
deviation and qualitative data as number and percentage. The
Kolmogorov—Smirnov test was used to determine whether
the values of patients’ head circumferences are distributed
normally. Since the distribution was normal (P value=0.2),
a paired sample 7-test was used to evaluate the difference in
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the head circumferences before and after surgery. The level of
significance was considered as P value <0.05.

Surgical procedure

Patients with craniocerebral disproportion due to post-shunt
craniosynostosis, who remained symptomatic despite hav-
ing a functional shunt, underwent “external—internal cranial
expansion” (EICE). The surgical approach, defined by the
senior author, F. N., included a combination of multiple-strut
hinge decompressive craniectomies for “external expan-
sion” and internal cranial flaps thinning by drill for “infer-
nal expansion” (Fig. 1). This combined approach was aimed
to address both “suture closure” and “calvarial thickening,”
respectively. Under general anesthesia and in supine posi-
tion, a bicoronal incision was made and supraperiosteal dis-
section was performed from glabella toward inion. Periosteal
flaps were reflected downward in both sides and kept to use
after final reconstruction. A bifrontal craniotomy and three
to four biparietal strip osteotomies were made, followed by
reducing internal thickness of each skull flap by drilling
with burr (Fig. 1). As VP shunts are mostly implanted from
the occipital entry site in our center, one of the posterior
biparietal struts was adjusted so that the ventricular cath-
eter remained in place. The frontal flap was remodeled with
slightly anterior inclination to increase the volume of cra-
nial vault. The biparietal flaps were fixed 1 cm above the
skull base from one side using microplates, while the other
side was left mobile without any fixation. The fixed side
for the next strut was alternately changed (Fig. 2). Metal
microplates were routinely used, except for 2 patients who
were younger than 36 months and underwent EICE using
absorbable plates. The periosteal flaps were used to cover
the reconstructed bone flaps. Skin closure was done with over-
traction in most cases, because of increased calvaria volume.

Postoperative surveillance

The patients were given postoperative care in intensive care
unit (ICU). They were evaluated in outpatient clinics 2 weeks
after discharge and then every 2 months for the next 12 months.
Since all patients were cases of hydrocephalus with repeated
exposure to irradiation for diagnostic computed tomography
(CT) scans, postoperative radiologic re-assessment was not
mandatory and only performed on clinical indication.

Results

A total of 16 patients were retrospectively enrolled. They all
were cases of post-shunt craniosynostosis and craniocer-
ebral disproportion with persistent symptoms of intracranial
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Fig. 1 External-internal cranial expansion approach, consisting of
a combination of hinge multiple-strut decompressive craniectomies
and internal cranial flap scraping using a microdrill. A Periosteal
flaps were reflected downward in both sides, following a bicoronal
incision and supraperiostal dissection from the glabella to inion. B,
C A bifrontal craniotomy and four biparietal strip osteotomies were

hyperattention, despite receiving conservative treatments or
shunt revision.

Clinical data of patients are tabulated in Table 1. All
patients had shunt placement for primary hydrocephalus

made. The most posterior biparietal strut was adjusted according to
the implanted VP shunt*. D The internal thickness of each skull flap
was reduced using a microdrill. E, F The frontal flap was replaced
with slightly anterior inclination, and biparietal struts were fixed 1 cm
above the skull base. The periosteal flaps were used to cover the re-
constructed bones

during their infancy. The mean age at the time of first shunt
placement was 2.56+1.77 months, ranged from less than 1 to
8 months. At the time of cranial decompression, the patients’
mean age was 75.81+38.39 months. Preoperative symptoms
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Fig.2 Schematic view of
surgical reconstruction: forward
inclination of the bifrontal

flap, and alternate fixation of
biparietal strips 1 cm above the
skull base from one side while
the other side being left free
without fixation. Adjustment of
the posterior biparietal strut to
keep the ventricular catheter in
place can be seen in right side

included intractable headache and vomiting, papilledema, vis-
ual impairment, loss of consciousness, seizure, ophthalmople-
gia, and facial palsy (Table 1).

