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OBJECTIVE: Craniosynostosis is a congenital skull deformity that impacts
development and quality of life of children if left untreated. This study aimed to
evaluate literature regarding presentation, treatment, and outcomes of cranio-
synostosis in Africa.

METHODS: A systematic review of the literature using PubMed/MEDLINE,
Scopus, Web of Science, and Google Scholar databases was conducted ac-
cording to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.

RESULTS: Fourteen retrospective/prospective studies with 620 patients and 14
case reports involving 27 cases (8 countries) were included. In 12 articles, 56.6%
of patients (317/560) were males, with a mean age of 2.4 years (confidence in-
terval [CI]: 1.1—3.7). Abnormal head shape was the most reported presentation in
71.8% of cases (332/427, 8 articles). Syndromic craniosynostosis was seen in
25.2% (CI: 13.7%—36.6%). Common phenotypes were trigonocephaly in 31.5% (CI:
3.6%—59.4%), anterior plagiocephaly in 23.2% (Cl: 5.1%—41.3%), and scaphoce-
phaly in 22.1% (CI: 13.5%—30.8%). Five hundred seventy eight patients, 99.5% (CI:
99.0%—100.0%), underwent surgical treatment. Vault remodeling was performed
in 72.9% patients (Cl: 47.4%—98.6%). Postoperative complications included ce-
rebrospinal fluid leaks 5.4% (Cl: 0.0%—11.6%) and surgical site infections 4.5%
(Cl: 0.0%—10.8%). Follow-up ranged between 0.2 and 40.9 months; 95.6% of cases
(Cl: 90.1%—100.0%) exhibited improved deformity and neurological deficits at
last follow-up. The mortality rate was 3.1% (CI: 0.0%—6.9%, 2 articles).

CONCLUSIONS: Few studies on craniosynostosis in Africa highlight the need
for more research. Treatment with open techniques yields few complications
and a low mortality rate. Early diagnosis and collaborative data reporting will
enhance understanding of its burden and variations across Africa.

INTRODUCTION

Craniosynostosis is a congenital deformity
defined by the premature and erratic
fusion or growth arrest of cranial sutures
resulting in an abnormal skull shape.”” In
severe cases, infants may present with
increased intracranial pressure (ICP),
facial abnormalities, and respiratory or
neurocognitive dysfunction.”
Nonsyndromic craniosynostosis account
for 75% of craniosynostosis with the
remaining  classified as syndromic

cases.>™ Crouzon, Apert, and Pfeiffer
syndromes are the most common among
the estimated 180 syndromes associated
with  craniosynostosis.>  Etiology  of
craniosynostosis can be attributed to
genetic mutations and maternal and
environmental factors but in most cases,
it is unknown.”* Approximately 20% of
craniosynostosis cases are linked to gene
mutations, often inherited through
autosomal dominant patterns.”* These
mutations typically involve genes related
to fibroblast growth factor, fibroblast
growth factor receptor, or transforming

growth factor beta.”>*° The estimated
prevalence of craniosynostosis is 1 per
2000 to 2500 live births.*® Shlobin et al.
reported 84,665 children worldwide were
born with craniosynostosis in 2019
including 72,857 with nonsyndromic
craniosynostosis.’

While craniosynostosis has been exten-
sively documented in the literature,
particularly for patients of European
descent, literature regarding the preva-
lence of craniosynostosis and its types,
surgical interventions, and treatment out-
comes specifically among the African
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population is limited.® To address the
scarcity of information concerning
craniosynostosis in Africa, our systematic
review aims to elucidate its prevalence,
analyze  demographic and clinical
profiles, examine features and types of
craniosynostosis,  evaluate  treatment
efficacy, and ascertain overall outcomes
in this population. Additionally, we
delineate country-specific challenges and
recommendations for craniosynostosis
management, thereby contributing to a
more comprehensive understanding of the
diverse landscapes across Africa.

METHODS

Search Strategy

A systematic review of the literature was
performed in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines
(Figure 1.) A comprehensive search was
carried out across electronic databases
including PubMed, Scopus, Google
Scholar, and Web of Science using key

search terms “craniosynostosis AND
Africa.” Furthermore, we conducted a
comprehensive manual review across

databases and search engines, including
Google and Bing, using the keyword
“craniosynostosis” combined with terms
such as  “[each  African  Country],”
“pediatric,” “children,” “infantile,”
“child,” “presentation,” “management,”
“surgery,” “treatment,” and “outcome,”
using Boolean operators (AND/OR).
There was no time frame limit to the
search strategy. Our primary objective

was to use original English articles
(retrospective/prospective ~ studies and
case reports/series) to investigate patient
characteristics, clinical presentation, and
diagnosis of craniosynostosis in pediatric
patients in all the African countries
represented in the literature. Secondary
objectives aimed to estimate the features
of  craniosynostosis  including the
proportions of common sutures involved,
management strategies, postmanagement
complications, and outcomes. Exclusion
criteria were as follows: non-English arti-
cles, literature reviews, correspondences,
commentaries, book chapters, animal
studies, opinion pieces, systematic re-
views, and meta-analyses.

Data Extraction

Three authors (K. D., U. B., and S. P.)
independently conducted the search and
selection process. In instances of dis-
agreements regarding inclusion criteria or
collected data, consensus was reached
through review and discussion among the
authors. Initially, articles were screened
based on titles, followed by a review of
abstracts and full texts to determine
eligibility. Subsequently, 6 authors (K. D.,
P. K., B. L., O. O., M. S., and S. P.)
thoroughly examined full texts to finalize
inclusion and extract pertinent data. Bib-
liographies were also meticulously scruti-
nized to identify articles meeting our
inclusion criteria.

The following variables were extracted:
1) demographic information, including
age, sex, and preclinical history; 2) un-
derlying  conditions and  genetic

Resources Identified Through PubMed/MEDLINE,
SCOPUS, Web of Science and Google Scholar n = 122

Resources Identified Through
Manual Review n = 54
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Figure 1. PRISMA flow diagram showecasing the methodology employed
in conducting the systemic review. PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.

predispositions; 3) diagnostic modalities
and sutures involved; 4) management
strategies; 5) perioperative complications;
6) length of hospitalization including
intensive care unit stay; 7) follow-up time;
8) clinical outcomes at last follow-up; and
9) limitations and recommendations.
Moreover, to offer a thorough under-
standing and context of the extracted ar-
ticles, bibliometric details including the
type of article, journal name, number of
reported cases, and country of origin were
recorded for each study.

Statistical and Summary of Literature

Statistical analysis was carried out in R
Studio (Version 4.3), focusing on pre-
defined characteristics of interest relevant
to our primary and secondary objectives.
Meta-analysis was conducted with the aid
of the packages metafor, meta, and metadat.
Given the expected high variability among
the individual studies included in this
study, data aggregation was achieved us-
ing a random effects model. The Cochran
Q statistic was employed to evaluate the
heterogeneity across studies, while the I*
test was used to measure the extent of this
heterogeneity. We also calculated 95%
prediction intervals to provide an estimate
of the range within which the true effect
size is expected to fall in future studies,
accounting for between-study variability
for studies with I* > gg. For visual repre-
sentation, proportions were depicted in
forest plots. Subgroup analysis was
completed to explore how different cate-
gories within the population might affect
the pooled proportions. In addition, our
approach to summarizing categorical data
involved computing frequencies and per-
centages for each category, derived from
individual studies. For continuous data,
we employed a strategy of calculating av-
erages and standard deviations, pooling
data from the multiple sources. Our
reporting of descriptive statistics is
grounded in the data that were accessible
within each study. We have maintained
transparency by explicitly stating the
number of studies from which data
extraction was successful and detailing the
count of patients for each variable of in-
terest, in the context of the total patient
population within each study. A narrative
summary was employed in reporting the
challenges and proposed solutions
extracted from the literature. To provide
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Table 1. Descriptive Analysis and Pooled Meta-Analyses of Demographics, Preclinical Characteristics, Diagnostics, Management, and

