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Abstract

Purpose Chiari 1 malformation (CM1) is a well-known association with complex craniosynostosis (CC), while it has been rarely
reported in association with monosynostosis. The aim of the present study is to investigate on the association between CM 1 and
untreated sagittal synostosis (USS).

Method The study included 48 cases of sagittal synostosis (SS), untreated for misdiagnosis and associated with CM1. The
children were firstly diagnosed for CM1 by MRI (mean age 9) than for SS (mean age 10.5) by three-dimensional computerized
tomography (3D-CT), which documented the absence of the sagittal suture, in the presence of residual indentation of all the other
sutures. Syndromic cases were diagnosed by clinical evaluation and molecular studies.

Results Of the 48 children harboring CM1 plus USS, 21 were asymptomatic for CM1 and are still on follow-up, while 27
children were operated for syringomyelia and scoliosis and/or occurrence of symptoms, three of them had an acute presentation
(two papilledema and one sleep apneas) and 11 children had a documented increase of preoperative ICP. Craniovertebral
decompression (CVD) was the first-line surgery in 24 children, 16 with duroplasty and five without and eight had also cerebellar
(CBL) tonsil coagulation. A cranial vault remodelling was firstly performed in three children. Fifteen percent of children
submitted to CVD needed a revision for cerebrospinal fluid (CSF) collection, while two needed both the supra- and infratentorial
decompressive procedure and another two needed a treatment for the associated hydrocephalus.

Conclusions The present study identified an USS in 27 (15.5%) of 174 CM1 children operated for a symptomatic CM1. We
suggest to define this association CM1 plus USS, a new subtype of complex CM1. For the high percentage of complications and
multiple procedures needed to solve the CM1, we advise to identify by 3D-CT scan these children before performing CVD. Our
finding suggests also that, if left untreated, SS may lead to the delayed occurrence of a challenging subset of CM1.

Keywords Sagittal synostosis - Cranioplasty - Chiari 1 malformation - Craniosynostosis - Intracranial pressure - Developmental
delay

Introduction

There is a wide literature concerning Chiari malformation type
1 (CM1) associated with complex craniosynostosis [22]. The
pathogenesis of this association is multifactorial and is well
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documented in some studies [1, 28, 3, 14]. The coexistence of
low cranial volume, venous engorgement, hydrocephalus, and
small posterior fossa [3, 24], due to precocious lambdoid ste-
nosis, all contribute to early onset of a symptomatic CM1.
Consequently, the great majority of CM1 associated with cra-
niofacial syndromes are diagnosed and treated in infants. In
less severe cases, CM1 may occur later on, with subtle
presentation.

The timing of occurrence and the percentage of CM1 in
complex craniosynostosis varies in function of the severity of
volume constrain, and it depends on the syndrome, ranging
from 70% in Crouzon and Pfeiffer and reaching 100% in the
cloverleaf skull. Due to the abnormalities in venous drainage,
the classical craniovertebral decompression (CVD) may be a
high-risk procedure in these settings [29, 17]. Some authors
proposed the posterior cranial vault expansion by osteo-
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distraction aimed to increase supratentorial volume for CM1
treatment/prevention as specific procedures for complex cra-
niosynostosis [25, 16].

Up to now, there are just a few reports about the association
of single synostosis with CM1 [8, 11, 23, 24, 26]. The present
article focuses on cases of CM1 in which the clinical obser-
vation documented a previously unknown/untreated associat-
ed cranial deformation, which led to the diagnosis of an asso-
ciated craniostenosis. In specific, the CM1 has rarely ever
been considered as a possible complication of an untreated
sagittal synostosis (USS), despite it has been already reported
by a few case series [23, 24] .

Driven by the observation of CM1 in a couple of 11-year-
old twins with USS, starting from 2008, we performed a “bot-
tom-up” research, reviewing our large series of CM1 in pedi-
atric population to identify the SS untreated in early infancy
that caused the occurrence of CM1. This association offers
some interesting insights on the interrelationships between
the SS and CM1, on the treatment for CM1 plus USS complex
and on the indication for surgery in SS [23].

