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Abstract

Cloverleaf skull deformity or Kleeblattschadel syndrome is a severe condition where multiple cranial sutures are absent
and prematurely fused, leading to a trilobate head shape. The remaining open sutures or fontanelles compensate for rapid
brain expansion, while the constricted fused calvarium restricts brain growth and results in increased intracranial pressure.
Recent data show that early posterior cranial and foramen magnum decompression positively affects infants with cloverleaf
skulls. However, long-term sequelae are still rarely discussed. We hereby report a child who developed secondary metopic
craniosynostosis after posterior cranial decompression, which required a front-orbital advancement and cranial remodelling

as a definitive procedure.
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Introduction

Cloverleaf skull deformity or Kleeblattschadel syndrome is
the most severe form of multisuture craniosynostosis. The
condition presents as a trilobar head shape resulting from the
brain expansion through the remaining open sutures or fon-
tanelles after abnormal early fusion of multiple sutures. This
results in brain growth restriction and impending increased
intracranial pressure. Literature shows that patients with this
particular condition consequently have delayed development
and multiple issues, including hydrocephalus, Chiari I mal-
formation, compromised airways, and eye proptosis [1-4].
Early cranial decompression has recently been shown to
have a significant role in alleviating the raised of intracranial
pressure (ICP) and increasing the intracranial volume. Poste-
rior calvarial remodelling, whether reshaping, distraction [5],
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or decompression procedures [6], has been proposed and shown
remarkable improvement. We have published a case series show-
ing early positive outcomes after posterior cranial and foramen
magnum decompression in infants with cloverleaf skulls [7].

Herein, in this report, we identified one case of cloverleaf
skull deformity that developed secondary metopic cranio-
synostosis after early posterior cranial decompression, where
the metopic suture was previously patent. The child devel-
oped secondary trigonocephaly, resulting in an early front-
orbital reshaping procedure.

Case presentation

A male infant from non-consanguineous Myanmar parents
with no family history of craniofacial disease was born
term at 37 weeks of gestational age. He was referred to
Siriraj Craniofacial Centre at the age of 1 month due to a
trilobed head with tense bulging of the anterior fontanelle
(Fig. 1). The overnight oxygenation monitoring showed
significant desaturations, and continuous oxygen treat-
ment was initiated. The physical examination also showed
receded supraorbital rims, bilateral eye proptosis, mid-face
hypoplasia, and bifid uvula. All hands and extremities were
unremarkable. The fundoscopy revealed no papilloedema.
The laryngotracheobronchoscopy revealed unremarkable
and no tracheomalacia.
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Fig.1 A, B, C Preoperative images demonstrating trilobar head
shape and multisuture craniosynostosis. The metopic suture is patent.
D Intraoperative posterior cranial decompression by wide craniec-
tomy and foramen magnum decompression. The dotted line shows the
area for foramen magnum decompression. E, F Postoperative images

The 3D CT showed multisuture craniosynostosis involv-
ing coronal, sagittal, and lambdoid sutures. Temporal lobes
were extruding through the splaying of the squamosal
sutures and bulging of the brain parenchyma through the
open anterior fontanelle, consistent with a cloverleaf skull
deformity. There was an effacement of subarachnoid spaces
and mild hydrocephalus. Further genetic testing by whole
exome sequencing revealed heterogenous c¢.278C > G muta-
tion with p.Ala93Gly of the SIX3 gene.

The child underwent lateral tarsorrhaphies for proptosis
eye management. The posterior cranial decompression by
wide craniectomy was performed along with foramen mag-
num decompression at the age of 2 months (Fig. 1). This
involved a meticulous dissection of the bony spicules pro-
jection into the dura, resulting in a wide bony excision from
just posterior to the fused coronal ring of sutures back to
and including the posterior rim of the foramen magnum.
The intraoperative blood salvage was used to reduce the
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4 months postoperatively show improved posterior cranial shape with
remarkable bone reformation and expanded posterior cranial fossa.
The fused metopic suture was observed with the upward and medial
deviation of the bilateral supraorbital area

transfusion to 35 ml. One month after surgery, the shape of
the head appeared rounder and more expanded posteriorly
(Fig. 2A, E). Despite this decompression, the hydrocephalus
has been progressive and managed by undergoing a pro-
grammable ventriculoperitoneal (VP) shunt 2 months after
the primary cranial surgery.

Follow-up CT at postoperative 4 months after primary
decompression (at 6 months of age) revealed remarkable
cranial expansion in the parieto-occipital area and improved
CSF space between the cerebellar and the brain stem. How-
ever, the fused metopic suture was observed with the upward
medially displacement of the supraorbital area (Fig. 1F).
The secondary metopic craniosynostosis with a prominent
metopic ridge and trigonal-turricephalic head shape was
revealed at the age of 13 months postoperatively (around
11 months after posterior decompression) (Fig. 2B, C, F,
and G). The boy’s development is progressively improving
and appropriate age.
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Fig.2 A, E One month after posterior cranial decompression. The
head shape looks rounder and fully expanded posteriorly. B, F Eleven
months after posterior decompression. It shows a metopic ridge and
trigonal-turricephalic head shape. C, D, G, H At 14 months after

Fronto-orbital advancement with remodelling was per-
formed at the age of 16 months. The supraorbital bar was
advanced 15 mm bilaterally, and the triangulated forehead
was reshaped. The prominent turricephalic shape was also
decompressed (Fig. 2D, H). Clinical follow-up is ongoing.