Outcomes in the Qriginal Articles

Percentage
(Sum/Number of Number of Articles
Variable Patients in Article) Prevalence (95% Cl) Reporting Variable 12
Patient demographics
Mean age (years): 2.4 (1.1-3.7) 8 99.6
Male 56.6 (317/560) 64.3 (55.1—73.4) 12 784
Female 43.4 (243/560) 357 (26.6—44.9) 12 784
Signs and symptoms
Head deformity 77.8 (332/427) 71.6 (45.6—97.7) 8 995
Visual disturbances/visual defects 52.6 (51/97) 60.8 (23.6—98.1) 3 95.0
Signs of elevated ICP 57.9 (51/88) 71.1 (28.5—100.0) 3 97.8
Abnormal facial appearance 29.8 (37/124) 27.3 (0.0—56.3) 3 943
Headache 64 (32/50) 64 (50.7—77.3) 2 0.0
Proptosis 34.7 (25/72) 45 (0.0—112.9) 2 98.3
Hypotelorism 18.5 (12/65) 28.7 (0.0—78.9) 2 94.5
Seizures 11.1 (8/72) 10.3 (3.3—17.3) 2 0.0
Genetic syndromes
Syndromic synostosis 28.3 (89/315) 25.2 (13.7—36.6) 5 72.6
Crouzon 14.3 (45/315) 13.8 (9.9—17.6) 5 0.0
Apert 11.4 (32/282) 10.9 (7.2—14.5) 3 0.2
Pfeiffer 1.9 (5/266) 1.9 (0.2-3.5) 2 0.0
Saethre-Chotzen 2.3 (5/219) 1
Carpenter 0.9 (2/219) 1
Diagnostic modality
CT scan 100 (175/175) 98.2 (96.3—100.0) 8 0.0
Radiograph 100 (50/50) 98.1 (94.3—100.0) 2 0.0
Cranial phenotype/sutures involved
Oxycephaly 64 (32/50) 63.6 (0.0—132.2) 2 98.2
Posterior plagiocephaly/lambdoid synostosis 2.6 (7/271) 25(0.7—4.4) 2 0.0
Anterior plagiocephaly/unicoronal synostosis 39 (119/305) 232 (5.1-41.3) 4 90.6
Brachycephaly/bi-coronal synostosis 19.4 (34/175) 18.2 (12.3—24.1) 5 6.7
Multiple suture synostosis 31.8 (116/365) 37.4 (8.8—65.9) 6 98.6
Scaphocephaly/sagittal suture synostosis 16.9 (71/420) 22.1 (13.5—30.8) 8 719
Trigonocephaly/metopic synostosis 16.7 (69/413) 31.5(3.6—59.4) 8 99.1
Surgical management
Surgical 100 (578/578) 99.6 (99.0—100.0) 12 0.0
Open surgery 99 (518/523) 99.5 (98.9—100.0) 10 1.7
Endoscopic technique 0.9 (5/523) 0.5 (0.0—1.1) 10 2.3
Surgical types
Suturectomy/linear craniectomy/strip craniectomy 29 (139/479) 53.8 (23.4—84.2) 8 99.6
Cranial vault remodeling 81.5 (371/455) 72.9 (47.4—98.6) 6 99.4
Cl, confidence interval; ICP, intracranial pressure; CT, computed tomography; CSF, cerebrospinal fluid.
Continues
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Table 1. Continued

Variable

Fronto-orbital advancement
Distraction osteogenesis
Postoperative complications
Complications
Surgical site infection
Dural tear
Hypotension
CSF leak
Outcome at last follow-up
Follow-up range (months): 1—1.42
Improved
Repeat surgery
Death

Percentage
(Sum/Number of Number of Articles

Patients in Article) Prevalence (95% CI) Reporting Variable ?
73.9 (219/296) 60.2 (17.4—100.0) 3 98.7
3.3(9/271) 24.6 (0.0—69.9) 4 99.7
10.4 (12/115) 8.9 (2.2—15.5) 4 353
4.7 (2/43) 45 (0.0—10.8) 2 0.0
4.7 (2/43) 3.9(0.0—-11.4) 2 26.4
2.3 (1/43) 2.7 (0.0—-7.4) 2 0.0
6.9 (3/43) 5.4 (0.0—-11.6) 2 0.0
96.2 (50/52) 95.6 (90.1—100.0) 3 0.0
7.1 (24/339) 5.9 (2.9-8.38) 5 14.6
2.6 (2/77) 3.1(0.0-6.9) 4 0.0

Cl, confidence interval; ICP, intracranial pressure; CT, computed tomography; CSF, cerebrospinal fluid.

visual representation of the number of
countries and craniosynostosis cases re-
ported in the review, we created maps
with R Studio using the ggplot package.

RESULTS

Electronic Search Yield

Our initial search yielded 176 sources
(Figure 1). After removing 85 duplicates
and examining 91 sources with our
inclusion and exclusion criteria, we
included 28 articles in our systematic
review: 14 retrospective and prospective
studies™ ** with 620 patients (analyzed
in Table 1 and summarized in
Supplemental Table 1) and 14 case
reports/series®*3”  with 27  patients
(analyzed in Table 2 and summarized in
Supplemental Table 2) for a total of 647
patients. The 28 studies came from 8
different  African  countries (Congo,
Egypt, Ghana, Morocco, Nigeria, South
Africa, Tanzania, and Tunisia) illustrated
in Figure 2. Of the contributing
countries, South Africa led with the
highest number of studies, contributing
14 articles (51.9%), followed by Egypt
with 6 publications (22.2%). Morocco
and Tunisia each contributed 2 studies,
representing 7.4% of the total. Regarding

patient cohorts, South Africa accounted
for the majority, with 547 of 647 patients
(84.5%), while Egypt contributed g1 of
647 patients (14.1%).

Demographics, Clinical Characteristics,
Diagnostics, Management Strategies, and
Outcomes of Retrospective and
Prospective Studies

Supplemental Table 1 provides a
comprehensive ~ summary  of  the
demographics, clinical characteristics,

diagnostics, management, and outcomes
of patients extracted from the 14
retrospective/prospective studies included
in our systematic study. Wall et al3®
presented the largest cohort, with 219
patients, representing 35.3% of patients,
on the other hand, the study with the
smallest cohort, consisting of 8 patients,
was conducted by Kleintjest et al.** They
both originated from South Africa.

The mean age at presentation of 392
patients from 8 retrospective/prospective
studies analyzed was 2.4 years (95% con-
fidence interval [CI]: 1.1—3.7). In 12 arti-
cles, the gender distribution was 56.6%
(317/560) males and 43.4% (243/560) fe-
males (Table 1). Among symptoms
reported, abnormal head shape was the
most common, reported in 77.8% (332/

427) of patients in 8 articles. In 3
articles,  visual  disturbances  were
observed in 52.6% (51/97), while
headaches were reported in 64.0% (32/
50) of patients in 2 articles. Proptosis
was identified in 34.7% (25/72) of
patients, in 2 studies. Raised ICP was
reported in 57.9% (51/88) of the patients
across 3 studies. Craniometric data
reporting was limited, with few articles
providing detailed measurements. One
article documented an average head
circumference of 32.6 £ 69.36 cm for 47
patients.” The mean cephalic index,
reported by 3 articles,’®**" was 75.2.
Craniometrics for g patients™® in another
study showed a mean cranial volume of
043.68 cm?, with mean anterior and
posterior cranial volumes of 298.21 c¢cm?
and 636.74 cm?, respectively.

Diagnostic imaging techniques used
across the studies included computed to-
mography (CT) scans for 87.5% of patients
(175/200), radiographs in 36.0% of pa-
tients (50/139), magnetic resonance imag-
ing in 11.5% of cases (18/157), and
ultrasound in 10.3% of cases (16/155).
Twelve articles detailed 99.6% (95% CI:
99.0%—100.0%), 578 patients, undergoing
surgical treatment. Of the detailed surgical
approach, in 1o articles, 99.6% (95% CI:

4 WWW.SCIENCEDIRECT.cOM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2024.11.116


www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.11.116

KWADWO DARKO ET AL.

LITERATURE REVIEW

CRANIOSYNOSTOSIS IN AFRICA

Table 2. Descriptive Analysis of the 27‘

Patients Included in the 14 Case
Reports

Table 2. Continued

Demographics

Regarding postoperative complications,
cerebrospinal fluid leaks were reported in
5.4% (95% CI: 0.0%—11.6%) and surgical
site infections in 4.5% (95% CI: 0.0%—