Methods

We routinely performed a cranial vault 3D-CT scan in every
child or adolescent with CM1 with a dolichocephalic skull
deformation to evaluate the absence of the sagittal suture,
suspecting a link between untreated SS and CM1.

The cases included in the present study were selected in
a series of 636 children, with a diagnosis of CM1 obtained
by magnetic resonance imaging (MRI). They were clini-
cally evaluated between 1998 and 2018 at the Fondazione
IRCCS Istituto Neurologico Carlo Besta (FINCB) of
Milan by the same team of pediatric neurosurgeons and
pediatric neurologists.

If a child met the clinical criteria of dolichocephalic skull
deformity, a 3D-CT scan was performed. 3D-CT protocol includ-
ed axial volumetric acquisition (thickness 0.8 mm; increment
0.3 mm; pitch 0.688 mm; rotation time 0.75 s; collimation
16 x 0.75; mAs/slice 300; kV 120; FOV 250 x 250; matrix
512 % 512) and subsequent reconstruction algorithms for bone
and soft tissues. This exam clearly identified if the SS was absent
or physiologically closed (previously patent) (Fig. 1).

MR protocol included sagittal T1-weighted images (w.i.),
axial and coronal DP and T2 w.i., and a flow-sensitive phase-
contrast (PC) technique to qualitatively assess cerebrospinal
fluid (CSF) flow dynamics at the craniocervical junction. We
preferentially used a CSF flow velocity of 7 cm/s with in-
plane velocity encoding in the craniocaudal direction. The
entity of tonsils herniation was measured in millimeters using
the perpendicular line to the Basion-Opisthion line.

For each patient who was identified as affected by CM1
plus USS, the following data were collected: age at diagnosis
of CM1, the presence/absence of cervicomedullary kinking,
syringomyelia, hydrocephalus and craniovertebral junction
(CVJ) anomalies, age at diagnosis of SS, associated
malformations, age at time of surgical procedure, surgical pro-
cedures, outcome after surgical procedure, and duration of
follow-up. All patients with suspicious findings were submit-
ted also to molecular studies to roll out a syndromic cranio-
synostosis or other possible associated genetic disorders.
Finally, the Cranial Index was measured on CT scans, accord-
ing to the method recently reported by Sultan Z. Al-Shagsi [2]
was obtained.

In some recent cases with documented USS who deserved
surgical treatment, intracranial pressure (ICP) measurement
was performed during surgery [10]. The standardized proce-
dure of continuous ICP monitoring includes placement of a
solid sensor (Codman MicroSensor™, Johnson & Johnson,
Raynham, MA, USA) 1-2 cm into the brain parenchyma by
a minimal opening of the skull and dura [10].

Fig. 1 3D-CT (a) shows the absence of the sagittal suture in a 7-year-old
child (arrow). Sagittal T2-weighted image (b) shows scaphocephaly as-
sociated with Chiari 1 malformation with ectopia of the cerebellar tonsils
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in the cervical canal; subarachnoid spaces at the craniocervical junction
are narrow. Note in ¢ the normal appearance of the superior sagittal suture
in an age-matched child (arrow)
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Results
Neuroradiological findings

A total of 92/636 children (14%) showed dolichocephalic
skull deformity. The 3D-CT examination clearly
ascertained the 48 cases with a SS by the absence of the
suture, defined as true USS, from the dolichocephalic ones,
in whom a previously patent suture was documented by the
typical residual sew like indentation of the sagittal bone
(see Fig. 1). A previously unknown/untreated sagittal syn-
ostosis was found in 48/92, representing the 7.5% of the
whole CM1 series and 16% of the surgical cases. All chil-
dren had a reduced bi-parietal diameter, and many present-
ed the typical bulging in fontanel region, with retrocoronal
sinking at vertex. The Cranial Index of the 48 CM1 plus
USS is reported in Fig. 2. 3D-CT scans documented the
absence just of the sagittal suture (monosutural SS) in all
the cases, except one, which had also a very partial closure
of the right lambdoid suture (Fig. 3).

