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Abstract
Background: Despite advancements in craniosynostosis 
surgery, open surgical approaches remain crucial for the 
management of infants >6 months of age and in those with 
complex synostosis. The clinical features of craniosynostosis 
remain poorly characterized in the Middle East. This study 
sought to assess the clinical features and outcomes of in-
fants undergoing craniosynostosis surgery at a tertiary care 
center in Lebanon. Methods: A retrospective review was per-
formed of all patients who underwent craniosynostosis sur-
gery from December 2006 to December 2018 at the Ameri-
can University of Beirut Medical Center, Lebanon. Clinicode-
mographic characteristics, complications, and recurrence 
outcomes were recorded and evaluated using descriptive 
statistics. Results: Thirty-five infants met the inclusion crite-
ria, with a mean age of 9.0 ± 4.0 months. The most common 
site of suture involvement was metopic (28.6%), followed by 
unilateral coronal (25.7%), sagittal (20.0%), bicoronal (8.6%), 
and multiple sites (17.1%). Five patients (14.3%) had syn-
dromic synostosis. Median estimated blood loss was 200 mL, 

and median volume of transfused packed red blood cells 
was 180 mL. Two patients (5.7%) experienced postoperative 
complications, including postoperative blood transfusion  
(n = 1)and wire protrusion requiring removal (n = 1). Three 
patients (8.6%) required reoperation: 2 (5.7%) for resynosto-
sis and 1 for traumatic fracture repair. Caregivers of all pa-
tients reported high satisfaction with cosmetic outcomes 4 
weeks postoperatively. Conclusions: With appropriate peri-
operative precautions, open craniosynostosis surgery can be 
performed with minimal complications, low recurrence 
rates, and satisfactory cosmetic outcomes. Additional popu-
lation-level data are needed to better characterize cranio-
synostosis patterns and outcomes in the Middle East.

© 2021 S. Karger AG, Basel

Introduction

Craniosynostosis is a condition caused by the prema-
ture fusion of one or more fibrous cranial sutures in in-
fants. It is estimated to affect 1 in every 2,000–2,500 births 
worldwide and may lead to significant craniofacial mor-
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phological abnormalities, as well as potentially detrimen-
tal neurologic and cognitive sequelae [1]. The most com-
mon site of involvement is the sagittal suture, followed by 
the coronal, metopic, and lambdoid sutures [2, 3]. De-
pending on the site of suture involvement, different cra-
nial abnormalities have been described in infants with 
craniosynostosis, including trigonocephaly, brachyceph-
aly, anterior plagiocephaly, posterior plagiocephaly, and 
scaphocephaly [4, 5]. Additional craniofacial abnormali-
ties are observed in infants with syndromic craniosynos-
tosis, where premature suture fusion occurs as a part of a 
larger constellation of anomalies [6]. These patients re-
quire more complex comprehensive management by 
multidisciplinary teams – often including orthodontic 
and maxillofacial surgery – and are at greater risk of re-
synostosis following surgical management [2, 7–9].

Optimal care for infants with craniosynostosis re-
quires a multidisciplinary approach, including special-
ized care from pediatricians, anesthesiologists, neurosur-
geons, and oral and maxillofacial surgeons [10]. Surgical 
repair of craniosynostosis is usually considered a central 
component of management; surgery can prevent compli-
cations such as intracranial hypertension and helps nor-
malize facial and cranial appearance for improved social-
ization [11, 12].

Surgical approaches include open craniotomy with re-
construction or endoscopic intervention. Open surgery is 
generally performed in infants between 6 and 12 months 
of age in the absence of signs of increased intracranial 
pressure [4, 13]. However, infants undergoing surgery are 
at high risk of significant blood loss and postoperative 
events requiring intensive care unit admission [14]. Giv-
en the potential morbidity associated with open craniot-
omy, endoscopy-assisted craniosynostosis surgery 
(EACS) was introduced in 1998 and has since been imple-
mented more widely for the treatment of select patients 
[15–17]. EACS has been associated with a reduction in 
estimated blood loss (EBL), transfusions, procedure 
length, and length of hospital stay compared to open sur-
gery [18–20]. However, the feasibility of EACS remains 
limited in infants >6 months of age and in those with 
complex or syndromic synostosis [4, 21, 22]. Open sur-
gery also provides wider possibilities for cranial vault and 
skull base remodeling, which is particularly important in 
cases involving significant craniofacial abnormalities [4, 
17]. In spite of the growing utility of EACS, open ap-
proaches to craniosynostosis surgery remain a mainstay 
of treatment for many patients. The development of stan-
dardized treatment approaches for the perioperative 
management of infants undergoing craniosynostosis sur-

gery may enhance patient safety and prevent significant 
intraoperative and postoperative complications.