Demographics zﬂ:gisrtj(')es;“t“re 3 (12.5%) 10.8%). Follow-up period ranged between
Y 1 and 1.42 months. Reoperation was
Number of patients 27 Outcomes (N = 6) necessary for 7.1% of patients (24/339) due
Average age (years) 20+25 Improve % to various indications, as reported in g
: : articles. Among the articles addressing
Male 14 (51.9%) Did not improve 2 . o
patient outcomes, 96.2% of cases (50/52
Female 12 (44.4%) Death 2 patients across 3 articles) showed im-
1 N/A Length of hospital stay in 247 £ 243 provements in head shape and neurolog-
] ical deficits at the last follow-up. Th
Presenting symptoms/comorbidities (n = 27) dayst 1ca ? cts - a ¢ last toflow-up €
BN ol yoars 41471 mortality rate at the last follow-up was
Abnormal head shape 27 (100.0%) ik 3.1% (95% CI: 0.0%—6.9%, 2 articles).
Average HC (cm) 345 4+ 67 N/A, not available; HC, head circumference; 9p. long Descriptive analysis on the data extracted
arm of Chromosome 8; CT, computed tomography; from the 27 patients in the 14 case reports/
£3 0
pah ot delay Sl MRI, magnetic resonance imaging;  USG, |  geries®37 are represented in Table 2 and
Hydrocephalus 4 (14.8%) ultrasonography. Supplemental Table 2.
Syndactyl 4 (14.8%) *Patients with developmental delay included 9 patients
WINCETy Y T with 9p deletion syndrome and 1 patient with Car-
Imaging modality (n = 27) penter syndrome.
T coeh 12 (44.4%) 1Two patients had extended hospital stays: one was
’ admitted for 20 days due to poor clinical condition,
MRI 7 (25.9%) and the other for 51 days. However, no additional Overall Proportion Estimates of Sutural
X-ray 8 (29.6%) details regarding the reasons for the prolonged stay Involvement
were provided for the latter patient. s oI3,15-17,10,21-23,38-41
USG 4(148%) Tv.veh{e s'tudxes. ' met
' criteria for inclusion in our meta-analysis
Surgical management (n = 6) 98.9%—100.0%) underwent open proced- of sutural involvement (Figure 3). Four
: : 0, 0, . . 12.10,22 . .
Unilateral frontal 2 ures and in 4 articles, 0.5% (95% CL  grydies'™'>*>** were included in the
advancement O'O_%_I'I%) had endo§coplc surgery. In'6 proportional meta-analysis for anterior
: s I3,15,17,19,21,22,38,
—— 5 artlci/es, v;lult r.emodehngo/waé;ldoptei/ in plagiocephaly, 8 studlgs 3,15,17,19,2 3 39
T 72.9% of patients (95% ClI: 47.4%—  for scaphocephaly, 6 articles for multiple
: 98.6%). Of the reported vault remodeling suture  synostosis,»7"%*>?»%  and s
Craniotomy L procedures, fronto-orbital advancement articles’s19:2138:39 for syndromic
Unspecified 1 was adopted in 60.2% (95% CI: 17.4%— craniosynostosis. The pooled estimate of
Sdanie Gl e 109.0%) qf cases in 3 articles. 11.1 8 articles, the proportion of anterior plagiocephaly
; | o T strlp craniectomy was adopted in 53.8.% of  \as calculated for 305 patients, multiple
Rii21TOme i patients (95% CI: 23'40/0_84j20/°)' Adjunct  gypure synostosis for 365 patients, and
Apert syndrome 1(5.0%) management was rep(?rted n I .study by scaphocephaly for 420 patients. Using
Pfeiffer syndrome 3 (15.0%) Labuschagne et al. with 18 patients, all  the random effects model, the overall
: . S T using orthotic helmet devices after endo- pooled estimate of anterior plagiocephaly
EIENES UL 1 scopic suture release.”” One study by (¢ 232% (95% CL:  5.1%—41.3%,
9p Deletion syndrome 9 (45.0%) Fawzy et. al.  reported ~a  mean Figure 3A), that for multiple suture
Cranial phenotype/sutures involved (n = 24) 1ntraoperat1\ig blood t.ransfusmn volume  qunostosis was 37.4% (95% CI: 8.8%—
Onycophaly i [ of 550 mL.” The e§nmated blood loss 65.9%, Figure 3B), and scaphocephaly
: after surgery varied by type of 570, (gs%  CL  13.5%—30.8%,
Brachylcephaly/bi_- 1(4.2%) man.age?;int as reported' by 2 Figure 3C). In 5 studies, 792>
coronal synostosis studies.”” In a comparaltglve study brachycephaly/bi-coronal synostosis was
Anterior plagiocephaly/ 7 (29.2%) Condgcted by Elhawary et al.,” the open estimated at 18.2% (95% CI: 12.3%—
unicoronal synostosis technique  (OT) and  endoscopic 24.1%) and in 8 articles’s7212338:%0
Trigonocephaly/metopic 11 (45.8%) tec'hmque were compared, revealing trigonocephaly/metopic ~ synostosis was
synostosis est(llmated' blool;i loss o(fl 55 mL gor estimated at 31.5% (95% CI: 3.6%—
endoscopic technique and 150 mL for 0 ;
Scaphocephaly/sagittal 1(4.2%) OT Lg h q t al.l® > ted 59-4 /0)', The pooled .estlmgte of th.e
suture synostasis - Labuschagne et al— reported a  proportion of syndromic craniosynostosis
blof’d loss range f’f 5 t0 30 mbLn g estimated at 25.2% (95% CI: 13.7%—
Continues patients  undergoing  the  flexible 36.6%, Figure 3D).
endoscope-assisted suture release
procedure.
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Morocco: 2

North Africa: 96

Sub-Saharan Africa: 551

Tunisia: 3

Figure 2. A map showcasing the distribution of published craniosynostosis patients by country in Africa.

Egypt: 91

Challenges and Proposed Solutions

The management of craniosynostosis in
Africa is confronted with diverse chal-
lenges across different countries, necessi-
tating tailored solutions to improve
outcomes. Table 3 highlights country-
specific challenges and proposed solu-
tions for craniosynostosis patient care
across Africa. In Congo, the reported
absence of specific genetic data and the
difficulty in accessing the region for
research highlight the need for targeted
genetic studies.> In Ghana, the author of
a case report highlighted the challenge of
malfunctioning diagnostic equipment like
CT scanners and buttressed the
importance  of integrating clinical

features with molecular studies for timely
diagnosis.”” Morocco and Tunisia face
limited exposure to rare syndromes and
complex surgeries, respectively, calling
for enhanced diagnostic capabilities and
advanced prenatal diagnostic
techniques.”*3*  Nigeria’s  challenges,
from insufficient specialist training to
inadequate healthcare infrastructure, call
for enhanced training, robust data
management, and research
collaborations, with potential growth in
medical tourism to advance
management.*°

In South Africa, the challenges reported
are extensive and include difficulties in
ensuring regular postoperative attendance

and care due to socioeconomic, expertise,
and geographical constraints.” This is
further exacerbated by limited access to
and understanding of genetic testing,
alongside managing the complications of
open surgical procedures in a resource-
limited setting.">*' The
recommendations for South  Africa
include adopting less invasive and more
cost-effective surgical approaches,
improving early detection rates through
education on the phenotypic spectrum of
craniosynostosis, and considering inno-
vative solutions such as outsourcing the
production and fitting of orthotic helmets
to reduce overall treatment costs.”>4**" In
the included Tanzanian article, the
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Figure 3. Forest plots for the pooled proportions of (A) anterior plagiocephaly, (B) multiple suture synostosis, (C) scaphocephaly, and (D) syndromic synostosis in

Africa.

authors report that the country’s primary
challenge lies within education, marked
by an absence of dysmorphology training
within the medical curricullum. This
deficiency is essential for the early
detection and management of complex
syndromes like craniosynostosis.” The

proposed  solution emphasizes the
importance of a  multidisciplinary
approach in the management of patients,
necessitating  the  integration of

dysmorphology training into the medical

education system to equip future
healthcare professionals with necessary
skills and knowledge.” Collectively,
these highlight the need for bolstering
healthcare  infrastructure, enhancing
professional training and fostering
research to effectively manage

craniosynostosis in Africa.

DISCUSSION

Currently, there is a lack of a compre-
hensive review of craniosynostosis in Af-
rica. Left untreated, this condition greatly
impacts neurocognitive  development,
cosmetic appearance, and overall quality
of life (QOL) of children.*»** While
craniosynostosis is mainly a clinical
diagnosis often detected within the first

year of life, skull x-ray and cranial CT
can be used to confirm diagnosis and
help plan surgical reconstruction.”*°
Assessment of genetics is also a crucial
step in evaluation when syndromic
craniosynostosis  is  suspected.** In
addition  to  improving  cosmetic
appearance, the goal of surgery is to
create sufficient space in the cranial vault
to allow for proper brain development.’
Timely surgical intervention can lead to
exceptional outcomes, such as normal
brain growth and development.*> In our
review, a significant proportion of
patients who underwent surgery showed
improvements in both phenotypic and
neurological aspects during the last
follow-up. Notably, postoperative compli-
cations were minimal, with only 2 re-
ported deaths. Despite the challenges
encountered in diagnosing and treating
craniosynostosis in resource-limited set-
tings, it is imperative to explore potential
solutions to enhance patient outcomes.
Additionally, there is a need to investigate
avenues for developing research in this
setting to address the specific needs and
challenges faced by patients in resource-
limited environments.