A ventricular enlargement was associated in 5 cases,
with the features of true hydrocephalus just in 2 cases
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(4%). A dilatation of the central canal was documented in
27/48 cases (56%): in 6, it was a mild dilatation of the
central canal, while in the remaining 21, a true syringomy-
elia was documented (Table 1).

The mean tonsil descent in the surgical group was
12 mm, while it was 5-6 mm in the non-surgical group.
In all the cases, both symptomatic and asymptomatic, the
MRI documented a reduced CSF flow at the craniocervical
junction and a compensatory pulsatile descent of the cere-
bellar tonsils was observed during systole (Fig. 4). Eight
children (16.3%) have been classified as CM1.5. They
were also submitted to dynamic CT, which excluded CVJ
instability in all of them.

Clinical pictures

The series is resumed in Table 1, showing the clinical and
radiological data.

A male prevalence (29/19) was observed. The mean
age at diagnosis of CM1 was 9 years, ranging from 4 to
18 years, while the mean age of diagnosis of SS was
10.4 years. In fact, SS was diagnosed at the same time

@ Cranial Index MALES
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Fig. 2 The Cranial Index Graphic of the whole series and the three projections 3D-CT demonstrating how the measures were performed
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Fig. 3 3D-CT (a, b) demonstrates complete closure of the superior
sagittal suture and partial closure of the lambdoid suture on the left
side. Sagittal T2-weighted image (c¢) shows Chiari I malformation and a
huge syrinx in the cervical spinal cord. Immediate MRI after second
craniovertebral decompression and cranial vault remodelling (d)

of CM1 in 30 children and after CM1 in 17 cases, with a
delay of 1 year in 7, of 2 years in 5 and of more than
3 years in the remaining 5, with a maximum of 17 years
of delay. Only 1 child had the SS diagnosis in infancy by
X-ray, but the malformation was left untreated, because
the surgery was retained too dangerous by the
pediatrician.

Signs and symptoms that led to the diagnosis of CM1
were various (Table 1): headache was prevalent (22,
44%), despite just 9 children had typical CM1 headache,
according to the international classification THS [15],
papilledema with visual deficit [4], scoliosis [3], sleep
apneas [2], gait disorders [1], drop attacks [1], and dizzi-
ness [1].

The diagnosis of CM1 was an incidental finding in 21
patients (43%): 3 children were asymptomatic (2 submit-
ted to MRI for head trauma and 1 for diagnosis of Alagille
syndrome), while the remaining had symptoms unrelated
to CM1 (2 Tics, 2 seizures, 2 macrocrania, 2 somatic
hypoevolutism). It is worth noting that 12 children were
submitted to MRI for a condition of intellectual disability
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demonstrating the syrinx reduction and the CSF collection at the convex-
ity. Finally, the sagittal T2-weighted image (e) at control MRI 3 years later
shows of syrinx reduction and normal position of the tonsils and medulla
oblongata

of unknown aetiology and 1 for behavioral disorders. In 4
children, an associated growth hormone (GH) deficiency
was identified and treated by supplementation.

In addition to the child affected by Alagille syndrome,
the clinical and genetic evaluation identified 21 children
with clinical syndromes, despite having just the isolated
SS closure; in 19, a syndrome was excluded, and in 8, there
were no suggestive clinical elements for a syndromic diag-
nosis. The clinical conditions and the genetically deter-
mined syndromes are reported in Table 1.

Neuropsychological testing documented mental delay in
14/48 cases, 12 of mild and 2 of mean severity. Two chil-
dren had autistic spectrum diseases.