In addition, certain clinical features of craniosynosto-
sis may vary at a population level by geography and racial/
ethnic background [23]. In the Middle East specifically, 
the clinical features of infants with craniosynostosis re-
main poorly characterized, such as the median age at di-
agnosis, the distribution of suture involvement, and the 
proportion of patients with syndromic synostosis.

Open surgical approaches continue to be key in the 
management of craniosynostosis, particularly in infants 
>6 months of age and in those with complex or syndrom-
ic stenosis. Clinical features such as suture distribution 
and age at diagnosis significantly impact treatment strat-
egies, but these features remain poorly characterized in 
Middle Eastern countries. In this study, we sought to as-
sess the clinical features and perioperative outcomes of 
patients undergoing craniosynostosis surgery at a tertiary 
care center in Lebanon.

Methods

We conducted a retrospective review of all patients who under-
went craniosynostosis surgery from December 2006 to December 
2018 at the American University of Beirut Medical Center 
(AUBMC), Beirut, Lebanon. This study was approved by the 
AUBMC Institutional Review Board. Potential subjects were iden-
tified through a query of the institutional billing system using op-
erative codes. Patients with either syndromic or non-syndromic 
craniosynostosis were included in the study.

Electronic medical records were reviewed to extract clinical 
and demographic variables, including age, sex, suture involve-
ment, known syndromic condition with associated anomalies, sur-
gical procedure and intraoperative course, EBL and transfusion 
volume, operative time, length of hospital stay, postoperative com-
plications, and clinical follow-up. Complications were considered 
up to 30 days postoperatively, including intraoperative durotomy, 
cerebrospinal fluid leakage, surgical site infection, wound dehis-
cence, seizures, intracranial bleeding or stroke, cardiac events, sep-
sis, and postoperative blood transfusion requirement. Other events 
requiring reoperation, readmission, or a clinical procedure were 
also included as complications. Recurrence of craniosynostosis 
was defined as premature closure along a previously released su-
ture, with associated clinical symptoms of recurrent craniosynos-
tosis. Determination of recurrence was based on clinical examina-
tion and confirmed by 3-dimensionally reconstructed computed 
tomography (CT) imaging.

Descriptive statistical analyses were performed to assess clini-
cal and demographic features of the study cohort. The rates of 
complications within 30 days of surgery were reported. The rates 
of recurrent craniosynostosis were also reported and compared 
between subgroups on the basis of sex, age (0–12 months or >12 
months), suture involvement (single site vs. multiple), and the 
presence of syndromic synostosis. Comparisons were made using 
Fischer’s exact test. Statistical analyses were conducted using Stata 
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version 15.0 (Stata Corp., College Station, TX, USA). A p value of 
<0.05 was considered significant.

Perioperative Considerations and Surgical Technique
The management algorithm for patients with craniosynostosis 

is summarized in Figure 1. Prior to surgery, all patients were eval-
uated by a multidisciplinary team including a neurosurgeon and 
an oral and maxillofacial surgeon. The same neurosurgeon 
(M.W.N.) and oral and maxillofacial surgeon (N.A.C.) were pres-
ent in all surgical cases. Brain CT imaging with 3-dimensional 
bone reconstruction was performed preoperatively to aid with 
surgical planning. The hospital pediatric intensive care unit 
(PICU) physicians and staff were informed of the case prior to 
surgery.

The operative procedures were standardized within the institu-
tion and varied by synostosis type. Patients were received in the 
operating room and immediately placed on a warm air circulation 
device. The Standard American Society of Anesthesia monitors 
were applied. Inhalation induction was the preferred technique for 
initiation of general anesthesia, followed by immediate peripheral 
intravenous (IV) access. Endotracheal intubation with a cuffed en-
dotracheal tube was then performed after injection of lidocaine, 
fentanyl, and a muscle relaxant. Anesthesia was maintained with 
sevoflurane in 50% oxygen and air and an infusion of remifentanil 
for adequate analgesia. All patients received invasive blood pres-
sure monitoring in the form of a radial artery catheter and addi-
tional peripheral IV access. If reliable large-bore peripheral access 
was not obtained, then a femoral central line was placed. All in-
fused fluids were warmed, and precise intake/output was mea-
sured. Once IV access was secured, patients were loaded with a 10 
mL/kg bolus of crystalloids. The presence of packed red blood cells 
(PRBCs) in the room was verified immediately prior to incision. 
The need for PRBC transfusion was determined by visual inspec-
tion of blood loss on the field, in gauzes and laps, as well as in suc-