In our review, the mean age at diagnosis
was estimated to be 2.4 years. In the

United States, the mean age at diagnosis is
about 4.1 months.*° With initial
suspicions and diagnoses typically made
clinically soon after birth, regional
differences in the reported ages at
diagnosis may stem from various factors,
including limited early identification—
especially in nonsyndromic cases—and
occasionally, missed early signs by
pediatricians or neurologists, resulting in
delayed referrals to neurosurgeons.”+**
Limited awareness among primary care
providers further contributes to these
delays, as only a small percentage of
initial cases are identified at the primary
care level, with many diagnoses
ultimately relying on proactive parental
concerns.*® Craniosynostosis syndromes
are diagnosed much earlier due to the
presence of easily identifiable physical
features.” In our study, an abnormal
head shape was the most common
clinical feature, similar to reported
findings of Johnson and Wilkie in 2011.>°
Headaches, vomiting, and fatigue are
common symptoms of and along with
visual  disturbances which  suggest
elevated ICP.>" Typically, craniosynostosis
presents with an abnormal head shape
and dysmorphic features; however, in our
review, we identified visual disturbances,
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headaches, and raised ICP as frequently
reported symptoms. These findings,
alongside the mean age at presentation,
likely reflect the severity of cases in the
African context and highlight the
challenges in managing these patients.
This severity also potentially highlights
the limited access to early intervention
and less-invasive procedures, which have
demonstrated safety and efficacy but may
be less accessible, further impacting pa-
tient outcomes and management ap-
proaches.>*>* Most craniosynostosis cases
are nonsyndromic, with a pooled preva-
lence of 26% in our study identifying as
syndromic; this was consistent with liter-
ature, with reported rates of 20%—25%."
The limited data in this review, however,
may result in the underestimation of the
true rate of syndromic craniosynostosis
in Africa.

Craniometrics play an essential role in
the management and follow-up of pa-
tients, providing insights into progression
and success of treatments. In our study,
the mean head circumference was 32.6
cm, a measurement reported by 1 article.”™
Preoperative mean cephalic index was
documented in 3 articles, highlighting its
use in assessing patients and planning
surgery. There was a gap regarding
postoperative  craniometrics, however.
Incorporating  craniometric  evaluation
both before and after surgery helps to
enhance patient care and outcomes.>® In
our analysis, CT scans were the most
reported diagnostic/preoperative imaging
modality adapted. Plain radiographs were
reported in 2 studies only,””** both of
which reported cases from over 35 years
ago. Regarding imaging, the general
consensus is to minimize CT use as
much as possible in young children due
to the risks associated with radiation, at
least until after the first year.”” Magnetic
resonance imaging, effective for brain
assessment, lacks the precision for
cranial sutures offered by CT but offers
improved visualization of  brain
anomalies.®® Despite this, the reported
figures indicate that, in the majority of
cases, the appropriate imaging modality
is obtained prior to surgical intervention.
However, challenges in  accessing
imaging scanners and the barriers
contributing to imaging delays in Africa
are beyond the scope of this study but
have been well documented in the extant

literature. Compared to Boulet et al.”
where sagittal synostosis prevailed at
40%—60%, our study found anterior
plagiocephaly most common. Sagittal
synostosis was seen to be the second
most common suture involved in our
study, aligning with broader literature.>
Our study observed trigonocephaly third
among mono-sutural types, differing
from a Dutch study that found sagittal and
metopic most common.” Unlike Hwang
et al.,** who noted a 15% prevalence of
multiple suture craniosynostosis, our
study revealed higher proportion of 38%
in the involvement of multiple sutures.
The observed discrepancy in the
distribution of craniosynostosis subtypes
compared to international data likely
reflects both under-reporting and a scar-
city of available data from African coun-
tries. These limited data may be biased
toward more severe cases, as these are
more likely to be documented and
reported.

Renier et al.”” emphasize that most
cases, including scaphocephaly, often
require fronto-cranial remodeling, with
severe forms needing extensive skull vault
reconstruction. Fronto-orbital advance-
ment is particularly effective for correcting
anterior cranial vault anomalies and was
the most reported vault remodeling sur-
gery in our study, aligning with our re-
ported high numbers of anterior
plagiocephaly. Early surgical intervention,
ideally between 4 and 8 months for non-
syndromic cases, as suggested by Layliev
et al.,% leads to better outcomes. Largely
however, the type and timing of surgery
depend on the age and suture
involved.®>® Majority of patients had
correctional surgery for their synostosis
with 578 reported cases. Surgery can be
performed either via open or endoscopic
approach, each with specific indications
and  benefits;  however, not all
craniosynostoses  are  amenable to
endoscopic correction.”*™>* Endoscopic
surgery is typically indicated for infants
aged less than 6 months with metopic or
sagittal craniosynostosis and is
associated with minimal blood loss and
tissue disruption, shorter hospital stay,
and operative times compared to open
surgery.>>* This approach is particularly
beneficial in cases requiring less
extensive suture release, such as in single
suture  synostosis. It is  often

accompanied by postoperative use of
cranial helmets, as seen in one included
article,>® to allow for directed cranial
growth. On the other hand, open
surgery, traditionally the standard of
care, is often reserved for more complex
synostoses and older infants.”*** Open
techniques are usually postponed until
the infant reaches g to 12 months.”
While  endoscopic  surgery  offers
advantages in some scenarios, its limited
use in the reviewed studies highlights
several barriers to diagnostics and care.
Key challenges include the high cost of
the specialized equipment required for
endoscopic procedures, limited
availability of trained surgeons proficient
in these techniques, and inadequate
infrastructure to support such advanced
surgical approaches.®® In contrast, open
surgery, although associated with longer
recovery periods and increased blood
loss, is potentially more widely practiced
due to its lower resource demands and
the broader availability of surgeons
trained  in  traditional = methods.
Addressing  these barriers requires
investment in capacity-building initia-
tives, such as training programs, and
improved access to surgical equipment,
which could facilitate the adoption of less-
invasive techniques in Africa, ultimately
improving patient outcomes. This is
exemplified by a recent model that resul-
ted in the establishment of a craniofacial
practice in southern Ghana, laying a
strong foundation for future initiatives."
Similar programs are essential to
bridging the treatment gap and
enhancing the QOL for affected patients.
In our study, the average age of the
patients and the substantial reporting of
multiple suture synostosis are also
potential factors probably contributing to
the prevalent use of open surgery in
cases examined in the review. Both
techniques aim to  alleviate the
constraints on brain growth and improve
cranial aesthetics.®

The reoperation rate was 7.1%, with a
similar rate of 7.2% reported by Sloan
et al.%® but higher than 2.4% reported by
Jubbal et al.®® Reoperation rates reported
in literature vary widely, from as low as
1% to 100%.°*7° The need for
subsequent surgery arises from diverse
factors, including cosmetic
enhancements or to address ICP or brain
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Table 3. Challenges and Proposed Solutions for Comprehensive Management of Craniosynostosis in Africa

Country

Challenges

Recommendations and Proposed Solutions

Congo

Ghana

Morocco

Nigeria

South Africa

Tanzania

Tunisia

1. Central African region not previously known as polymorphic in
available databases and sequence data from the Congolese
population are not available in existing databases.”’

2. Central African region is poorly accessible for genetic
studies.”’

1. Unable to obtain CT head scan at hospital due to equipment
malfunction.”’

1. Lack of exposure to rare syndrome.”*

1. Some specialists may not have optimal exposure because of

the limited spectrum of practice, while others with international

exposure return to Africa with limited and absence of equipment
and support staff.”®

2. Limited staff support—no dedicated pediatric ICU or trained
pediatric intensivist.?®

3. Lack of neurosurgical, imaging, and radiotherapy equipment.”®

4. Lack of research and innovation.”®

1. Inability for regular postoperative attendance and care required
following less invasive procedures given socioeconomic, lack of
expertise, and geographical constraints in lower income and
developing countries.'

2. Genetic testing access is limited in the public sector in South
Africa. It is expensive when available and limited understanding
of its value reduces utilization."”

3. Managing complications of open procedures is challenging in
low- and middle-income countries due to limited medical
resources, lack of expertise and large multidisciplinary teams, and
frequently scarce and expensive blood products.’

4. Universal need to reduce cost of healthcare within low- and
middle-income countries.”'

1. Lack of dysmorphology training within the medical curriculum in
low-resource settings.”®

1. Limited experience with complex surgeries for correction of
abnormalities associated with Pfeiffer syndrome.”

1. Even in cases of a well-known genetic condition with known
spectrum of mutations, it is useful to reach a molecular
diagnosis as discovering novel mutations allows for further
insight into their pathogenesis.*’

1. Combining clinical features and molecular studies can allow
for quicker diagnosis, counseling, and management of infants
with Pfeiffer syndrome in low-resource settings to offset the
risk of abandonment of neonates with dysmorphic features.”’

1. To improve diagnostic ability, may consider prenatal
investigations consisting of fetal ultrasound or MRI and genetic
testing in addition to postnatal craniofacial CT with 3D
reconstruction, brain MRI, and possible preoperative MRI with
angiographic sequences to detect venous malformations.?