The 21 children, who were considered asymptomatic
for CM1 and had no significant syringomyelia, were
submitted to control craniospinal MRI every year. The
mean CBL tonsils descent in this group was 5 mm, and
a minimal dilatation of the central canal was present
just in 6/21 (28.5%). After a mean observation time of
4 years, none of them worsened, neither clinically nor
at control MRIL.
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Syndromic yes/not
associated diagnosis

Age SS
diagnosis
(years)

CM 1.5

Hydrocephalus Syringomyelia

CBL tonsillar
ectopia (mm)

Indication for MRI

Age CM1
diagnosis
(years)

Sex

PT

Table 1 (continued)

@ Springer

14
20

Headache

12
8
8

Female

46

Y, Alagille syndrome

To exclude moyamoya

Headache

GF Female

FL

47

22

Female

48

Syndromic: yes (Y), not (N), not assessable (—)
GH growth hormone, UA unknown aetiology

Surgical treatments

Table 2 shows the surgical data and the outcome. In 27 pa-
tients (56.2%), surgical treatment was indicated for CM1
symptoms and/or evolving scoliosis and/or enlarging syringo-
myelia. The age at surgery ranged from 4 to 19 years, with a
mean of 7 years.

It is worth noting that the mean descent of cerebellar (CBL)
tonsils in this surgical group was 12 mm. A syringomyelia
was present in 21/27 (77.7%), alone or associated with scoli-
osis [3] or symptoms (visual deficits, dizziness, bulbar signs,
sleep apneas, typical headache, gait disturbances).

In all symptomatic cases, the neurological deterioration
once started, became rapidly progressive within a few months.
Three children had an acute onset: 2 with papilledema and
visual loss and 1 with sleep apneas.

As the first surgical approach, 23 children were submitted
to a CVD, without dural opening in 5, with duroplasty in 10,
and with tonsil coagulation in 8 cases.

CVD was performed by the same surgeon, with the same
technique: in prone position, a small suboccipital craniectomy,
widely extended at the foramen magnum, was associated with
C1 laminectomy; under magnification, a dural longitudinal
incision made on the midline was performed at the level of
craniovertebral junction, trying to preserve the arachnoidal
plane. The CBL tonsils were coagulated to obtain the shrink-
age in 8 cases, due to their too low position or to their extru-
sion through the dural opening secondary to the increased
intracranial pressure (ICP). Finally, an allograft rhomboid
duroplasty was tightly closed with an unreasonable 5 or 6
zeros continuum suture.

Two children had an associated symptomatic hydrocepha-
lus: 1 case was treated by VCS, while the other, a 15-year-old
boy who presented with an acute visual loss and clinical signs
of raised ICP, needed a shunt, because of failure of the VCS
controlling increased ICP despite a good flow documented at
cine-MRI; consequently, a programmable shunt was im-
planted, then a CVD was performed; a permanent low pres-
sure setting (< 90 mmHg) of the shunt was needed to preserve
the minimal residual visual acuity. The permanent visual im-
pairment in this case was explained by the concomitance of
long-lasting increased ICP with entrapment of CSF in the
optic nerve sheets, due to narrow elongated optic canals.

Three patients needed a revision of the duroplasty for CSF
leak and recurrent collections, which represented 15% of
CVD with dural opening (3/19).

When the first surgery failed controlling symptoms or sy-
ringomyelia, another surgical option was offered. Up to now,
multiple surgeries were performed in 2 cases.

The first of them, a 7-year-old child after a first CVD with
duroplasty had a limited ascent of the tonsils and a relevant
residual syringomyelia was still evident at the second year con-
trol MRI; a redo CVD surgery was performed, extending the
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Fig. 4 Sagittal T1-weighted im-
age (a) and MRI CSF flow study
(b) demonstrate Chiari I malfor-
mation associated with a mild
retroflexion of the dens, associat-
ed with small
hydrosyringomyelia in C4-C5.
Note in b the absence of normal
CSF pulsatility in the Silvio’s
aqueductus and in the retro-
tonsillar subarachnoid spaces.
3D-CT (c) and sagittal T1-
weighted image (d). Image ¢
shows superior sagittal synosto-
sis; image d shows Chiari 1.5
malformation with basilar invagi-
nation. Note the small posterior
fossa with downward displace-
ment of the cerebellar tonsils and
distortion of the medulla
oblongata