Headache

All patients had headache accompanied with papilledema
which remained resistant to medical therapy, lumbar punc-
ture, and shunt revision. The headache in all cases had
chronic and intermittent features with on and off fluctua-
tions. The mean duration of headache before EICE was
8.12 +2.78 months. After surgery, only two patients suf-
fered from headache (13.3%), while papilledema has been
resolved. One of these patients was diagnosed with psycho-
somatic headaches (case#1), and the other had migraine-type
headaches (case#10).

Visual impairments

Preoperative visual records revealed papilledema in all patients
and progressive visual impairments in 9 cases (56.2%). Three
cases had optic disc pallor. New-onset ophthalmoplegia was
detected in 3 patients, consisting of 2 cases with 6th nerve
palsy and one case of unilateral ptosis with contralateral 6th
palsy.

After expansile surgery, 2 patients with severe visual loss
continued to have visual deterioration which would be due to
severe optic nerve atrophy. Both patients had shown disc pal-
lor on fundoscopy prior to surgery, and their conditions did
not improve after decompression. Papilledema was resolved
in other 14 patients within 12 months after EICE surgery
(Table 1). The 6th nerve palsy was resolved in one patient
(case#8) but remained the same in an infant with bilateral
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involvement (case#4). The adolescent with unilateral 6th
nerve palsy and contralateral ptosis (case#13) improved sig-
nificantly after surgery.

Seizure, developmental regression, loss
of consciousness, and facial palsy

Three cases developed new-onset seizure in preoperative
period. Seizure was postoperatively controlled in 2 patients
(cases #1 and #7). The other patient (case#12) was a case
of post-traumatic hydrocephalus in infancy who suffered
from developmental delay. He presented with symptomatic
SVS at the age of 5 years. He was scheduled for expan-
sile surgery because of visual impairment, but just the day
before surgery, he suddenly developed seizure and loss of
consciousness. The patient underwent EICE in an emergent
setting. The level of consciousness improved and headache
was relieved, but optic atrophy and visual loss persisted and
seizure was not well controlled.

The youngest patient in this series (case#4) developed
symptomatic craniocerebral disproportion with motor regres-
sion and bilateral 6th nerve palsy, less than 1 year since
the initial shunting. After EICE surgery, motor regression
improved somewhat, but bilateral 6th nerve palsy persisted.

One patient (case#16) preoperatively developed a unilat-
eral peripheral facial palsy (House-Brackman grade V), which
improved to grade II within the first month after EICE and
completely relieved after 6 months.

Head circumference
The mean head circumference was 45.78 +4.31 cm preoper-

atively, which reached to 48.97 +4.28 cm within 12 months
of EICE surgery. The rate of increase ranged from 3.5% to
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12.5% (7.02 +2.48). The difference between the preopera-
tive and postoperative circumferences was statistically sig-
nificant (P value <0.0001).

According to the surgery records, the thickness of skull
had abnormally were increased in all patients, being 2.5 cm in
the thickest parts. The thickness was obviously higher in
the posterior sections. However, objective measurements of
thickness were not recorded.

Postoperative complications

According to data extracted from the files, all 16 patients
underwent intraoperative transfusion and 11 cases (68.7%)
needed postoperative transfusion. No new seizure or neuro-
logical deficits were detected during postoperative period.
One patient (case#16) developed postoperative pulmo-
nary edema which was successfully managed. None of the
patients needed further shunt revision or extra interventions.
Wound dehiscence occurred in 3 patients, indicating wound
closing tension and potential need to tissue expanders allow-
ing for better closure at the wound edges. There was no intra
or postoperative mortality in this series.

A case of shunt independence

One female patient (case#11) with persistent symptoms
despite several shunt revisions was planned for EICE sur-
gery. However, she developed shunt infection in the last
shunt surgery and the parents refused a new shunt implan-
tation. She underwent EICE surgery followed by close observa-
tion in ICU for any sign of intracranial hypertension. The
symptoms recovered and she remained shunt-independent
in 5-year follow-up.