1. Training a team of neurosurgeons with support staff to
enhance the care of patients.”®
2. Development of functional systems; data storage and
retrieval and the use of protocols.”®
3. Institutional collaboration to improve the quality of research
and the ability to place them in more visible journals.”®
4. Explore sub-Saharan Africa as a site for medical tourism.”®

1. Application of expedient and effective approaches such as
open remodeling.'®
2. Education and practice with recognizing the phenotypic
spectrum of craniosynostosis will allow for improved, earlier
detection rates and may lead to improved patient outcomes.*”
3. Providers working with limited resources in low- and middle-
income countries may consider less invasive techniques for
craniosynostosis repair such as either rigid or flexible
endoscope-assisted suturectomy.*!
4. Applying an endoscopic approach and outsourcing orthotic
helmet production and fitting to a third party is close to 50%
more cost-effective than an open approach.’

1. A multidisciplinary approach is vital in the management of
patients with Carpenter syndrome.”

1. Screen parents for mosaicism if history of prior fetus with
Pfeiffer syndrome.*”

2. Application of fetal ultrasonography exploring the head, face,
and extremities in combination of 3-dimensional ultrasound
examination, fetal MRI, and molecular biology analysis for

prenatal diagnosis.”

CT, computed tomography; MRI, magnetic resonance imaging; 3D, 3-dimensional; ICU, intensive care unit.

development This need also employed, age of Dpatient, the were under-reported in the included
depends on the type and extent of the specific suture affected.”>’* Additionally, studies. None assessed QOL or cognitive
deformity specific  sutures syndromic craniosynostoses are linked to outcomes as primary endpoints, and only
involved. Staged operations are often significantly increased reoperation 4 studies's 10404 mentioned
recommended, particularly for syndromic rates.”® Although craniometric craniometrics all of which are important
patients.>>”*”3  The  likelihood of  evaluations, neurocognitive development, outcome measures crucial for evaluating
undergoing a second surgery also varies and QOL are crucial in assessing patient recovery.”>’® This reflects a

depending on the

surgical approach craniosynostosis outcomes, these metrics significant gap in the existing literature,
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limiting our ability to provide a
comprehensive analysis of long-term sur-
gical outcomes. Future research should
address these deficiencies to fully capture
the impact of surgical interventions on
patients’ overall well-being and functional
development in Africa. Such an approach
would provide a more nuanced under-
standing of treatment efficacy and guide
evidence-based improvements in cranio-
synostosis management.

Limitations

This systematic review on craniosynostosis
encountered several limitations, which we
delineate to provide a comprehensive and
critical evaluation of the evidence. The
examined literature exhibited significant
heterogeneity, posing challenges in con-
ducting a standardized analysis. Despite
our broad search strategy across multiple
databases, this yielded few articles on the
topic. The exclusion of non-English arti-
cles from the analysis, while practical, may
have inadvertently led to the omission of
significant contributions from non-Eng-
lish—speaking countries. The exclusion of
these articles poses a limitation in terms
of the representativeness and inclusivity of
our findings, potentially overlooking
valuable insights and pertinent data.
Additionally, the temporal variability
among the included studies, as they span
several years during which significant ad-
vancements in healthcare practices, tech-
nology, and craniosynostosis management
strategies may have occurred. This vari-
ability could affect the relevance and
applicability of older study findings in
current healthcare settings.

This scarcity of literature reflects the
niche nature of the subject and com-
pounds the depth of analysis possible.
This was compounded by the geographic
coverage of our study with data collected
from only 8 African countries, which rep-
resents 14.8% of the continent. Specif-
ically, most of the studies originate from
South Africa and Egypt. More than 99% of
the patients included in this review are
from these 2 countries, with 85% from
South Africa alone. This skewed distribu-
tion introduces a substantial bias toward
the healthcare practices and outcomes of
these countries, limiting the generaliz-
ability of our findings to the entire conti-

expertise mean that the conclusions
derived from studies included in this re-
view cannot be readily extrapolated to
other parts of the continent. It is essential
to recognize that the differences in care
provision across the continent necessitate
cautious interpretation of our findings and
highlight the need for more regionally
inclusive studies to bridge gaps in the
literature and to capture a more compre-
hensive understanding of this condition
across Africa.

While this review provides valuable in-
sights into craniosynostosis in Africa, the
limited geographic representation and the
significant bias toward 2 country data are
critical limitations that restrict the appli-
cability of our conclusions to the entire
African continent. Future research should
aim to include a more diverse range of
studies from various regions across Africa
to provide a more comprehensive under-
standing of craniosynostosis and its
management on the continent.

Future Directions

Improving craniosynostosis care in Africa
requires specialized infrastructure, sup-
ported by international collaborations,
targeted investments, and private initia-
tives. Programs like the WENS equipment
donation highlight scalable models for
growth.”” Developing a skilled pediatric
neurosurgical workforce lies at the heart
of improving care for these patients and
relies on  education, international
collaboration, and ongoing training.
Partnerships with global institutions and
local programs to provide expertise and
practical skills. Simulation laboratories
and localized research foster innovation,
ensuring  sustainable  improvements.
Training local professionals reduces
dependence on external expertise, while
collaborations ~ with ~ high  income
countries facilitate resource sharing and
improved outcomes. These initiatives
bridge disparities and extend care to
underserved regions.

Moving forward, this review lays the
groundwork for future research endeavors
in the field of craniosynostosis in Africa.
There is a pressing demand for studies
delving into the long-term effects of sur-
gical interventions. Such research should
encompass not only the evaluation of

developmental milestones and QOL met-
rics. Expanding the scope to encompass
these will provide a more comprehensive
understanding of the efficacy and impact
of surgical interventions in craniosynos-
tosis patients. Additionally, comparative
studies in African patients between open
and endoscopic surgical techniques could
offer invaluable insights into the efficacy,
safety profiles, and patient outcomes
associated with each method, potentially
guiding surgical best practices. The future
landscape of research on craniosynostosis
would benefit immensely from a more
rigorous approach to data reporting.
Standardizing these data points across
studies will enable a more seamless com-
parison and synthesis of results.

CONCLUSION

There have been few studies on craniosy-
nostosis in Africa, highlighting the need
for more research to better understand
this condition within the continent.
Despite limited resources, treatment of
craniosynostosis in Africa using OTs yields
few complications and a low mortality
rate. Improving patient outcomes relies on
expanding neurosurgical training,
research, and collaboration.
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Supplemental Table 1. Summary of Demographics, Preclinical Characteristics, Management Strategies, and Outcomes of all Retrospective and Prospective Studies

Mean Last
Presenting Signs  Associated Follow-Up,
Number Mean Age  and Symptoms Genetic/ Craniometrics, Management and Reported
Author, Year, of in Years, Medical Congenital Imaging Fusion Postmanagement  Postsurgical Clinical
# Country Study Aim Patients Sex Comorbidities Conditions  Modality  Characteristics Complications Outcomes Outcome Conclusion
1 Labuschagne To discuss the 18 0.28, 10 M, N/A N/A CT scan (18) Mean preoperative  Endoscope-assisted Cl 6 weeks 17 months, In this modest
J, 2023, South  experience in 8 F Cl (67.7) suturectomy (18) postoperative All parents single-hospital
Africa’ treating pediatric Scaphocephaly (18) ~ No intraoperative  (77.1), CI 1 year  were satisfied series, the
patients with complications postoperative with the authors
sagittal synostosis observed (76.3) cosmetic demonstrated the
using minimally outcome of the feasibility of
invasive flexible procedure FEASR in treating
endoscopic sagittal
techniques synostosis with
followed by favorable
cranial helmet cosmetic
molding therapy. outcomes.
2 Bisetty et al,  To analyze and 24 247,20 M, N/A N/A CT scan (24) Mean Cl N/A N/A N/A The morphometric
2022, South compare the 4 F (67.1 £ 3.51) dimensions
Africa’ morphometry of Scaphocephaly (24) obtained in the
the anterior, present study
middle, and indicate a

posterior cranial
fossae in patients
with
scaphocephaly.

preponderance of
deformity in the
ACF and PCF,
especially with

elongation along
the AP plane

(lengths) in
scaphocephalic
patients.

M, male; F, female; N/A, not available; CT, computed tomography; Cl, Cephalic Index; FEASR, flexible endoscope-assisted suture release; ACF, anterior cranial fossa; PCF, posterior cranial fossa; AP, anteroposterior; CNS, central nervous system; MRI,
magnetic resonance imaging; WC, Whitaker classification; LVP, lateral vault panel; ET, endotracheal; CV, cranial volume; ACV, anterior cranial volume; PCV, posterior cranial volume; ADM, acellular dermal matrix; MZ, monozygotic; DZ, dizygotic; TCD,

transcranial Doppler; ICP, intracranial pressure; CSF, cerebrospinal fluid.