craniectomy more laterally at the foramen magnum, coagulating
and resecting the CBL tonsils; afterwards, he had recurrent CSF
collections, unresponsive to subsequent surgical revision, proba-
bly due to an increased ICP. Trying to solve the problem, poste-
rior cranial vault expansion was performed, causing a diffusion
of the CSF collection along the wide area of cranial vault dissec-
tion. The problem was solved positioning a subgaleo-peritoneal
programmable shunt, which was progressively closed and finally
removed 1 year afterwards. Since these observations of indirect
signs of increased ICP, due to the intracranial craniocerebral dis-
proportion, we changed our strategy in children with CM1 asso-
ciated with USS (Fig. 3).

Firstly, we started routine intraoperative ICP measurement.
Up to now, 11/27 children had a documented increase of ICP:
the mean pressure measured before surgery was 19 mmHg
(ranging from 10 to 24 mmHg); these intraoperative results
before CVD are reported in Table 2. The pressure temporarily
dropped after duroplasty, to rise again after surgery and remain
so in the first postoperative week. Afterwards, the ICP pro-
gressively normalized in all the cases and ICP measurement
was stopped in a few days. In order to prevent CSF collection,
a compressive bandage was maintained for a couple of weeks
in all the cases.

Secondly, whenever possible according to age and skull
conformation, we performed a cranial vault remodelling

before CVD. This procedure was aimed to increase the skull
volume, to reduce the competition for space between brain
and CBL, mimicking the effects of osteo-distraction tech-
niques for complex craniosynostosis (Fig. 5). The classical
osteodistraction procedure has the effect of “elongating the
skull” and consequently is not suitable for the USS.

We performed a complete cranial vault remodelling, by a
zig-zag bicoronal approach, using a personal free flaps tech-
nique, extended also on the sagittal area to favor vertical and
wide expansion (Fig. 6).

The policy “Cranial Vault Remodelling first” was applied
in the last 4 cases, respectively, 4, 5, 7, and 11 years old. In one
case, the CVD was performed a few weeks after the
cranioplasty, due to the persistence of a symptomatic syringo-
myelia; this is the second child submitted to a double surgery,
aimed to enlarge both supra- and infratentorial volumes.

Surgical outcome

At a mean follow-up of 5 years (min 1, max 16 years), 26/
27 operated children were evaluable. All of them, after
completing their surgical path, had benefit on preoperative
symptoms, except the aforementioned detrimental visual
function, which just stabilized; this child improved by all
the other point of views.

@ Springer



Childs Nerv Syst (2019) 35:1741-1753

1748

AWO0)SOUINSIO-O[NOLHUSA PIIY) 91d0SOPUL §)A ‘Fununys [eou0ILId-O[NIINUIA S A ‘QUBIqUIdW [eprouyoere Sura1esard ‘AisejdoInp e s pajeIoosse ased AIOA UI ‘UOISSIdWOdap [BIGOIISAOIURID (TAD

SS 1801 0 SuT[fopowal dAISURdXS JneA [erueId :K)sejdorueo duelquIow [eprouyoele o) Jo Suruado Aq ‘UONE)dIE0D JIOY) UTE)O 0) S[ISUO) JB[[2qaId0 JO UonenSeod :5eo)) S[Isuo],