Discussion
History

Pappas in 1963 cited that post-shunt craniosynostosis is a
consequence of successful CSF diversion [19]. The very first
description of subtemporal craniectomy after multiple ven-
tricular catheter revisions in small ventricles was published
in 1974 by Epstien [15]. The term “cephalocranial dispropor-
tion” was initially coined by Hoffman in 1976 to describe
acquired Chiari-like anomaly long after CSF shunt insertion
[20]. Hyde-Rowan used the term “slit ventricle syndrome”
in a paper describing re-expansion of small ventricles fol-
lowing insertion of high resistance valves and anti-siphon
devices [21]. Afterward, multiple lines of evidence were
published to demonstrate the pathophysiology of slit ven-
tricles, shunt-related craniosynostosis, and craniocerebral
disproportion.
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In addition to sutural fusion, calvarial thickness has been
a matter of interest since the introduction of CSF shunts
[22]. Moseley designated the term “hyperostosis cranii ex
vacuo” to differentiate ubiquitous calvarial thickening due to
shunt insertion, in contrast to hyperostosis frontalis interna
[23].

SVS spectrum and craniocerebral disproportion

SVS is an important and hard-to-treat late complication of
CSF shunting in early childhood. Episodic headaches in
patients harboring CSF shunts with small ventricles on neu-
roimaging comprise the clinical definition of SVS. Although
many shunted patients may develop slit-like ventricles, the
rate of symptomatic slit ventricles remains low [1]. In his
breakthrough study in 1993, Rekate suggested that SVS
could be divided into five clinical entities, requiring differ-
ent therapeutic approaches [24]. These five clinical presenta-
tions included low ICP phase, intermittent shunt malfunc-
tion, elevating ICP with non-functioning shunt, elevating
ICP with functioning shunt (the so-called craniocerebral
disproportion), and headache unrelated to shunt function.
Over the next years, multiple theories have been proposed
about the clinical and pathophysiological spectrum of SVS.
Siphoning, ventricular collapse and CSF isolation, acquired
craniocerebral disproportion, and venous congestion are
among the main theories described [25].

The fourth entity of the above-mentioned spectrum, “ele-
vating ICP with functioning shunt,” is defined as “crani-
ocerebral disproportion” [22], which may compromise
interior cranial volume and cause intracranial hypertension
due to post-shunt craniosynostosis and calvarial thickening.
Hence, different expansile surgeries have been developed to
address this pathology [26].

Conventional methods of treatment

Diverse therapeutic approaches used for SVS with or without
craniocerebral disproportion can imply to elusive pathophysi-
ology of this problem. Sandler et al. summarized the therapeu-
tic methods into two broad categories: drainage procedures
and expansile procedures [26, 27]. Rekate proposed different
therapeutic approaches for five clinical subtypes of SVS. Low-
pressure headaches may respond to antisiphon device insertion
or higher valve resistance. Cisternal or lumbar shunts may be
an option for intermittent ICP rises, while antisiphon devices
or upgrading the valve resistance may be applied in this sub-
category. Persistent high ICP may denote either true ventricu-
lar catheter obstruction, for which shunt revision is required,
or craniocerebral disproportion. Insertion of a new shunt in a
less collapsible area (lumbar, cisternal) and various expansile
techniques are the options available for the latter. Such “expan-
sile” procedures aim to increase the internal cranial volume
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either by bone removal (such as foramen magnum decompres-
sion, suturectomy, or subtemporal craniectomy) or by cranial
vault remodeling (as cranial morcellation). The last category
includes headaches unrelated to ICP and shunt function, which
can be treated with anti-migraine therapy [24].

Normally, brain is entrapped in a fixed-size container
with minor compliance to overpressuring events such as
catheter closure, leading to accumulated pressure inside the
brain parenchyma and CSF. Calvarium opening can increase
the expansibility of inner contents and avert the compres-
sion of vital neurovascular structures (e.g., optic nerve) and
devices (proximal VP catheter) by limiting the frequency
of ICP fluctuations [15]. Lower rates of post-decompression
shunt obstruction, as observed in the current series and other
reports, are the clues of such hypothesis. Since expansile sur-
geries increases the compliance of intra-axial structures and
decreases the frequency of both hypotensive and hypertensive
events [ 14, 28], headaches are usually relieved postoperatively.

A relatively new decompression technique, distraction
osteogenesis, proposed by Hirabayashi et al. in 1998, uses
gradual distraction to correct primary craniosynostosis [17].
Later, Park et al. apply this technique to treat post-shunt
craniosynostosis [18]. Even though, such technologies may
not be easily available in lower resource countries and modi-
fications of the conventional expansile procedures are still
demanded in these areas.

