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Abstract

Objectives: Traumatic brain injury (TBI) represents a major
health concern worldwide with a large impact in the Middle
East and North Africa (MENA) region as a consequence of
protracted wars and conflicts that adversely affect the gen-
eral population. Currently, systematic TBI studies in the
MENA region are lacking, nonetheless they are immensely
needed to enhance trauma management and increase sur-
vival rates among TBI patients. This systematic review aims
to characterize TBI in the MENA region to guide future poli-
cy choices and research efforts and inform tailored guide-
lines capable of improving TBI management and patient
treatment and outcome. Furthermore, it will serve as a road
map to evaluate and assess knowledge of trauma impact on
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regional health systems that can be adopted by health-care
providers to raise awareness and improve trauma care.
Methods: We conducted a comprehensive search strategy
of several databases including MEDLINE/Ovid, PubMed, Em-
base, Scopus, CINAHL, Google Scholar, and the grey litera-
ture in accordance with the PROSPERO systematic review
protocol CRD42017058952. Abstracts were screened, and
selected eligible studies were reviewed independently by 2
reviewers. We collected demographics information along
with TBI characteristics, mortality rates, and regional distri-
bution. Data were extracted using REDCap and checked for
accuracy. Results: The search strategy yielded 23,385 cita-
tions; 147 studies met the eligibility criteria and were includ-
edinthis review. Motor vehicle accident (MVA) was the lead-
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ing cause of TBI (41%) in the MENA region, followed by the
military- (15.6%) and fall- (8.8%) related TBI. Males predom-
inantly suffer from TBI-related injuries (85%), with a high
prevalence of MVA- and military-related TBI injuries. The TBI
mortality rate was 12.9%. The leading causes of mortality
were MVA (68%), military (20.5%), and assault (2.9%). The
vast majority of reported TBI severity was mild (63.1%) com-
pared to moderate (10.7%) and severe TBI (20.2%). Patients
mainly underwent a Glasgow Coma Scale assessment
(22.1%), followed by computed tomography scan (8.9%)
and surgery (4.1%). Conclusions: Despite its clinical, social,
and economic burden, the evidence of TBI research in the
MENA region is scarce. Further research and high-quality
epidemiological studies are urgently needed to gain a deep
understanding of the TBI burden in the region, facilitate the
allocation of adequate resources, implement effective pre-
ventive and intervention strategies and advise on the TBI
patient management as reflective on the TBI patterns and
modes. © 2021 S. Karger AG, Basel

Introduction

Traumatic brain injury (TBI) represents one of the
leading causes of death and long-term disability globally
[1, 2]. An estimated 69 million (95% UI 64-74 million)
individuals sustained a form of TBI in 2017, resulting in
emergency visits and hospitalizations [3]. TBI is defined
as an acute injury to the brain caused by a penetrating
head injury or by an external physical force to the head/
face (i.e., a blow, a bump, or a jolt), leading to the impair-
ment of neurological functions, and in many cases, the
disruption of physical, cognitive, and mental functioning
[1]. Depending on the severity of the TBI (i.e., mild, mod-
erate, or severe), a range of symptoms manifest with a
particular impairment associated with each TBI severity
level. These symptoms span across a wide spectrum,
ranging from physical impairment, including loss of con-
sciousness (LOC), dizziness, and blurred vision, to be-
havioral and mood changes.

Low- and middle-income countries bear a large bur-
den of TBI, with an estimated number of cases 3 times
larger compared to high-income countries [4]. An ex-
amination of the external causes of TBI in the Middle
East and North Africa (MENA) region shows high rates
of TBI associated with war operations, conflicts and vio-
lence, road traffic injuries, and fall injuries [5]. These re-
portedly high rates stem from protracted regional wars,
constant political instability coupled with major defi-
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ciencies in government enforcement of safety regula-
tions, which exacerbate the TBI problem in the region.
According to the Global Burden of Disease 2017, more
than 1.8 million individuals suffered from TBI in 2017 in
the MENA region [3]. The incidence rate for minor and
moderate/severe TBI in 2017 was 176.8 and 134.9 per
100,000 population, respectively. Despite its substantial
human burden, a limited number of studies investigated
the epidemiology of TBI in the MENA region. Existing
regional studies were limited in their scopes and system-
atic approach, focusing mainly on a particular type of
TBI and its population, or geographic area, which limits
data use, potential to draw conclusions, enhance patient
management, increase survival rates and decrease mor-
tality as discussed by Hejase et al. [6]. To the best of our
knowledge, there has not been any systematic review ex-
ploring TBI and its epidemiology in the MENA region.