Discussion

Secondary craniosynostosis (SCS) is defined as a closure in
otherwise previously patent sutures following corrective cra-
nial vault surgery. It has been identified as between 10 and
30% in syndromic craniosynostosis children, while in non-
syndromic cases, it ranges from 0 to 80% depending on the
types and extension of the cranial operations [8]. Arnaud et al.
reported 10% of secondary coronal synostosis after primary
operation in sagittal craniosynostosis. However, only 1%
required secondary decompression due to increased ICP [9].

Unander-Scharin et al. reported 38% developing second-
ary coronal synostosis in the operated non-syndromic sagit-
tal craniosynostosis cases and suggested that the occurrence
of secondary craniosynostosis is linked to reduced growth
of the skull and increased ICP [10]. By contrast, Veca et al.
identified 8.8% rate of SCS. Similar to our case report, one
of the patients in their series developed pan-synostosis

primary surgery (16 months of age), the fronto-orbital advancement
and cranial remodelling were performed to correct the head shape and
expand the intracranial volume

1 year after posterior cranial distraction, which included the
metopic suture and required a secondary FOA to correct the
abnormal head shape [11]. Tahiri et al. identified 90% of
SCS in previously patent lambdoid sutures after posterior
cranial vault distraction. There was no association with the
age at primary operation, sex, or length of distraction; how-
ever, no patient developed distortion of the head shape and
required secondary operation [12].

Kim et al. published a review article that found that the
idiopathic SCS was around 3%. It is most commonly devel-
oped at the bi-coronal suture, followed by the sagittal and
uni-coronal sutures. Interestingly, the SCS developed in
most patients who underwent primary cranial surgery before
6 months. The average interval to establish the secondary
synostosis in previously patent sutures was over 18 months.
However, all secondary fused sutures were adjacent to the
abnormally fused ones that had been operated on [8]. In
our case, the secondary fused metopic suture was far from
the primary operating area leaving open the question of the
pathogenesis of the SCS.

Mechanical forces over the cranial suture have been
long-term proven as a factor in the cranial suture and bone
development [13]. Physiological changes in the pressure
and cerebrospinal fluid flow after cranial decompression
might be one of the significant causes of developing SCS.
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In syndromic multi-suture craniosynostosis, like cloverleaf
skull deformity, the constraining of the skull causes high
pressure on the calvarial-and-dura interface. After the cra-
nial decompression, the abruptly reduced tension at the dura-
calvarial interface occurs. Certainly in the murine model
shows that the posterior intrafrontal suture was still patent
after applying tension force across the suture. The experi-
ment showed a high proliferative and apoptotic activity with
increased TGF-beta levels at the open sutures [14]. Another
in vivo study in rabbits also suggested that cyclic tensile
and compressive forces over the premaxillomaxillary and
nasofrontal sutures induced remodelling and growth changes
in cranial sutures. The tensile or compressive forces are
transmitted as shear stresses and upregulate genes and gene
products responsible for sutural growth [15]. Moazen et al.
studied applying mechanical forces over the frontal bones of
Crouzon mice. The results showed that the skull shape was
morphologically normal rather than brachycephalic appear-
ance [16]. This thus suggests that sudden changes in tension
and compression force at the dura surface unbalancing the
osteogenic factors of the dura-suture interface would result
in osteogenic differentiation over previously patent sutures.

The cause of metopic craniosynostosis remains unknown
but is thought to be multifactorial [17], including underly-
ing brain malformation [18]. A review study proposed that
the abnormally small frontal lobe volume associated with
frontal stenosis and/or corpus callosum abnormalities would
increase the risk of neurocognitive problems in children with
metopic synostosis [19]. This suggests that the underdevel-
oped frontal lobe may be causal of synostosis of the metopic
suture. In our case, the posterior cranial decompression and
VP shunting create a large space posteriorly to allow back-
ward expansion. This, plus VP shunting, could reduce the
pressure for brain expansion anteriorly with increasing ten-
dency for the anterior sutures, including coronal and metopic
sutures, to fuse secondarily. In our current case, we noted
only the metopic suture was fused. In a previous report, it
was noted that secondary cranial suture fusions can occur
as a result of VP shunting [20]. The report also highlighted
that abnormal head shape can develop more than 7 months
after the shunting procedure. However, our current case
has shown an abnormal head shape at just 2 months post
VP shunt procedure, indicating the possibility of second-
ary metopic craniosynostosis, which may not be associated
with the shunting.

SIX Homeobox 3 or SIX3 gene has a role in vertebrate
and insect development or has been implicated in maintain-
ing the differentiated state of tissues (OMIM 603714). The
mutation of SIX3 has been reported to be associated with
holoprosencephaly, in which the forebrain does not properly
develop into two hemispheres [21]. Raam et al. reported 2
cases of holoprosencephaly who had metopic craniosynos-
tosis. However, those patients had no SIX3 mutation [22].
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To date, there is no reported association of SIX3 mutation
with craniosynostosis, particularly metopic synostosis, thus
favouring our case presentation being secondary to loss of
anterior brain drive following very early posterior cranial
vault decompression.

Conclusions

Later changes in previous patent cranial sutures can happen
after transcranial surgery. Early cranial vault surgery with/
without VP shunting in complex multisuture craniosynos-
tosis to idealise outcome requires close and ongoing moni-
toring to observe the secondary effects of the surgery—in
this case, the development of secondary metopic synostosis.
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