Continues

IV L3 Odva omavm>i

V3Id4dV NI SISOLSONASOINVYEI

M3IATY FUNLVHILA


www.journals.elsevier.com/world-neurosurgery

vl

WOJ'1LJ3d1d3INIIIS " MMM

9LL'LL'PZ0Z NANM'T/91 0L 0L/9¥0°10d//:SdliH ‘A¥IDANSO{NIAN ATd0OM

Supplemental Table 1. Continued

Mean Last
Presenting Signs  Associated Follow-Up,
Number Mean Age and Symptoms Genetic/ Craniometrics, Management and Reported
Author, Year, of in Years, Medical Congenital Imaging Fusion Postmanagement  Postsurgical Clinical
# Country Study Aim Patients Sex Comorbidities Conditions  Modality Characteristics Complications Outcomes Outcome Conclusion
3 Mohan et al., To document and 18 1.23, 8 M, N/A N/A CT scan (18)  Width: Ipsilateral N/A N/A N/A There was side-
2022, South compare the 10 F mean (42.8 + 4.87 to-side asymmetry
Africa® morphometry of mm), contralateral in the ACF, orbit,
the ACF, orbit, and mean (50.7 & 5.84 and ear. The
ear on the mm) volume was the
ipsilateral Length: Ipsilateral most affected of
(synostotic) and mean (26.6 & 6.71 all the significant
contralateral mm), contralateral ACF parameters.
(nonsynostotic) mean (33.1 & 5.36
sides using CT) mm)
scans Curvature:
Ipsilateral mean
(61.1 & 9.81 mm),
contralateral mean
(79.4 £ 9.65 mm)
Volume:
Ipsilateral median
15.0 (13.3—16.4)
cm?, contralateral
median
16.2 (13.9—18.7)
cm®
4 Mohamed E.  To describe the 18 0.78, 12 M,  Hypotelorism (10), N/A CTscan  Trigonocephaly (18), Cranial vault Class | WC (1), 12 months, Regardless of
Elhawary surgical 6F prominent metopic (18), MRl scaphocephaly (2), remodeling (10), Class I WC (3),  papilledema type of surgery,
et al., 2022, management and suture (8) (18) anterior suturectomy (3), open Class Il WC (1), resolved in 18  the outcomes of
Egypt* postoperative CNS anomalies (2), plagiocephaly (2), surgery (13), Class IV WC (3), cases. surgical correction
outcomes in cardiac anomalies multiple suture  endoscopic technique reoperation (3) of metopic
infants with (1). synostosis (1) (5), dural tear (2), synostosis are
metopic wound infection (1), excellent with
Synostosis. seroma (1), only a few
hypotension (1), patients requiring
mortality (1) revision or
developing major
complications.
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5

Madaree
et al., 2021,
South Africa®

llse Crous,
2021, South
Africa®

Fawzy, H.-H
et al., 2019,
Egypt’

To describe a
novel method of
LVP remodeling in
the treatment of
craniosynostosis.

To describe the
craniosynostosis
phenotype in a
South African
population.

To present the
technique of 1-
piece fronto-
orbital distraction
with midline
splitting
osteatomy but
without bandeau
for the treatment
of metopic
craniosynostosis.

106

47

9

0.92, 57 M,
49 F

1.88, 25 M,
22 F

1.14,6 M,
3F

N/A

Visual disturbances/
defects (11), head
deformity (10),
abnormal facial
appearance (27),
seizures (4),
proptosis (5),
hypotelorism (2),
global development
delay (12),
polydactyly (2)
syndactyly (5)
brachydactyly (1)
broad thumbs (5),
myelomeningocele

(1)
N/A

N/A

Crouzon
syndrome (8),
Apert
syndrome (4),
Pfeiffer
syndrome (1)

N/A

N/A

CT scan (47)

CT scan (9)

N/A

Average head
circumference (32.6
cm), scaphocephaly pressure sore from ET
(28), trigonocephaly
(6), brachycephaly
(6), plagiocephaly (3)

Mean CV (943.7
cm®), mean Cl (90.8),
mean ACV (298.2
cm?), mean PCV
(636.7 cm?)
Trigonocephaly (9)

Open surgery (106)
N/A

Surgery—unspecified

(47), bleeding (1),

tube (1)

Open surgery (9),
distraction
osteogenesis (9)
N/A

Postoperative Cl
at 1 year ranged
from 73 to 82
with a mean of
75%.

N/A

No major
complications or
mortality.

N/A

N/A

17 months,
satisfactory
aesthetic and
functional
outcomes (9)

The wedge
osteotomy and
modification of

the LVP is a

simple and

effective method
to increase the
biparietal
diameter and to
improve the
cephalic index. It
is a quick and
expedient
technique with
satisfactory
outcomes.

Recognizing and
understanding the
phenotypic
spectrum of
craniosynostosis
will aid in
improving the
detection rate and
allow for earlier
diagnosis of
complex
craniosynostosis
which can lead to
an improved
outcome.

The technique of
1-piece fronto-
orbital distraction
with midline
splitting
osteotomy but
without bandeau
is an effective
surgical option for
the treatment of
metopic
craniosynostosis.

M, male; F, female; N/A, not available; CT, computed tomography; Cl, Cephalic Index; FEASR, flexible endoscope-assisted suture release; ACF, anterior cranial fossa; PCF, posterior cranial fossa; AP, anteroposterior; CNS, central nervous system; MRI,

magnetic resonance imaging; WC, Whitaker classification; LVP, lateral vault panel; ET, endotracheal; CV, cranial volume; ACV, anterior cranial volume; PCV, posterior cranial volume; ADM, acellular dermal matrix; MZ, monozygotic; DZ, dizygotic; TCD,
transcranial Doppler; ICP, intracranial pressure; CSF, cerebrospinal fluid.
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Supplemental Table 1. Continued

intraoperative ICP
measurements as
determined by
lumbar puncture
and with CT
features of
elevated ICP

plagiocephaly (2),
brachycephaly (2)

Mean Last
Presenting Signs  Associated Follow-Up,
Number Mean Age and Symptoms Genetic/ Craniometrics, Management and Reported
Author, Year, of in Years, Medical Congenital Imaging Fusion Postmanagement  Postsurgical Clinical
# Country Study Aim Patients Sex Comorbidities Conditions  Modality Characteristics Complications Outcomes Outcome Conclusion
8 Madaree To evaluate the 35 171,21 M, N/A N/A N/A Plagiocephaly (12), Cranial vault Infection (0), 23 months,  As compared with
et al., 2018,  use of acellular 14 F brachycephaly (7),  remodeling (35), open seroma (0) N/A the pre-ADM
South Africa®  dermal matrix in scaphocephaly (10), surgery (35) patients, we have
diminishing trigonocephaly (4), N/A noticed better
contour multiple suture outcomes and
irregularities in synostosis (2) lesser contour
the frontal region problems since
following we commenced
craniofacial the use of ADMs.
reconstruction for
craniosynostosis
9 Kleintjs, W.G, To correlate the 8 N/A Craniofacial Crouzon N/A Plagiocephaly (4),  Surgery—unspecified Cosmetic N/A Twins with
2005, South  craniofacial and abnormalities (12)  syndrome (2) scaphocephaly (3), (8) improvement® craniofacial
Africa’ systemic trigonocephaly (1) N/A abnormalities are
anomalies in rare. The authors
twins found that MZ
twins are affected
more and are
more likely to
have both siblings
affected. DZ twins
are affected less
and are unlikely
to have a co-twin
affected.
10  Govender PV To correlate 16 2.15, Head deformity (16), Crouzon CT scan Multiple suture Open surgery (16), N/A 0.5 months, The 3 modalities
et al., 1999,  preoperative and 1M, 4F increased ICP (16) syndrome (3),  (16), TCD synostosis (9), suturectomy (16) N/A TCD, ICP, and CT
South Africa’® postoperative TCD Apert (16) scaphocephaly (4), N/A showed poor
findings with syndrome (4) anterior correlation with

each other. No
single parameter
can be used in the
assessment of
children with
craniosynostosis
in isolation; a
constellation of
parameters
provides the most
useful
information.
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1 Wall SA,
1994, South
Africa'

12 Assaad et al.,
1987, Egypt"’

13 W.J. Peacock,
1982, South
Africa'?

To review all of
the cases that had
undergone
surgery for
craniosynostosis
in the Birmingham
and Oxford units
and to document
the nature and
number of cases
that subsequently
required further
major fronto-
orbital revision,
which had not
been anticipated
as part of their
initial surgical
plan, and to
correlate this with
the timing of the
first procedure.