Here, we aim to conduct a systematic review of the lit-
erature to investigate characteristics and epidemiological
regional patterns of TBI in the MENA, analyzing TBI
types, external causes, clinical presentation, and disposi-
tion. This review will help to understand the breadth and
depth of the existing TBI literature in the region and to
develop benchmarks for evaluating existing TBI quality
of care. Furthermore, such information will be a vital step
towards identifying best clinical practices, appropriately
allocating resources, and setting critical research priority
areas. Evidence from this review will contribute to in-
forming policy makers and supporting the development
of strategic tailored guidelines for improving the manage-
ment and treatment of TBI in the MENA region.

Methodology

Study Registration and Search Strategy

The systematic review was conducted according to our regis-
tered protocol (PROSPERO CRD42017058952; available on:
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42017058952). The design is consistent with the rec-
ommendations made in the “Cochrane Handbook for Systematic
Reviews and Meta-Analysis,” with reporting based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [7]. We searched the following electronic
databases: MEDLINE/Ovid, PubMed, Embase, Scopus, CINAHL,
and Google Scholar (see online suppl. material; for all online sup-
pl. material, see www.karger.com/doi/10.1159/000511554) from
their inception till August 2019. Screening was restricted to lan-
guages English, French, and Arabic. Related key index and MeSH
terms were selected in the search strategy, including “Brain injury”
and “Brain trauma” or “Brain concussion,” “Brain hemorrhage,”
“Brain bleeding,” “Middle Eastern,” “North Africa” (see online
suppl. material for a full search strategy). Grey literature was
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Fig. 1. PRISMA chart design for TBIs in the
MENA region. The PRISMA chart was de-
signed to quantify the prevalence and epi-
demiology of TBIs in the MENA region.
TBI, traumatic brain injury; MENA, Mid-
dle East and North Africa; PRISMA, Pre-
ferred Reporting Items for Systematic Re-
views and Meta-Analyses.

=]
.2
wv
3
]
i

................................ —

Records identified through database searching

;OVID (n = 3,196); Pubmed (n = 7,338); Cochrane (n = 797):
: Scopus (n = 2,949); WOS (n = 3,043); CINAHL (n = 1,163)

Additional record
identified through
: other sources
(n=2)

(n = 23,385) :

Embase (n = 4,899)

o Duplicate records
removed (n = 7,364)

Records screened after
duplicates excluded

(n =16,021)
L Records excluded
I (n =15,724)
Y
Full-text articles
assessed for eligibility
(n =297)

Full-text articles excluded
(n = 150)
-Articles being only abstracts

.| -Articles not addressing TBI

-Articles not conducted on
MENA population
-Articles were not peer-

Y reviewed

7 Total studies included in 1
; qualitative synthesis !
; (n = 147) !

PRISMA diagram for TBI
MENA region:
quantifying the prevalence of TBIs

searched, including conference proceedings, dissertations, gov-
ernmental records, and non-government organizations’ docu-
ments. Cited and citing reference lists of all included studies were
also examined for relevant articles.

Inclusion Exclusion Criteria

Retrieved studies were eligible for inclusion if they (1) investi-
gated patients (outpatient or inpatient) with an admission diagno-
sis of TBI that is confirmed by a physician and (2) were unpub-
lished or published cross-sectional, case-control, prospective, ret-
rospective, and clinical trial studies in the MENA region. The
MENA region refers to the following countries: Algeria, Bahrain,
Afghanistan, Djibouti, Egypt, Iraq, Jordan, Kuwait, Lebanon, Lib-
ya, Malta, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia,
United Arab Emirates, Palestine (West Bank and Gaza), and Ye-
men. Iran, Turkey, and Israel were not included in this review.
Articles were excluded if the article was only abstract, conference

22 Neuroepidemiology 2021;55:20-31
DOI: 10.1159/000511554

lecture, non-TBI, in a language other than English, French, or Ar-
abic and if the reported TBI study was conducted outside the
MENA region as defined above.