tion canisters and serial arterial blood gas analysis measuring he-
moglobin, hematocrit, pH, base deficit lactic acid, and electrolytes. 
Transfusion of fresh frozen plasma, platelets, and others blood 
products was considered if the EBL exceeded at least half of the 
patient’s estimated blood volume. At the conclusion of surgery, all 
patients were extubated in the operating room unless they had re-
ceived a prohibitive amount of fluids (<8% of cases) and were 
transferred to the PICU floor.

An ultrasonic bone cutting device (Piezo drill-Mectron, Car-
asco, Italy) was used to cut the orbital roof in all surgeries to pre-
vent damage to the dura or orbital tissues; such devices are associ-
ated with a reduction in soft tissue damage in cranio-maxillofacial 
surgeries [24]. Surgeons waxed bone edges meticulously during 
opening to minimize blood loss. The surgeons additionally aug-
mented bone reconstruction with stainless steel wires to allow dy-
namic fixation and potentially assist with future remodeling if 
needed. Rigid fixation of bone using metallic or resorbable plates 
or screws was avoided, partly because of the authors’ preference 
for a dynamic and slightly mobile fixation versus a more rigid 
fixation with screws. In addition, absorbable plates and screws 
were initially unavailable in Lebanon, and their high cost as they 
became available was a significant barrier to their use. In some 
children evaluated at an older age with imaging for various rea-
sons, including evaluation for resynostosis, no wire-related com-
plications were noted. The surgical techniques can be broadly di-
vided into those used for anterior craniosynostosis (coronal and 
metopic premature synostosis) and those used for sagittal synos-
tosis.

In anterior surgery, the objective of the surgery was to correct 
the deformity and create a space to allow for future growth. The 
technique used was mainly that of fronto-orbital reshaping and 
repositioning. After the frontal bone was removed via craniotomy, 
the orbital rim was removed en bloc with the aid of the Piezo ul-
trasonic drill. The orbital rim was reshaped by performing V-

Preoperatively Intraoperatively Postoperatively

Plan to operate at 6–12 months
of age

•

Conduct type and screen testing
for patient blood

•

Notify pediatric ICU in
preparation for postoperative
admission

•

Wax bone edges meticulously
during opening to minimize
blood loss

•

Cut orbital roof using ultrasonic
vibration device to protect orbit
and dura

•

Maintain ~3 cm of bone-free
space at supposed sutures lines
to reduce risk of early closure

•

Augment bone reconstruction
with wires for dynamic fixation

•

Assess hemoglobin and
hematocrit levels at 12 and 24
h postoperatively

•

Monitor in pediatric ICU for 24
h

•

Counsel family members on
safety precautions prior to
discharge

•

Follow-up in 3–4 weeks to assess
cosmesis and evaluate for
complications

•

Fig. 1. Management algorithm for patients with craniosynostosis.
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shaped unicortical excisions of bone on the outer table or inner 
table as needed, and metallic ligatures were placed in a figure of 8 
fashion to maintain the desired shape (Fig. 2). The orbital rim was 
then repositioned and fixed with metallic ligatures to the nose, 
frontozygomatic buttress, and the temporal bone. The procedure 
was completed when 1 or 2 symmetrical bone parts of the frontal 
bones are positioned back and fixed with metallic sutures to the 
orbital rim, leaving a space free of bone of around 3 cm width at 
the level of the synostosis suture.

As for sagittal synostosis, we used one of the 2 techniques. In 
the inverted Pi technique, the bone was removed laterally in both 
parieto-temporal areas, maintaining a bone bridge of 4 cm in the 
midline covering the sagittal sinus. This midline bridge was then 
cut at the level of the coronal suture, a piece of bone was removed, 
the space was closed with metallic ligatures, and the length of the 
cranium was reduced. The parieto-temporal bones are then ro-
tated and repositioned to widen the cranium.