External-internal cranial expansion

This study evaluated the effects of EICE method, as a com-
bination of multiple-strut hinge decompressive craniec-
tomies and internal cranial flap thinning by drilling. The
main purpose of this approach was addressing both suture
synostosis and skull thickening to achieve a notable increase
in the internal volume of the calvaria. In our experiment,
considering the mean preoperative and postoperative head
circumference of 45.78 and 48.97 cm, the radius of the skull
would be 7.29 cm and 7.79 cm, respectively. Hence, it can be
inferred from the estimated values that, after 12 months of
EICE procedure, the radius of calvaria increased by 0.5 cm
on average. Accordingly, the calculated preoperative and
postoperative volume will be 1,622.8 cm? and 1,980.0 cm?.
Nevertheless, as the calvarium is not a complete sphere, the
estimated volumes are not presentative of the accurate vol-
ume of calvaria. Yet, the ratio of preoperative to postopera-
tive estimates can be applicable, indicating 20% increase
in volume. Theoretically, 20% increase in cranial volume
would result in 20% decrement of ICP (Fig. 3). Apart from
sophisticated calculations of the diameters and volumes,
a well-stablished philosophy is that at least some extents
of reducing ICP roots in disrupting the integrity of the
closed “box” of skull. Indeed, these calculations need to be
validated through volumetric studies. Even though, in this

Preoperative Postoperative

=>

HC =48.97 cm
r=7.79 cm
V=1,980 cm3

HC=45.78 cm
r=7.29 cm
V=1,622.8 cm3

Fig.3 The mean head circumference increased from 45.78 to 48.97 cm,
with external-internal cranial expansion. Accordingly, the calculated
mean preoperative and postoperative radius of the skull would be
7.29 cm and 7.79 cm, respectively. Consequently, the mean calvarial
volume would have increased by 20%

series, routine postoperative brain CT was not performed to
avoid extra irradiation in growing children.

Substantial improvement of headache and visual impair-
ments, estimated increase in the head circumference, and no
major morbidity or mortality in this series indicate that EICE
modification could be a potentially effective alternative in
patients with post-shunt craniosynostosis. Post-operative
optic atrophy was observed just in patients who had irrevers-
ible preoperative optic nerve damage which led to perma-
nent visual impairment, highlighting the importance of close
observation and on-time interventions for at-risk patients.
The procedure resulted in shunt independence in one patient,
so can be considered a potential alternative for repeated shunt
revisions in some cases of sever SVS and recurrent sympto-
matic shunt obstruction. Nonetheless, to be suggested even
in thoroughly selected patients, this approach needs to be
evaluated in higher number of patients under ICP monitoring.

Limitations, strengths, and future perspective

The current series revealed safety and efficacy of EICE method
for post-shunt craniosynostosis over 12 months of follow-up.
Even though, this study is subject to several limitations, includ-
ing inherent drawbacks of the retrospective design. Moreover,
the sample size is too small and heterogenous. Patients of differ-
ent ages and preoperative conditions were included, while clini-
cal response, postoperative course, and changes in the diameter
and rate of head growth may vary by age. Postoperative neuro-
imaging and volumetric studies were not routinely performed
for objective measurements of the internal diameter of skull
and size of ventricles. Intraoperative measurements of cranial
flaps thickness were not available. Postoperative assessments
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were evaluated just for 12 months after surgery, while long-
term growth indices may have a different course, particularly
when patients are at different ages.

Post-shunt craniosynostosis is a rare and late consequence
of VP shunting. In the current series, we tried to evaluate
the safety and efficiency of a modified expansile surgery in
a low-resource setting where access to newer less invasive
techniques is limited. Further efforts with larger sample size
and longer follow-up, using volumetric studies and objective
intraoperative and postoperative measurements, can better
delineate all positive and negative aspects of this approach.

Conclusion

External-internal cranial expansion can be considered a
safe and potentially effective intervention for patients with
post-shunt craniosynostosis. This approach can expand the
intracranial volume, increase the pressure buffering capacity
of brain, decrease the ICP fluctuations, and improve the lon-
gevity of VP device. Although this approach can be suggested
as a promising alternative where other modern techniques are
not accessible, there is still need for future studies on other
technical aspects and safety measures.
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