Article Screening

Article titles and abstracts were screened by at least 2 indepen-
dentinvestigators (Z.H.,].C., M.A.,K.K,,and H.A.) after removing
duplicates using EndNote. The reviewers (Z.H., ].C., M.A., KK,
and H.A.) retrieved the full texts of articles that met the study’s
eligibility criteria. Kappa statistics were calculated to assess and
evaluate the agreement between the 2 reviewers who screened the
articles for eligibility. The REDCap software was adopted to design
the data collection form and to capture variables. Two other re-
viewers (Z.H. and M.A.) - independently and in duplicate -
screened the full texts of the articles identified by the first 2 review-
ers and completed the database. In cases of disagreement, senior
reviewers (S.A. and F. K.) were consulted to resolve the disparity.
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Table 1. Regional distribution of TBI studies, sample size, and severity (mild, moderate, and severe) across counties in the MENA region

Country of Country Records Sample size,  TBI severity
iy ol Zf(i/?)ldles’ " mild TBI, moderate TBI,  severe TBI,

n (%) n (%) n (%)
KSA High 33 (22.4%) 29,807 843 (2.8%) 550 (1.8%) 1,342 (4.5%)
Qatar High 16 (10.8%) 67,606 7,490 (11.1%) 721 (1.1%) 708 (1.1%)
UAE High 16 (10.8%) 6,308 501 (7.9%) 50 (0.7%) 95 (1.5%)
Egypt Lower middle 14 (9.5%) 5,455 1,087 (19.9%) 142 (2.6%) 238 (4.4%)
Iraq Upper middle 10 (6.8%) 6,663 59 (0.8%) 12 (0.2%) 32 (0.5%)
Oman High 9 (6.1%) 1,325 10 (0.7%) 4(0.3%) 233 (17.6%)
Tunisia Upper middle 9 (6.1%) 2,148 282 (13.1%) 17 (0.8%) 249 (11.6%)
Kuwait High 7 (4.7%) 330 153 (46.3%) 17 (5.1%) 105 (31.8%)
Jordan Upper middle 6 (4.0%) 2,218 627 (28.3%) 243 (10.9%) 814 (36.7%)
Lebanon Upper middle 6 (4.0%) 1,797 0 (0%) 0 (0%) 2 (0.1%)
Syria Lower middle 5(3.4%) 802 18 (2.2%) 6 (0.7%) 20 (2.5%)
Morocco Lower middle 4 (2.7%) 432 42 (9.7%) 0 (0%) 9 (2.1%)
Algeria Upper middle 3 (2.0%) 1,575 69 (4.4%) 225 (14.2%) 334 (21.2%)
Bahrain High 3(2.0%) 296 0 (0%) 0 (0%) 0 (0%)
Palestine Lower middle 2 (1.3%) 412 0 (0%) 0 (0%) 0 (0%)
Afghanistan and Iraq 2 (1.3%) 2,358 0 (0%) 0 (0%) 0 (0%)
Egypt and Palestine 1(0.6%) 116 0 (0%) 0 (0%) 0 (0%)
KSA and UAE 1 (0.6%) 771 707 (91.7%) 20 (2.6%) 40 (5.2%)
Total 147 130,419 11,888 (91.7%) 2,007 (2.6%) 4,221 (5.12%)

KSA, Kingdom of Saudi Arabia; TBI, traumatic brain injury; MENA, Middle East and North Africa.

Data Abstraction and Analysis

The Methodological Evaluation of Observational Research
(MORE) checklist was adopted as a framework to assess the bias
and the quality of the eligible studies. All studies meeting the eligi-
bility criteria were retrieved. Study details abstracted from each ar-
ticle onto the REDCap form, including title, author, publication
year, study design, study time period, source of population, coun-
try, site of study, sample size, case ascertainment method, gender,
age groups, severity (documented severity, Glasgow Coma Scale
[GCS]), LOC, duration of LOC, Injury Severity Score (ISS), Abbre-
viated Injury Scale (AIS), computed tomography (CT) findings,
cause of injury, mechanism of injury, and outcome measures re-
ported (i.e., incidence, prevalence, mortality, and case-fatality). De-
scriptive analysis of the retained studies was conducted to assess the
distribution of TBI literature across the MENA region, the gender
distribution, and the mortality and severity rate of sustained TBIs.