The other technique, which was preferred by our surgeons, was 
total cranium reshaping. This consisted of elevating 5 bone bands 
from anterior to posterior (2 frontal, 2 parietal, and 1 occipital). 
The bands were cut in half, their position was changed and 
switched, and the bones were fixed with metallic ligatures. The 
overall reconstruction was dynamic and left a midline space of 3 
cm. Based on the subjective experience of our surgeons, this tech-
nique afforded better aesthetic and functional results than the Pi 
technique [25].

Postoperatively, all patients were transferred to a PICU for 
24 h of postoperative monitoring, followed by at least 48 h of ad-
ditional monitoring on the hospital pediatric floor. Fever 
(>38.0°C) and facial edema were anticipated for 24–72 h post-
operatively. No additional workup for fever was performed in 
the absence of additional concerning clinical changes [26, 27]. 
Prior to discharge, family members or guardians were counseled 
on safety precautions at home, and they were informed of symp-
toms or developments that should prompt seeking medical at-
tention. All patients had a follow-up clinical visit 4 weeks post-
operatively.

a b

Fig. 2. a Intraoperative picture of the cut out frontal bone and the 
orbital rim in a child with metopic craniosynostosis. b Remodeling 
of the orbital rim after unicortical bone wedge excisions and fixa-
tion with metallic ligatures.
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patients with craniosynostosis managed with reconstructive 
surgical repair

Characteristic Patients with 
craniosynostosis 
(n = 35)

Mean age, months 9.0±4.0
Sex

Male 23 (65.7)
Female 12 (34.3)

Suture involvement
Metopic 10 (28.6)
Sagittal 7 (20.0)
Unilateral coronal 9 (25.7)
Bicoronal 3 (8.6)
Multiple sutures 6 (17.1)

Syndromic craniosynostosis 5 (14.3)
Reconstructive surgery

Orbital roof reconstruction 11 (31.4)
Modified Pi procedure 2 (5.7)
Combined orbital roof and forehead 

reconstruction 16 (45.7)
Total cranial vault remodeling 6 (17.1)

Median EBL, mL 200 [163–338]
Median transfused PRBC volume, mL 180 [140–238]
Median duration of hospital stay, days 5 [4–5]

Data are mean ± SD, median [interquartile range], or n (%). 
EBL, estimated blood loss; PRBC, packed red blood cell.

Table 2. Complications within 30 days following reconstructive 
surgical repair of craniosynostosis

Complication Patients with 
craniosynostosis 
(n = 35)

Intraoperative durotomy 0 (0)
CSF leakage 0 (0)
Surgical site infection 0 (0)
Wound disruption 0 (0)
Seizures 0 (0)
Stroke or intracranial bleed 0 (0)
Cardiac event 0 (0)
Sepsis 0 (0)
Postoperative blood transfusion requirement 1 (2.9)
Wire protrusion requiring removal 1 (2.9)
Any complication 2 (5.7)

Data are n (%). CSF, cerebrospinal fluid.
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Results

A total of 35 patients met the criteria for inclusion, 
with demographic and clinical features summarized in 
Table 1. The mean cohort age at the time of primary sur-
gery was 9.0 ± 4.0 months, and the ages ranged from 5 to 
24 months. The majority of patients were male (65.7%), 
while 34.3% were female. The most common site of su-
ture involvement was metopic (n = 10, 28.6%), followed 
by unilateral coronal (n = 9, 25.7%), sagittal (n = 7, 20.0%), 
and bicoronal (n = 3, 8.6%). Six patients (17.1%) had su-
ture involvement at multiple sites, including 3 (8.6%) 
with combined metopic and bicoronal involvement, 1 
(2.9%) with combined metopic and sagittal involvement, 
1 (2.9%) with combined metopic and unilateral coronal 
involvement, and 1 (2.9%) with combined bicoronal and 
sagittal involvement. Five patients (14.3%) had associated 
anomalies as part of syndromic synostosis, including 2 
with Crouzon syndrome, 1 with Loeys-Dietz syndrome, 
1 with Apert’s syndrome, and 1 with an undetermined 
syndrome involving a cloverleaf deformity and an imper-
forate anus.

The most common reconstructive surgery was com-
bined reconstruction of the orbital roof and forehead  
(n = 16, 45.7%), followed by orbital roof reconstruction 
alone (n = 11, 31.4%) and total cranial vault remodeling 
(n = 6, 17.1%). Two patients (5.7%) with isolated sagittal 
synostosis had a modified Pi procedure. Median EBL was 
200 mL (IQR 163–338 mL), and the population received 
a median PRBC infusion of 180 mL (IQR 140–238 mL) 
and 400 mL of crystalloid fluids (IQR 380–625 mL).The 
median duration of hospital stay was 5 days (IQR 4–5 
days).