paonpay poon - - - Kiseidoruer) + ¥ R a0 LT
paonpoy poon 8T - - Kiserdoruer) + 11 SN M 9T
- poon - - - Kiserdoruer) - € e 0 ST
PPy pooS Ajreniug - - AQD Ald + v orweg s ¥z
- pooH - - - auoq AJuo qAD - 4! SN WD €C
padnpay pooS Ajpeniug - - - 80D S[ISUOL ‘AAD + 9 opwdf  [Dd T
paonpay pooH - - - 8e0)) S[ISUOL ‘AAD + Sl dlewd] k! 1T
paonpay pooH €C - - aad + 61 SN an 0T
paonpay poon - - - auoq A[uo qAD + 9 Jlewo | O 61
padnpay pooH - - - auoq A[uo GAD + 11 SN al 81
paonpay poo3 Afrentug - - - aad + S N VIN LI
padnpay poonH Ll - - 8e0)) S[ISUOL ‘AAD - 6 SN Nd 91
paonpay pooH 0l - - auoq A[uo qAD + €l d[ewd | od Sl
paonpay pooH €C - aAd Kserdoruer) + L S[eN DN 4!
paonpay pooH - - - auoq AJuo qAD + 0l dleto | SO €l
RN poo3 Arentug 91 - - aAad + 9  opewdy Vs U
padnpay poo3 Ajrentuy 94 - - aad + 71 dleto| Sd 11
- pasoxduwit ewopafjideq 07< - - B0 s|ISuoL, ‘QAD - 6 e AN 01
- Ioneg SAS - SUoIsIAL ¢ 880D S[ISUOL ‘AAD - 61 SEIN W1 6
ogeyuLyg poon - - - 8e0) s[ISU0L, ‘AAD + S SN VOd 8
ageyuLIyS pooH - - POMIIATY dAD + €l eI dd L
oFeyuLys PpaAowI JUNYS ‘poon) Ggz< junys Ajsejdoruer) 3eo) s[Isuoy, POMIIAI A[QNOP ‘AAD + L ARIN JS 9
ogeyuLyg poon - - - aad + I QI AN S
ogeyuLys poon - - - 80 S[ISUOL ‘AAD + zl QA aAa 14
ageyuLIyS pooH - - - 8e0) S[ISUOL ‘AAD + 4! dlewo,| A €
- SSO[ [eNSIA [eNPISaL ‘POOD) pasealduf - daAd SdA ‘LDA - Sl SeIN 1A C
dn mofjoy 011507 poo3 Afrentug - - - aad + L1 QLA SO I
Qw000 (s180K) A103IMS
BI[OAWOTULIAS QUWIOJNO TYA/[BITUID dDI A1o3ms pary ], K193IMSs puodag A103ms 1, doaxd xuLAg 1811y 93y pelN 1d
owodno aanerodoysod oy pue eyep [eOISINS oY) SMOYS :BJep [B013INS d|qel

pringer

Qs



Childs Nerv Syst (2019) 35:1741-1753

Fig. 5 Post-surgery 3D-CT re-
construction demonstrates the ef-
fects of cranial vault remodelling
by the free flaps technique: this
remodelling, which increases
both the wide and the vertical di-
ameter, was performed before
CVD to obtain increased skull
volume, so reducing competition
for space between the brain and
CBL

The control MRI showed a restoration of normal posterior
fossa CSF flow and an upward migration of CBL tonsils in 23/
27 and a stable picture in the remaining 4. Among the 20
evaluable children harboring a syringomyelia, 17 (85%)
displayed a shrinkage while 3 remained stable at mean term
follow-up (Fig. 7).

More in detail, the cranial vault remodelling addressed to
USS was performed in 5 children. In 2 cases in addition to
CVD (1 after and 1 before): both experienced good clinical
and radiological results, with shrinkage of the syringomyelia
and disappearance of symptoms (Fig. 3e). The remaining 3 are
still under evaluation: 2 are stable at MRI and the third, after a
good initial response, displayed recently a late worsening
6 years after first surgery.

It is worth noting that other 4 cases displayed this biphasic
response. After an initial favorable clinical and MRI outcome,
a delayed radiological worsening was observed in 5 children
(respectively at 10, 8, 7, 6, and 3 years after first surgery),
characterized by recurrence of tonsil descent and reappearance
of syringomyelia, associated with clinical symptoms in 3/5
children (Fig. 8).

Discussion

The present study identified a subset of CM1 children, asso-
ciated with USS, characterized by early onset of symptoms,
high percentage of increased ICP, and mental delay. CM|1 plus
USS had high frequency of surgical complications after CVD
and a low efficacy of CVD alone controlling symptoms and
syringomyelia.