Results

The search strategy yielded 23,385 articles. After re-
moving duplicates and conducting the initial screening,
only 297 met the study criteria and were included for a
full-text review. Of these, 150 were excluded for multiples
reasons including articles being only abstracts, not ad-
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dressing TBI, were not conducted on the MENA popula-
tion, and were not peer-reviewed articles. A total of 147
full-text articles and reports were included in the final
review (please refer to online suppl. data 1 for details on
included studies) (refer to PRISMA chart Fig. 1).

TBI Study Characteristics

The included studies reported cases of TBI within a se-
lected sample frame, mainly the targeted population, such
as patients sustaining a TBI and presenting to regional
emergency departments or patients with TBI admitted to
hospitals. TBI studies were mainly investigating patients’
records retrieved from hospitals and medical centers, re-
habilitation facilities, trauma center, and military combat
support facilities. TBI mortality and severity levels were
the most commonly used measures for TBI assessment.

TBI Regional Distribution

The studies were distributed across the MENA region
with the Kingdom of Saudi Arabia (KSA) reporting the
highest number of TBI publications (22%), followed by
Qatar and UAE (10.8%), Egypt (9.5%), Iraq (6.8), and
Oman and Tunisia (6.1%). The remaining MENA coun-
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Fig. 2. Male to female distribution across TBI incidence. This figure shows the sum of the number of males and
females for each cause of TBI in a descending order from the TBI mechanism with the highest number of males
and females to the lowest number. MV A, motor vehicle accident; TBI, traumatic brain injury.

tries reported less than 10 studies. One study reported
data from 2 countries: KSA and UAE (Table 1).

TBI Gender Distribution

This systematic review found that males predominant-
ly suffered from TBI-related injuries for all mechanisms
of TBI, with an M:F ratio of 5.9. The total number of
males with TBI was 102,305 cases, corresponding to a
proportion of 85% of the review-accumulated sample
size, compared to 17,223 cases for females (15%) (see
Fig. 2). The most common TBI mechanism sustained by
males were MV As. Evident gender differences were illus-
trated across all TBI mechanisms. A remarkably high
prevalence of male TBI victims was reported for MVAs,
military-, and fall-related TBI with M:F ratio of 6.3, 5.4,
and 6.9, respectively. Other TBI mechanisms including
assault/violence reported approximately equal preva-
lence for both males and females (Table 2). Nevertheless,
existing studies hindered the possibility of assessing gen-
der differences among age groups due to the incomplete
and non-standardized documentation.

TBI Mechanism or External Causes

TBIs resulted from several injury mechanisms (Fig. 3).
Fig. 3 represents a TreeMap of the TBI landscape in the
MENA region.

Motor Vehicle Accidents

Motor vehicle accident (MV A) was the most prevalent
mechanism of TBI-related injuries in this review. More
than 40% (N = 61) of the included studies solely reported
MVA-related TBI. MV A incidents represented a substan-
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Table 2. Gender distribution of TBI studies in the MENA region

Cause of TBI Number Number Ratio
of females of males M:F
MVA 12,072 76,234 6.3
Multiple TBI causes 2,552 11,307 44
Military 1,560 8,513 5.4
Fall 769 5,377 6.9
Assault/violence 237 340 1.4
Others 18 14 0.7
Sports and recreational 15 520 34.66
Total 17,223 102,305 59

MENA, Middle East and North Africa; MV A, motor vehicle
accident; TBI, traumatic brain injury; M, male; F, female.

tial health problem that overburdened all the MENA
countries without any exception and was evident in the
overwhelming number of reported studies in the MENA
countries, documenting the severity of sustained head
trauma across all age groups and all populations includ-
ing children and youth MV A [8-10], the elderly [11], and
the adult populations [12-17]. Of interest, MVA-TBI
studies were not limited to vehicle-related injuries; they
included all types of road users, namely pedestrians [18,
19], motorcyclists [20], bicyclists [21], and all-terrain ve-
hicles (ATVs) riders [22].