All patients were evaluated at a 4-week follow-up clin-
ical visit. Within 30 days of surgery, no patients experi-
enced cerebrospinal fluid leakage, surgical site infection, 
wound disruption, seizures, stroke, intracranial bleeding, 
cardiac events, or sepsis (Table 2). One patient required a 
postoperative blood transfusion (in addition to intraop-
erative blood administered routinely) within 24 h of sur-

gery. One patient experienced wire protrusion causing 
discomfort, which was removed in the clinical setting 4 
weeks postoperatively. In total, 2 patients experienced 
surgical complications with a rate of 5.7%.

In addition, 3 children (8.6%) required reoperation 
following craniosynostosis surgery. Their clinical profiles 
are summarized in Table 3. Resynostosis was diagnosed 
in 2 children (5.7%) and confirmed by CT imaging; these 
patients required reoperation at 41 and 19 months. In 
both patients, multiple suture sites were involved; 1 had 
associated Loeys-Dietz syndrome. The third patient who 
required reoperation experienced a fall 6 weeks postop-
eratively, leading to a fracture of the frontal bone repair. 
This was managed operatively by local fracture repair.

Recurrence rate was not associated with sex or age >12 
months at the time of surgery (Table 4). Statistically non-
significant trends were noted, suggesting a higher risk of 
recurrence with multiple suture involvement (including 
bicoronal, p = 0.06) and syndromic synostosis (p = 0.27). 

Table 3. Profiles of patients requiring reoperation following craniosynostosis surgery

Patient Sex Syndrome Suture 
involvement

Age at first 
surgery, months

Indication 
for reoperation

Age at repeat 
surgery, months

1 F None Bicoronal 5 Resynostosis 41
2 M Loeys-Dietz Bicoronal + metopic 6 Resynostosis 19
3 F None Metopic 13 Fracture repair 15

Table 4. Rates of recurrent craniosynostosis by suture involvement 
and demographic characteristics

Characteristic Cases, 
n

Recurrences, 
n

p value*

Sex
Male 23 1 (4.3) 1.00Female 12 1 (8.3)

Age group
0–12 months 31 2 (6.5) 1.00>12 months 4 0 (0)

Suture involvement
Single suture 26 0 (0) 0.06Multiple suture 9 2 (22.2)

Presence of syndromic synostosis
Syndromic synostosis 5 1 (20.0)

0.27Non-syndromic synostosis 30 1 (3.3)
Overall 35 2 (6.7)

* Fisher’s exact test.
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The patient who had a fracture was 15 months of age at 
the time of trauma (around 6 weeks after the initial sur-
gery), emphasizing the need for surgery before the child 
is actively walking and running.

At 4-week postoperative appointments, all patient 
caregivers verbally reported high levels of satisfaction 
with the cosmetic outcomes of surgery, with 23 (65.7%) 
reporting “excellent” outcomes and 12 (34.3%) reporting 
“very good” outcomes. Among those requiring reopera-
tion (n = 3), satisfaction was reassessed 4 weeks following 
reoperation; outcomes were considered “excellent” in 2 
patients and “very good” in 1 patient.

Discussion

This study provides some of the first data evaluating 
the clinical features and management of craniosynostosis 
in the Middle East region. Moreover, it highlights that 
open surgery can be used to safely and effectively manage 
craniosynostosis.

The low complication rates observed in this cohort are 
comparable to those reported in prior studies. In a com-
parison of 2 national databases in the USA, the rates of in-
fection, wound disruption, seizures, cardiac events, sepsis, 
or strokes or intracranial bleeding were each <1% [28]. In 
our study, these complications did not occur. In a separate 
cohort study, Arts et al. [29] described 187 open or endo-
scopic craniosynostosis surgeries, where the rate of intraop-
erative or postoperative complications was 10% overall and 
14% among those undergoing open surgery. All patients 
who underwent open surgery in their cohort required blood 
transfusions. Similarly, Han et al. [19] described a 6% rate 
of surgical or medical complications among 155 patients 
who underwent open craniosynostosis surgery. Moreover, 
96% of these patients required intraoperative transfusions, 
and 40% received postoperative transfusions. In concor-
dance with our findings, these studies agree that complica-
tions associated with open craniosynostosis surgery are un-
common and generally treatable, but the need for blood 
transfusions remains unavoidable.