While there is a wide literature concerning the occurrence
of CM with complex craniosynostosis, there are just a few
reports about the association of monosynostosis with CM [6,
11, 20]. Some authors reported a very low incidence (1.1%)
[11], but a recent study reported an increased incidence of
CM1 in a large series of ISS, especially with delayed diagno-
sis and treatment (5.7%) [8].

In our series of CM1 children, the association with SS was
observed in a significant percentage, especially if more serious
surgical cases are taken into account (15.5%), reinforcing the
suspicion of a cause-effect relationship between SS and CM1.

The pathogenesis of CM1 in SS has been explained by the
downward compensatory cranial growth, which causes a
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Fig. 6 3D-CT (a, b) and Sagittal T1 weighted image (c¢) show
pansynostosis, small posterior cranial fossa with tonsils ectopia,
medulla oblongata kinking and empty sella secondary to endocranial
hypertension. 3D-CT (d, e) show the anterior vault cranioplasty and
craniovertebral decompression (CVD). The cerebellar tonsils are at the

constraint to the posterior cranial vault vertical expansion,
resulting in a posterior fossa smaller than normal [11]. The
reduced supratentorial volume contributes to downward
CBL migration (Fig. 9), directly or through the increase of
ICP, probably also related to the venous hypertension due to
superior sagittal sinus constriction in the bony groove [9].
These pathogenetic mechanisms, which progressively en-
hance their effects along growth, may explain the delayed
occurrence of CM1 observed in the present series of USS, if
compared with the young age of presentation observed in
complex craniosynostosis: in CM1 plus USS symptoms that
occurred during school age in the great majority of cases. It
could not be incidental that the youngest child of the series
presented beside the SS also a partial lambdoid closure (Fig.
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level of the foramen magnum and the kinking of the medulla oblongata is
less evident (f). However note in F the presence of a large syrinx. After I1
surgical intervention of Cranial vault remodelling (g, h) the cerebellar
tonsils and the medulla oblongata position are normal and the syrinx is
disappeared (i)

3). The posterior fossa condyle asymmetry due to the
lambdoidal stenosis probably contributed with the syrinx
and to the early occurrence of the rapidly progressive scolio-
sis. In this specific case, the almost double suture closure
contributed to the early occurrence of symptoms, behaving
somehow half way between isolated and complex
Craniosynostosis.

An increased ICP was measured in the majority of surgical
cases when tested. This data explains the high percentage of
CSF collections (15%) in CM1 plus USS, quite more relevant
than the figures of the global CM1 series (< 5%), treated by
the same surgeon, with the same technique [30].

In the meantime, the increased ICP may play a role in the
development delay observed in 30% of this CM1 plus USS



Childs Nerv Syst (2019) 35:1741-1753

1751

Fig. 7 Sagittal T2 weighted
image performed before (a) and
4 years after operation (b), in a
child affected by CM1 plus SS,
operated by CVD at 10 years of
age; the picture shows the
complete shrinkage of the syrinx,
associated with normalization of
clinical picture, and the benefit
remained the same al late control,
8 years after

series, which is higher than the figures reported for ISS. One
limitation of the present study is the lack of a genetic study for
ERF mutation, frequently associated with increased ICP, but
due its rarity, especially in association with monosynostosis,
its occurrence is unlikely possible in all the cases of the pres-
ent series associated with increased ICP [13, 8].

Moreover, the long-term efficacy of CVD on symptoms
and syringomyelia was lower than figures reported by the
same technique performed by the same surgeon on CM1 chil-
dren [30]. Finally, 5 cases presented a biphasic outcome, char-
acterized by an initial prolonged improvement, followed by a
delayed recurrence of syrinx and symptoms, an uncommon

behavior in CM1 treated by this technique (Fig. 8). This out-
come suggests a double causal factor (competition for volume
and small posterior fossa), both needing a surgical treatment,
one by cranial vault remodelling and the other by CVD.