Military
Twenty-three studies reported military-related TBI,
mainly occurring in countries with lengthy civil wars,

Al-Hajj et al.
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Fig. 3. TreeMap visualization of the land-
scape of TBI literature. This Tableau
TreeMap visualization depicts the land-
scape of TBI literature in the MENA region
by cause of TBI, the sum of number of re-
cords, and the percentage of total number
of records for each TBI cause. Color indi-
cates the cumulative number of studies
(red the highest and green the lowest). The
portion size reflects the total number of
studies. MENA, Middle East and North Af-
rica; MVA, motor vehicle accident; TBI,
traumatic brain injury.

Number of records

— |
2 61

Motor vehicle accident

Multiple TBI causes

TreeMap

Fall
13 studies
8.84%

61 studies
41.50%

Sports and
recreational
6 studies
4.08%

Assault
12 studies
8.16%

30 studies
20.41%

Cause of TBI, % of total number of records and sum of number of records. Color shows
sum of number of records. Size shows sum of number of records. The marks are labeled by
cause of TBI, % of total number of records and sum of number of records. The view is
filtered on cause of TBI, which excludes null.

conflicts, and political unrest, including Syria [23-25],
Lebanon [26-30], Iraq [31, 32], Kuwait [33, 34], and Af-
ghanistan [17, 32]. The vast majority of military TBI vic-
tims were males (81%). It is worth noting that although
women sustained less severe cases of TBI, they suffered
more severe outcomes. Causes of military-related TBI in-
cluded wounds triggered by blast injuries from high-ve-
locity explosives and cluster bombs (41.3%), gunshot
(21.1%), fragmentation (16.5%), land mines and general
missiles injuries (19.2%), as well as wounds from impro-
vised explosive devices. Five TBI military injury studies
focused on the pediatric population, documenting chil-
dren’s injury characteristics and outcomes [25, 31, 32,
35]. Procedures for management and treatment of TBI
patients ranged from simple debridement, craniotomy,
emergency surgery, and bacterial treatment to more com-
plex surgical interference, including intracranial hema-
toma evacuation and bullet extraction as well as recon-
structive craniofacial surgery.

Falls

Fall-related TBI was the third leading cause of TBI in-
juries (N = 13) in the MENA region. Accidental fall from
height was the primary cause of fall-related TBI reported

Characterization of Traumatic Brain
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in the literature; it included different heights ranging
from high altitudes (i.e., buildings) to ladders, stairs, and
beds. These reported TBIs were most common among the
pediatric and the elderly population, occurring mainly at
schools and homes [36-38]. Fall from height was a major
injury mechanism sustained by male expatriate workers
and primarily occurring as a result of falling from heights
at construction sites or being struck by falling objects [39,
40]. One study reported fall injuries due to military para-
chuting causing hemorrhage and resulting in fatal inju-
ries [41]. The only incidence rate presented within these
fall articles was 206 per 100,000 population per year.

Assault/Violence

Twelve studies reported non-military violence-/as-
saults-related TBI. Most of these studies portrayed assault
as an infrequent mechanism of TBI compared to other
more prevalent causes (e.g., MVAs and military). Nine
out the 12 studies identified cases of child abuse and de-
scribed victims’ characteristics and TBI clinical presenta-
tions, namely, intracranial and skull fractures, skeletal in-
juries, scalp swelling, and subgaleal hematoma [42-46].
The majority of abused children were below the age of 6
with the exception of one study that documented fatal

Neuroepidemiology 2021;55:20-31
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Table 3. TBI outcomes (mortality: mild, moderate, and severe TBI) in the MENA region

Cause of TBI Number of Number of patients Number of In-hospital
patients with mild TBI with moderate TBI patients with severe TBI ~ mortality
MVA 10,107 1,746 3,764 3,179
Fall 1,655 213 490 26
Multiple TBI causes 36 20 253 335
Sports and recreational 29 19 37 13
Others 28 0 1 4
Military 18 6 51 957
Assault/violence 15 3 12 137
Total 11,888 2,007 4,608 4,651

MENA, Middle East and North Africa; MV A, motor vehicle accident; TBI, traumatic brain injury.

head trauma sustained by teenagers, mostly girls (98%)
aged between 12 and 18 [46]. Abusive head trauma (trans-
verse fracture) was the primary injury outcome for abused
children. The major reported outcomes of children with
severe TBI were vomiting, seizures, LOC, coma, and
deaths. Death was a common outcome among victims of
inflicted trauma and was documented as death on scene,
upon ED arrival or within 24 h of hospital admission.
More than 90% of the perpetrators are individuals known
to the child; most abuses were inflicted by parents and is
more common among families with a low socioeconomic
status.