Our study also appears consistent with reports of re-
synostosis reported in the literature. In a cohort of 119 
patients who underwent craniosynostosis surgery, 7% 
underwent surgery for resynostosis, with higher rates in 
among those with craniosynostosis syndromes [9]. Simi-
larly, 6% of patients in this cohort underwent surgery for 
resynostosis, with a statistically nonsignificant trend to-
ward higher recurrence rates in children with multiple 
suture involvement or syndromic conditions.

Overall, the low complication rates, low reoperation 
and resynostosis rates, and satisfactory cosmetic out-
comes reported in this study emphasize the safety and ef-
ficacy of open craniosynostosis surgery when appropriate 
precautions are taken. The perioperative management 
strategies described previously – including multidisci-
plinary contributions to treatment planning, surgical 
technique, anticipation and management of blood loss, 
ICU monitoring for 24 h postoperatively, and routine fol-
low-up – allowed for safe and effective treatment of in-
fants with craniosynostosis. However, open surgery con-
tinues to be associated with longer hospital stays and 
blood loss requiring transfusion.

To address these disadvantages, EACS, often in com-
bination with helmet therapy, is associated with a reduc-
tion in blood loss, transfusions, duration of surgery, and 
length of hospital stay [18, 19]. In spite of its increasingly 
widespread implementation, the application of EACS 
continues to face several limitations. The underlying con-
cept behind EACS is releasing the fused suture before sig-
nificant craniofacial deformities occur and utilizing the 
normal period of rapid brain growth in infancy to reshape 
the head [22]. As a result, this approach is preferably per-
formed in infants around 3 months of age, and it is avoid-
ed in those >6 months of age or with multi-suture or syn-
dromic synostosis [4, 16, 21, 22]. In addition, the use of 
an orthotic helmet after endoscopic surgery is a logisti-
cally demanding process that requires up to 1 year of con-
sistent use with frequent adjustments to accommodate 
head growth [22]. Moreover, given the relatively recent 
spread of EACS as a standard treatment and the overall 
rarity of craniosynostosis, EACS may be inaccessible to 
many surgeons and hospital systems due to limitations in 
training, funding, and equipment. These limitations ex-
plain the continued need for open surgery as a key com-
ponent of managing craniosynostosis. The experience at 
the AUBMC exemplifies these limitations. EACS was not 
performed regularly due to the limited number of chil-
dren with sagittal craniosynostosis presenting at an early 
age (<6 months). This limited the institution’s experience 
with the procedure, and it skewed surgeon preference to-
ward open reconstructive approaches, which were per-
formed more routinely. Open surgery additionally pro-
vides wider possibilities for cranial vault and skull base 
remodeling, which are often needed in complex cases 
with multi-suture involvement or in the setting of cranio-
synostosis syndromes [4, 17].

Our patient population received intraoperatively a 
median of 180 mL of PRBCs (21.7 mL/kg) and 400 mL of 
crystalloid fluids (48.2 mL/kg), with a median EBL of 200 
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mL (22.9 mL/kg). These numbers are relatively low com-
pared to those cited in the literature, particularly when 
accounting for the fact that patients did not receive phar-
macologic treatments, such as tranexamic acid, to miti-
gate blood loss [9, 30]. Meticulous surgical technique, in-
cluding careful bone waxing and gel foam application to 
venous bleeding points, successfully helped control blood 
loss intraoperatively. Patients did not receive erythropoi-
etin due to organizational constraints. Furthermore, 
while intraoperative cell salvage has been advocated as a 
means to reduce transfusion requirements, we currently 
do not have the specific pediatric cell saver kit available; 
most of the blood loss during calvarial reconstructions 
tends to seep down the drapes rather than collect in the 
suction canister, rendering the potential amount of blood 
salvaged relatively low. Finally, we have a specific proto-
col for the use of tranexamic acid during these proce-
dures, but we are still waiting for the drug to be available 
in the local market.