To review the
operative
procedures in
treatment of
craniosynostosis
with
decompression of
the brain and
improvement of
facial appearance
as the primary
objectives.

To describe the
treatment of
craniosynostosis
and methods used
in treating
craniosynostosis
at Department of
Neurosurgery at
the University of
Cape Town

219 0.95, 105
M, 114 F
25 46,18 M,
7F
52 N/A

Head deformity
(219)

Head deformity (12),
visual failure (10),
headache (7), facial
appearance (3),
exophthalmos (17),
hydrocephalus (1),
ventricular septal
defect (1), high
arched palate (1),
growing skull
fracture (1), reduced
visual acuity (18)

Craniofacial
dysostosis (7)

Apert
syndrome

(24), Crouzon

syndrome
(30), Pfeiffer

syndrome (4),

Saethre-
Chotzen

syndrome (5),

Carpenter
syndrome (2)

Crouzon
syndrome (2)

N/A

N/A

X-ray (25),
CT scan (25)

N/A

Trigonocephaly (28),
scaphocephaly (16),
anterior
plagiocephaly (108),
posterior
plagiocephaly (6),
multiple suture
synostosis (63)

Scaphocephaly (6),
plagiocephaly (2),
trigonocephaly (2),
brachycephaly (6),
oxycephaly (7)

Scaphocephaly (12),
anterior
plagiocephaly (9),
posterior
plagiocephaly (1),
trigonocephaly (1),
brachycephaly (13),
multiple suture
synostosis (16)

Fronto-orbital
advancement (191),
suturectomy (28),
cranial vault
remodeling (1)
N/A

Fronto-orbital
advancement (19),

suturectomy (6), open
surgery (25), CSF leak

(2), surgical site
infection (1)

Fronto-orbital
advancement (9),
suturectomy (43),
open surgery (52)

N/A

Reoperation (15)

The overall
results were
satisfactory,
CSF leak (1),
facial
appearance
improved in the
majority of the
cases

Reoperation (5)

41 months

Resolved
headache (25),

improved visual

acuity (4)

N/A

Early craniofacial
surgery for
craniosynostosis
increases the
need for a repeat
fronto-orbital
procedure, as a
significantly
larger proportion
of the children
operated on
before the age of
6 months needed
reoperation

The addition of
strip
craniectomies to
the forehead
advancement
technique has
been followed by
satisfactory
improvement of
the face and skull
shape.

To achieve
acceptable
improvement
surgery should be
performed as
early as possible,
preferably within
the first few
weeks of life.

M, male; F, female; N/A, not available; CT, computed tomography; Cl, Cephalic Index; FEASR, flexible endoscope-assisted suture release; ACF, anterior cranial fossa; PCF, posterior cranial fossa; AP, anteroposterior; CNS, central nervous system; MRI,
magnetic resonance imaging; WC, Whitaker classification; LVP, lateral vault panel; ET, endotracheal; CV, cranial volume; ACV, anterior cranial volume; PCV, posterior cranial volume; ADM, acellular dermal matrix; MZ, monozygotic; DZ, dizygotic; TCD,

transcranial Doppler; ICP, intracranial pressure; CSF, cerebrospinal fluid.
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Supplemental Table 1. Continued

Mean Last
Presenting Signs  Associated Follow-Up,
Number Mean Age and Symptoms Genetic/ Craniometrics, Management and Reported
Author, Year, of in Years, Medical Congenital Imaging Fusion Postmanagement  Postsurgical Clinical
# Country Study Aim Patients Sex Comorbidities Conditions  Modality Characteristics Complications Outcomes Outcome Conclusion
14 el-Sherif H To investigate 25 6.48, 23 M, Headache (16), N/A X-ray (25) Oxycephaly (25) Suturectomy (25), Reoperation (1) 36 months, Unlike the disease
et al., 1970,  craniosynostosis 2 [ reduced visual open surgery (25), headaches,  in other countries,
Egypt" in Egypt through acuity (20), vomiting CSF leak (1), vomiting, where sagittal
clinical, (7), seizures (4), hyperthermia (2) bilateral synostosis is the
radiological, and proptosis (20), optic extensor plantar ~ most common
biochemical atrophy (19), responses, variety,
approaches, nystagmus (5), grand mal oxycephaly
focusing on babinski (5) seizures, and represents the
prevalent types bladder most common
and optimal incontinence clinical entity in
surgical disappeared Egypt.
management. postoperatively
(25), improved
visual acuity (9)
M., male; F, female; N/A, not available; CT, computed tomography; Cl, Cephalic Index; FEASR, flexible endoscope-assisted suture release; ACF, anterior cranial fossa; PCF, posterior cranial fossa; AP, anteroposterior; CNS, central nervous system; MRI,
magnetic resonance imaging; WC, Whitaker classification; LVP, lateral vault panel; ET, endotracheal; CV, cranial volume; ACV, anterior cranial volume; PCV, posterior cranial volume; ADM, acellular dermal matrix; MZ, monozygotic; DZ, dizygotic; TCD,
transcranial Doppler; ICP, intracranial pressure; CSF, cerebrospinal fluid.
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Supplemental Table 2. Summary of Demographics, Preclinical Characteristics, Management Strategies, and Outcomes of all Case Reports

Associated
Genetic/
Presenting Congenital
Age Symptoms Syndromes Craniometrics Management and Mean Follow-Up (in
Author, Year (Years), Presenting and Imaging Fusion Postmanagement Months); Reported
# Country Study Aim Sex Signs Conditions Modality Characteristics  Complications Clinical Outcome Conclusion
1 Bouaré F, 2022, To report a case of a 1, M Forehead Carpenter CT scan Oxycephaly Fronto-orbital 2 months, improved Early corrective
Morocco™ 12-month-old male flattening, limb syndrome, advancement surgery is typically
who presented with abnormalities,  congenital heart Massive done within 6—12
craniofacial facial deformity, defects hemorrhage months of age. MRA
deformities and developmental can detect venous
neurological delay, abnormalities that risk
abnormalities. intellectual bleeding, and 3D CT
disability imaging assesses
skull weakening to
prevent bone
fragmentation during
cranial flap creation.
Addressing these
issues can reduce
surgery cancellations
and improve
outcomes.
2 Lodhia J, 2021, Investigated the 06, F Limb N/A X-ray, CT Trigonocephaly Surgical N/A The initial diagnosis
Tanzania'® first genetically abnormalities, scan, USG of CS in this patient

confirmed Carpenter
syndrome patient
from continental
Africa who
presented with
neurological deficits
(including
craniosynostosis)

facial deformity

was made by physical
examination and
showed the
importance of
dysmorphology
training as an element
in the medical
curriculum, even in
low-resource settings.

M, male; CT, computed tomography; MRA, magnetic resonance angiography; 3D, 3-dimensional; F, female; N/A, not available; USG, ultrasonography; CS, craniosynostosis; HC, head circumference; 9p, long arm of Chromosome 9; MRI, magnetic
resonance imaging; SD, standard deviation; ICP, intracranial pressure; CDSS, Crouzonodermoskeletal syndrome.
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Supplemental Table 2. Continued

various effects on
the body in a
neonate from Ghana

facial deformity,
macrocephaly,
limb
abnormalities,

Associated
Genetic/
Presenting Congenital
Age Symptoms Syndromes Craniometrics Management and Mean Follow-Up (in
Author, Year (Years), Presenting and Imaging Fusion Postmanagement Months); Reported
# Country Study Aim Sex Signs Conditions Modality Characteristics  Complications Clinical Outcome Conclusion
3 Bot G. M., 2021, Documented a case 145 (7 Forehead N/A CT scan Anterior Unilateral fronto- Improved The need for
Nigeria'® of anterior cranial flattening plagiocephaly  orbital advancement multidisciplinary
remodeling and collaboration, training,
orbital advancement and adaptable
in Nigeria. surgical techniques
such as the modified
buttress technique is
necessary in
developing this part of
neurosurgery.
Therefore, routine
craniosynostosis
surgery is feasible in
sub-Saharan Africa.
4 Danso K. A, Investigated Pfieffer N/A, F Dyspnea, limb Pfeiffer X-ray, USG HC (38.8 cm) Conservative N/A In terms of clinical
2021, Ghana'’ syndrome and its abnormalities, syndrome practice, this case will

aid healthcare
providers especially in
areas of low
accessibility to
identify and manage
the condition and
counsel the families
of affected
individuals.
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5 Mohamed A.