One study reported TBI resulting from purposely in-
flicted torture on prisoners, asylum seekers, and refugees
in centers in Gaza and Egypt [47]. One study reported
self-inflected nail gun penetrating injury resulting in cra-
niocerebral penetrating trauma [48]. One study reported
TBI related to violence resulting in gunshot wounds to
the head [49] and identified severe, moderate, and mild
TBI (mTBI) present in 40, 10, and 50% of patients, respec-
tively. Available adult assault data showed that compared
to females, males were at higher risk for TBI due to vio-
lence/assault. Nevertheless, assault-related TBI resulted
in a substantial mortality rate ranging from 17 to 30%
[42-44, 49].

Multiple TBI

Approximately 30 studies investigated multiple types
of TBI-related injuries, including MV A, fall, military, and
assault [50-65]. The main objectives of these studies were
to examine hospital-based epidemiological characteris-
tics of TBI patients, identify the functional and sociopro-
fessional outcome and mortality-predictive factors and in
some cases assess the validity of screening instruments

26 Neuroepidemiology 2021;55:20-31
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including the Functional Independence Measurement
(FIM), Disability Rating Scale (DRS), and the Commu-
nity Integration Questionnaire (CIQ). Moreover, these
studies evaluated treatment mode and postoperative clin-
ical and rehabilitation outcomes to inform treatment
strategies, clinical practices guidelines, and therapeutic
management protocols. Two studies explored multiple
TBIs associated with seasonal occasions, such as injuries
occuring during the Muslim pilgrimage season [53] and
the fasting month of Ramadan [53].

Sports and Recreational

Sports- and recreation-related TBI were limited in
the literature. Four studies reported camel-related inju-
ries in Qatar, UAE, Morocco, and Syria [37, 66-68] and
head trauma sustained as a result of camel’s kick or fall.
The third study reported camel-related fall at touristic
sites in Morocco and Palmyra, Syria. One study reported
soccer-related TBI injuries [39], exploring incidence,
characteristics, and patterns of head injury occurrence
at soccer league clubs. Another study reported recre-
ational activities, namely, ATV, jet skiing, soccer, and
water boat activities, particularly among the male youth
population, resulting in severe head trauma including
subarachnoid hemorrhage and subdural and epidural
hematoma [17].

Others

Two studies describing unclassified mechanisms of
TBI were also included in this review. One study reported
cases of TBI in children resulting from animal encounters
caused by donkey bites [69] and the another study docu-
mented pediatric TBI caused by falling metallic ceiling
fans and resulting in sustained head injuries [70].
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Table 4. Tools adopted by EMS to measure TBI

Tools used % of total Number
number  of
of records records
GCS 22.1% 32
CT scan 8.9% 13
Surgical 4.1% 6
Multiple tools used (CT, GCS, X-ray, surgical) 22.7% 33
Unspecified 42.1% 61

TBI, traumatic brain injury; GCS, Glasgow Coma Scale; EMS,
emergency medical services.

TBI Outcomes

TBI outcomes were measured in terms of mortality
and severity. Table 3 depicts in-hospital mortality and
patient distribution according to their level of TBI sever-

ity.

TBI Mortality

Mortality refers to the number of TBI-related deaths
within a cohort. TBI fatality case proportion quantifies
the number of TBI patients who eventually died as a result
of the sustained brain injury in the studies’ samples. The
proportion of mortality was 4,651/35,905 = 12.9%. The
leading cause of TBI mortality was reported among vic-
tims of MVAs (68%) followed by military (20.5%) and
assault (2.9%).

TBI Severity

TBI severity, measured by the GCS, is divided into 3
categories: mild, moderate, and severe. There are sub-
stantial differences in the proportion of cases reported
among TBI severity levels. Out of the 147 compiled stud-
ies, the vast majority reported mild (63.1%) compared to
moderate (10.7%) and severe (20.2%) TBI.

Severe TBI. Only 20.2% (4,608/22,708) of the included
studies reported severe TBI cases. Most of these cases
were sustained by MVA victims (n = 974) followed by
fall- and military-related TBIs. MV As and falls were ma-
jor contributors to most TBI cases.