Given the paucity of data on craniosynostosis in the 
Middle East region, a secondary objective of this study 
was to evaluate the clinico-demographic features of in-
fants with craniosynostosis in Lebanon. The study cohort 
exhibited a higher proportion of bicoronal and multiple 
suture involvement relative to most studies in the litera-
ture. In prior large cohort studies, roughly half of cranio-
synostosis cases involve the sagittal suture, while a sig-
nificantly smaller fraction, around 10%, involve bicoro-
nal or multiple suture sites [2, 18, 19, 29]. The smaller 
percentage of sagittal suture synostosis seen in our study 
may reflect cultural attitudes regarding craniofacial ap-
pearance, such that children with scaphocephaly may be 
less likely to be perceived as requiring surgical correction. 
Furthermore, limited awareness of craniosynostosis 
among family members and medical providers, in addi-
tion to structural and financial barriers in the Lebanese 
health care system, may limit the presentation of patients 
with scaphocephaly, compared to other more obvious 
malformations. Conversely, one-quarter of the patients 
in this study had bicoronal or multiple suture site involve-
ment, and only 1 in 5 had sagittal suture involvement. 
These differences may reflect a higher proportion of com-
plex cases at the AUBMC due to its status as a national 
and regional tertiary care hospital. Alternatively, this dis-
crepancy could reflect potential variability in sutural in-
volvement patterns and craniosynostosis syndromes 
based on geography. For instance, in a study at a tertiary 
care hospital in Saudi Arabia, Aziza et al. [31] reported 
that nearly half of the children presenting with craniosyn-
ostosis had syndromic conditions (65/149, or 44%). Fur-

ther population or large cohort data are needed to better 
characterize the clinical features of craniosynostosis in 
Middle Eastern populations.

The small sample data over 10 years at a referral ter-
tiary care center (35 children) warrant explanation. Leba-
non is a small country with a population of around 6 mil-
lion, including around 2 million refugees, with a live birth 
rate of around 13.6/1,000 [32]. Assuming an incidence of 
craniosynostosis in around 1 in 2,500 newborns, around 
34 children with craniosynostosis would be expected to 
be born yearly. In first 5 years of this study period, the 
authors operated on 9 children (1–2 cases per year), while 
this number rose to 26 cases in the latter 5 years (5–6 
cases per year). As the AUBMC is one of the largest med-
ical centers in Lebanon and procedures for craniosynos-
tosis are not commonly done at most other centers, these 
figures may largely reflect limited awareness of the condi-
tion, not only among the children’s family but among 
medical practitioners as well. This is further evidenced by 
the relatively old median age of children at the time of 
presentation and surgery (9 months). Though it is typi-
cally more prevalent, sagittal synostosis may be seen as 
within the bounds of normocephalic appearance, and 
when they present for opinion or management, they often 
do so at a later age. Thus, an important goal of this study 
is to raise awareness on the identification and recom-
mended early referral of infants with craniosynostosis, es-
pecially among pediatricians. This facilitates multiple 
surgical options, including minimally invasive tech-
niques. Although we usually prefer to perform recon-
structive surgery for infants at around 6–8 months of age, 
the mean age of infants at surgery in our study was 9 
months, as mentioned earlier. Late surgery may be associ-
ated with more difficult surgical molding of the bone and 
more importantly with some complications such as frac-
ture of the repair in an ambulatory child, as demonstrated 
by one of our older patients in the series.

The strengths of this study include the standardization 
of preoperative, intraoperative, and postoperative proto-
cols and the performance of all surgeries by the same neu-
rosurgeon and oral-maxillofacial surgeon. Furthermore, 
this study is the first series evaluating craniosynostosis in 
Lebanon, providing important insights to the clinical pat-
terns of this condition in the Middle East. All patients had 
routine follow-up appointments 4 weeks postoperatively 
to evaluate aesthetic outcomes and to screen for potential 
complications. The weaknesses of the study include its 
retrospective nature, small sample size, and limited post-
operative follow-up. The size of the sample limited the 
ability to assess correlations and clinically significant as-
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sociations. The role of the AUBMC as a tertiary care hos-
pital may have skewed the patient population, leading to 
a greater representation of multiple suture and syndrom-
ic synostosis cases.

In conclusion, this study demonstrated that the recon-
structive surgical management of craniosynostosis is a 
practical, effective, and generally safe approach when im-
plemented with the appropriate intraoperative and peri-
operative considerations. Given the advantages of open 
surgical approaches, particularly in infants older than 6 
months and in those with complex synostosis patterns, 
these surgeries remain a crucial element of managing cra-
niosynostosis. Despite apparently different clinical pre-
senting features of children with craniosynostosis in the 
Middle East region, additional data are needed to further 
evaluate these features and special emphasis should be 
placed on raising awareness of the condition.
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