Delineated the
M., 2021, clinical phenotype
Egypt'® of patients with 9p
deletions, identified
the chromosomal
breakpoints, and
observed the critical
region for
trigonocephaly,
which is a common
finding in 9p
terminal deletion

04, M

09, F

9, F

3 M

6, F

Limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability,
congenital heart
defects, limb
abnormalities

Microcephaly,
limb,
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
Microcephaly,
limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
Congenital
heart defects,
limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
Congenital
heart defects,
limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability

9p deletion
syndrome

9p deletion
syndrome

9p deletion
syndrome

9p deletion
syndrome

9p deletion
syndrome

CT scan,
MRI

CT scan,
MRI

CT scan

CT scan,
MRI

CT scan,
MRI

—058D N/A
Trigonocephaly
N/A N/A
Trigonocephaly
—-298D N/A
Trigonocephaly
—318D N/A
Trigonocephaly
—1SD N/A
Trigonocephaly

N/A Clinical findings
reflected the typical
phenotype of 9p
deletion syndrome
which suggested that
the genome location
of 11,587,302
—11,575,785 in band
9p23 is the critical
region for

N/A trigonocephaly

N/A

N/A

N/A

M, male; CT, computed tomography; MRA, magnetic resonance angiography; 3D, 3-dimensional; F, female; N/A, not available; USG, ultrasonography; CS, craniosynostosis; HC, head circumference; 9p, long arm of Chromosome 9; MRI, magnetic

resonance imaging; SD, standard deviation; ICP, intracranial pressure; CDSS, Crouzonodermoskeletal syndrome.
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Supplemental Table 2. Continued

abnormalities,
facial deformity,
developmental
delay,
intellectual
disability

Associated
Genetic/
Presenting Congenital
Age Symptoms Syndromes Craniometrics Management and Mean Follow-Up (in
Author, Year (Years), Presenting and Imaging Fusion Postmanagement Months); Reported
# Country Study Aim Sex Signs Conditions Modality Characteristics  Complications Clinical Outcome Conclusion
18, F Microcephaly, 9p deletion MRI -2 8D N/A N/A
congenital heart syndrome Trigonocephaly
defects, limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
03, F Congenital 9p deletion CT scan, —-32SD N/A N/A
heart defects, syndrome MRI Trigonocephaly
limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
27, M Congenital 9p deletion CT scan, —09 SD N/A N/A
heart defects, syndrome MRI Trigonocephaly
limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability
08, F Macrocephaly, 9p deletion N/A N/A N/A N/A
limb syndrome Trigonocephaly
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6 Nsir A. B., 2016, Discussed the
Tunisia' difference between
the
frontosphenoidal
suture and that of
unilateral coronal
suture

7 Saghir S, 2015,  Discussed a rare

Morocco” case of familial
nonsyndromic
trigonocephaly

8 Lumaka A, Presented a

2014, Congo”’  Congolese male
patient and his
mother who were
affected by Apert
syndrome of

variable severity

9 Hamouda H. B., Reported a case of
2012, Tunisia”>  Pfeiffer syndrome
type Il, discovered
perinatally, which
was distinguished
from type Ill by the
skull appearing like
a cloverleaf, and the
clinical, radiological,
and evolutive
features and the
advantage of
prenatal diagnosis
of this syndrome
with a review of the
literature

18, M Forehead N/A CT scan Plagiocephaly Bilateral fronto-
flattening, facial orbital advancement
deformity
01,F Forehead N/A CT scan Plagiocephaly Unilateral fronto-
flattening, facial orbital advancement
deformity
0, M N/A Trigonocephaly CT scan HC (34 cm) Conservative
Trigonocephaly
0.1, M Limb Apert syndrome X-ray HC (41 cm) N/A
abnormalities,
facial deformity
0, M Macrocephaly, Pfeiffer X-ray, CT HC (37 cm) Conservative
dyspnea, limb syndrome scan, USG Brachycephaly

abnormalities,
facial deformity,
raised ICP

Improved

Improved

month
Improved

N/A

N/A

Frontosphenoidal
synostosis should be
suspected and
carefully searched
when dealing with
plagiocephaly with
patent coronal suture.
Good outcome
requires a prompt
diagnosis and early
correction.

N/A

Authors discovered a
novel and unique
mutation involving 3
adjacent nucleatides.
The present report
underscored the
usefulness of
reaching a molecular
diagnosis, even in
cases with a well-
known genetic
condition and where
the spectrum of
mutations is known.

Prenatal diagnosis of
Pfeiffer syndrome
remains difficult and
is based on
methodical fetal
ultrasonography
exploring the head,
face, and extremities,
with, in addition, if
there are
abnormalities, a 3-
dimensional
ultrasound
examination and fetal
MRI with a molecular
biology analysis.

M, male; CT, computed tomography; MRA, magnetic resonance angiography; 3D, 3-dimensional; F, female; N/A, not available; USG, ultrasonography; CS, craniosynostosis; HC, head circumference; 9p, long arm of Chromosome 9; MRI, magnetic
resonance imaging; SD, standard deviation; ICP, intracranial pressure; CDSS, Crouzonodermoskeletal syndrome.
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Supplemental Table 2. Continued

Associated
Genetic/
Presenting Congenital
Age Symptoms Syndromes Craniometrics Management and Mean Follow-Up (in
Author, Year (Years), Presenting and Imaging Fusion Postmanagement Months); Reported
# Country Study Aim Sex Signs Conditions Modality Characteristics  Complications Clinical Outcome Conclusion
10 Hlongwa P. J., Investigated the 7, M Facial deformity Autosomal X-ray Multiple suture Surgery-Multiple Improved An understanding of
2009, South  case of a 7-year-old dominant Synostosis craniotomies and these abnormalities is
Africa”® South African with mutation in the conservative necessary for the
Crouzon syndrome FGFR2 gene physiotherapy/ dental team to make
and the orthodontic equipment based the appropriate
measures taken to (maxillary anterior referrals to ensure the
correct his condition expansion using patient receives the
removable best available care.
expansion The orthodontist can
appliance) be an integral part of
the multidisciplinary
team.
1 Jeftha A, 2004,  We have recently 2,7 Head deformity, Crouzon USG, X-ray HC (34 cm) N/A N/A The delineation of the
South Africa”  documented a South facial deformity, syndrome CDSS as a distinctive
African child with axillary and entity with a well-
the CDSS. In this groin dark skin defined molecular
article, we briefly pigmentation, basis has important
reviewed the implications for
nosology of the prognostication and
disorder and clinical and genetic
discussed the management.
general orodental
management and
genetic implications.
12 Farag H. M., Made a diagnostic N/A, F Head deformity N/A N/A Anterior N/A N/A Abnormalities were
1999, Egypt” evaluation of plagiocephaly, shown up by G-
craniofacial trigonocephaly banding and by
anomalies, either flourescence in situ
isolated or part of a hybridization studies.
genetic syndrome, This proved to be a
and highlighted the rapid and efficient
importance of using method
minor features, as "~y M Head deformity Pfaiffer N/A Anterior N/A N/A N/A
il [ ] syndrome type 1 plagiocephaly
apparent ones, to
obtain accurate N/A Head deformity Crouzon X-ray Anterior N/A N/A N/A
diagnoses syndrome plagiocephaly
N/A, M Head deformity Crouzon N/A Scaphocephaly N/A N/A N/A
syndrome,
N/A, M Head deformity Carpenter N/A Anterior N/A N/A N/A
syndrome plagiocephaly
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(113 Samson G, Reported a possibly
1996, South new syndrome
Africa”® involving
craniosynostosis
accompanied by
other congenital
anomalies
14 Christianson A.  Discusses a possible
L., 1996, South case of Proteus
Africa”’ syndrome in

comparison with

another known

similar case in
literature

0.1, M Microcephaly,
congenital heart
defects, limb
abnormalities,
facial deformity,
developmental
delay,
intellectual
disability, raised
ICP

3, M Macrocephaly,
limb

abnormalities,

facial deformity,

developmental

delay,
intellectual
disability

N/A

Proteus
syndrome

X-ray, CT
scan

X-ray, CT
scan

HC (22 cm)

N/A

Conservative

Conservative

0.14 months
Death

No neurological
abnormalities reported

The specific
combination of
anomalies present in
this South African boy
appears to be unique
and do not match to
previously described
syndromes. Therefore,
we conclude that they
represent a hitherto
previously
undelineated
syndrome.

It is unclear if the
patient will develop
pathognomonic signs
of Proteus syndrome

or if the
manifestations in this

child will have a
different prognosis.

Thus, ongoing
monitoring was
indicated for this
child, and similar

patients, because of

the concern of tumors

and complications of
focal overgrowth.

M, male; CT, computed tomography; MRA, magnetic resonance angiography; 3D, 3-dimensional; F, female; N/A, not available; USG, ultrasonography; CS, craniosynostosis; HC, head circumference; 9p, long arm of Chromosome 9; MRI, magnetic
resonance imaging; SD, standard deviation; ICP, intracranial pressure; CDSS, Crouzonodermoskeletal syndrome.
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