Moderate TBI. The proportion of moderate TBI re-
ported in the included studies was 10.7% (2,007/18,608).
Similar to severe TBI, the 2 leading causes of moderate
TBI were MV As and falls.

Mild TBI. The proportion of mTBI reported in review
was 63.1% (11,888/18,838). The highest frequency of
mTBI was reported among victims of MVAs (n = 10,107)
followed by falls (n = 1,655).

Characterization of Traumatic Brain
Injury in the MENA Region

Tools Adopted

A series of assessment tools was adopted by emergen-
cy medical services personnel to assess the severity and
consciousness of the TBIs sustained by patients. These
tools included the GCS, CT, X-ray, and surgical interven-
tions. The majority of patients reported in the TBI studies
underwent a GCS assessment (22.1%), followed by CT
scan (8.9%) and surgery (64.1%). Almost 22.7% of TBI
patients undertook multiple assessments following their
TBIs as shown in Table 4.

Discussion

TBI imposes a substantial clinical, social, and econom-
ic burden on individuals and health-care systems glob-
ally. Accurate diagnosis and recognition of cases of TBI
across the population are critical to assess the current TBI
burden. This comprehensive review is the first to compile
MENA studies to investigate TBI epidemiology, mecha-
nisms, gender, regional distribution, severity levels, and
management. It offers insights into acknowledging the
breadth and depth of the existing TBI literature in the
MENA region in an attempt to guide future policy strate-
gies and research efforts and to inform tailored guidelines
capable of improving management and treatment of TBI
patients, and consequently their outcome. This review
will further serve as a road map to evaluate the impact of
trauma on regional health systems with the aim to im-
prove trauma care and raise awareness in the general pub-
lic.

This review reveals that the MENA region bears a dis-
proportionally high prevalence of TBIs compared to
North America and Europe, despite the limited TBI lit-
erature in the region [4, 71, 72].

Aligning with international literature, this review
showed that males predominantly suffered from TBI-re-
lated injuries for all mechanisms of injuries with a pro-
portion of 85% of the study-accumulated sample size
compared to females (15%). The most common TBI
mechanism sustained by the male population was MVA,
compared to females who sustained a high proportion of
assaults.

Overall, the prevalence of TBI mortality was 12.9%.
The leading cause of TBI mortality was reported as MVA
(68%) followed by military-related injuries (20.5%) and
assault (2.9%). This review indicates that high-income
MENA countries have a noticeably significant number of
MV A-related TBI injuries, reported in 45% of the KSA-
included studies (N = 15/33) and 56% of Qatar (9/16) and
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UAE (9/16) studies. These estimates signal an alarming
indicator of the MVA burden across regional MENA
countries. This finding is consistent with existing evi-
dence that underscores the high burden of MVA in the
region [73], possibly explained by the rapid urbanization
of many MENA countries along with major changes in
the automobile industry and coupled with lax govern-
ment-enforced safety regulations that resulted in the in-
creased frequency and severity of MVAs.

This review shows that a high proportion of military-
related TBI was reported in MENA countries with a his-
tory of war and conflict areas, particularly in Afghanistan,
Kuwait, Iraq, Lebanon, and more recently in Syria and
Yemen. The large number of studies reporting military-
related TBI clearly indicates the regional constant politi-
cal instabilities and perpetual wars and conflicts endured
for the last decades and the adverse health implications
on individuals and communities.

Fall injuries were another major cause of TBI injury in
the region, particularly occupation-related injuries (i.e.,
falling from height at construction sites). The rapid ad-
vancement in the construction and manufacturing indus-
try at various developing MENA countries, along with a
clear absence of safety precautions and occupational safe-
ty regulations led to the dramatic increase in occupation-
related injuries. This review calls for an urgent modifica-
tion of work environments and the need to implement
safety measures at workplaces to reduce the number of
fall-related TBI and their associated prolonged hospital-
ization and direct medical expenditures [74]. Falling off
camels represented another aspect of fall injuries and a
major cause of head traumas, particularly among chil-
dren. Camels are commonly used for occupational and
recreational activities in many Middle Eastern countries.
Due to their small body size, children typically serve as
jockeys in most camel-racing activities, hence increasing
their risks of fall-related TBI. There is a need to ensure the
proper use of protective gear and the implementation of
safety measures to safeguard children in such risky ac-
tivities. Moreover, the alarming number of reported as-
sault- and violence-related TBIs among the pediatric
population are worth highlighting. Child abuse is a sig-
nificant public health problem that warrants concerted
efforts to inform strict child protection policies and laws
to protect children and promote their physical and men-
tal well-being.