It is clear that the best prevention of CM1 plus USS would
have been a timed and efficient SS correction. So far, it is still
not clear up to which age cranial vault remodelling alone may
prevent the restriction of posterior fossa, causing CM1 and
syringomyelia: 3 children submitted firstly to cranioplasty
are still on evaluation, while 2 cases submitted to both proce-
dures are doing well. It is likely that, once CM1 due to USS
becomes symptomatic, both procedures are needed to revert it.

Fig. 8 Showing the “double-phase” outcome: sagittal T2 weighted

images performed before (a) and 5 years after surgery (b), in a child

affected by CM1 plus SS, operated by CVD at 6 years of age; the
picture shows the disappearance of the pre-syrinx and the tonsils ascent.

The 10-year postoperative MRI (¢) showed the reappearance of CM1,
with tonsils descent and occurrence of asymptomatic syringomyelia. The
associated USS was suspected and confirmed by a 3D-CT at this time
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Fig. 9 Resumes the pathogenetic
mechanisms of CM1 due to USS:
the posterior and transverse skull
tightness (a) responsible for the
craniocerebral disproportion,
causes a conflict for space
between the brain and the
cerebellum, evidenced by the
caudal displacement of the
tentorium (c). The associated
downward compensatory cranial
growth results in a posterior fossa
smaller than normal (b). The
venous hypertension due to
superior sagittal sinus constriction
in the bony groove (d) may also
contribute to occurrence of
symptoms, increasing the ICP

The advantage obtained performing cranial vault expansion
before CVD is to reduce complication rate after CVD.

Last but not least, the present observation offers some sug-
gestions in favor of functional aim of SS correction. In fact,
the role of surgical correction SS is still matter of debate, as
well as the technique, due to the difficulties comparing the
long-term aesthetical and functional results. The cosmesis is
hard to objective and quantify, and the long-term cognitive
outcome may be influenced by many variables that are fre-
quently difficult if not impossible to ascertain.
Neurodevelopmental studies highlighted that SS is associated
with an increased risk for mild but persistent deficits in atten-
tion and processing speed, learning, memory, speech and lan-
guage, and visuospatial abilities [4, 12, 5, 7, 18, 19, 21, 27].
However, there are limited data about the factors, both intrin-
sic (e.g. presence and duration of raised intracranial pressure,
associated brain abnormalities, presence of gene mutations)
and extrinsic (e.g. patient’s environment, socioeconomic
background, age at surgery, type of surgical intervention) that
influence the neurodevelopmental outcome [8]. Due to this
uncertainty, balancing the operative risks versus natural histo-
ry, some authors even questioned the indication for surgery in
SS and others stated that it has just a cosmetic aim [18].

The present series of CM1 plus USS gives some clues
about natural history of ISS: if left untreated, SS carries the
risk to develop a symptomatic CM1, associated with increased
ICP and hard to treat by CVD alone. Consequently,
cranioplasty for ISS has the functional meaning to prevent
the occurrence of these events. Based on our observation,
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different surgical techniques for ISS correction should be eval-
uated at long term, not only by their cosmetic results, but also
by their functional effects, as their capability to prevent the
occurrence delayed CM1.

Conclusions

The present study identified a subset of CM1, associated with
USS, which is challenging both at presentation, with a rapidly
progressive neurological deterioration, and at treatment, due
to the high ICP associated. We advise identifying this complex
CM1 subset by 3D-CT scan once observing a dolichocephalic
deformation in a child with CM1. If asymptomatic, CM1 plus
USS deserve a careful clinical follow-up and sequenced RM
to rule out occurrence of syrinx and hydrocephalus, which
may have catastrophic effects on vision. Once symptomatic,
it deserves prompt surgery; peri-operative ICP monitoring
could be useful identifying cases that eventually need cranial
vault expansion. Cranial vault remodelling as the first choice
may be taken into account, despite advanced age at diagnosis
can make it a major procedure.
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