This review indicates that the TBI severity remarkably
varied throughout the MENA countries. mTBI contrib-
uted to a significantly high incidence proportion com-
pared to moderate and severe TBI proportions, particu-
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larly due to MV As and falls; thus, agreeing with global
trends of TBI-related mechanisms [75-77]. The hospital-
ization course and outcomes of these patients, however,
are yet to be studied.

Implications and Recommendations for Future

Research and Health Professionals

mTBI nowadays is considered equally important com-
pared to severe TBI, due to its documented long-term ef-
fects and build-up comorbidities [1, 78]. Local physicians
and neurosurgeons are urged to act more vigorously in
treating mTBI cases and even recommending rehabilita-
tion programs to avoid future severe physical and long-
term neuropsychological disabilities. To this end, blood-
based biomarkers, increasingly being used worldwide, can
represent a valuable tool to enhance the diagnostic process
by enabling more accurate brain injury assessment [79-
81]. Moreover, their integration in clinical algorithms can
improve the existing decision criteria and guide subse-
quent management and treatment decisions including ad-
vanced neuroimaging, hospital admission, and long-term
interventions (i.e., rehabilitation programs) [82, 83].

To help address the heterogeneity of reporting, TBI
databases and registries should be standardized and lev-
eraged to include demographics such as age and gender,
nationality, causes and mechanisms, and severity of TBI
victims and survivors. Answers to these questions will
help build a comprehensive picture of the TBI footprint
for physicians, neurosurgeons, and policymakers to plan
for proper, needed, and adequate intervention measures
for TBI cases in the region.

In addition, there should be an initiative toward estab-
lishing biorepositories in the MENA region with stan-
dardized methodologies for collecting and reporting bio-
specimens from TBI cases. Such biospecimens could be
assessed longitudinally for biomarker research as well as
for identification and validation of the pathophysiology
and etiology of TBI. The latter is of extreme importance
as standardizing the reporting of the numerous and di-
verse TBI cases reported in the MENA region could be
used for confirmatory studies in conjunction with differ-
ent international TBI research centers.

Overall, this review highlighted the fact that existing
literature reveals the non-standardized and non-accurate
documentation of available TBI data in the MENA re-
gion, hence the demand for more standardized documen-
tation processes, aligning with international standards to
facilitate comparison and effective TBI assessment. Fu-
ture studies are warranted to ensure the comparability of
the epidemiological evidence base. Understanding the
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epidemiology of TBI in the MENA region will be a fun-
damental step toward developing strategic TBI preven-
tion and rehabilitation programs, allocating resources,
and informing safety policies aiming at reducing brain
injuries and saving lives.

Limitations

This review has some limitations. First, the heteroge-
neity of the included studies hindered our attempt to ap-
ply a concise meta-analytical analysis. Second, this study
was unable to determine whether the samples selected in
the existing studies were representative of the country’s
population. This sampling variation made it challenging
to estimate the general TBI rate in each country and con-
sequently in the region. Lastly, the non-standardized doc-
umentation of included TBI studies limited the accurate
comparison and effective assessment of TBI prevalence,
hence the demand for more standardized documentation
processes in the MENA region, aligning with internation-
al standards.

Conclusion

Despite the limited TBI literature in the MENA region,
this systematic review indicates that this region bears a
disproportionally high prevalence of TBIs compared to
global burden. The incidence and severity of TBI varied
remarkably throughout the MENA countries, with mTBI
contributing to a significantly high incidence proportion
compared to moderate and severe TBI, mainly due to
MV As, fall-, and military-related TBI in war and conflict
areas. Future studies are warranted to ensure the compa-
rability of the TBI evidence-based studies. Leveraging of
this evidence is necessary to develop programs and inter-
vention strategies that enhance TBI diagnosis, manage-
ment, and rehabilitative treatment and to mitigate TBI
impacts on individuals and health-care systems in the
MENA region.
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