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Abstract

Background Effective education is considered by the American Heart Association (AHA) as a vital variable in improv-
ing outcomes of cardiac arrest. Studies have shown that the level of knowledge and attitude of non-healthcare
providers towards resuscitation training varies widely across the globe. While some training methods and barriers

to training have been discussed, the literature is still quite vague and unclear regarding resuscitation training, par-
ticularly in the Middle East. This study’s focus on the efficacy of resuscitation training in this region of the world may
help dictate how to better implement education initiatives aimed towards non-healthcare providers in developing
countries.

Methodology A systematic review and meta-analysis were conducted on studies published from inception

until March 2023. Observational studies assessing CPR knowledge and skills among non-healthcare workers in Arab
countries were included. Data were extracted from PubMed, Cochrane Library, EMBASE, Web of Science, and Scopus.
Data analysis was performed using Rstudio with a random effects model.

Results 50 studies were included in this review and meta-analysis, revealing that 55% of participants had prior
knowledge of CPR, while only 28% considered their knowledge sufficient. The majority (76%) supported mandatory
CPR training, and 86% were willing to attend training if offered. This study found that prior knowledge of cardio-
pulmonary resuscitation (CPR) varied among populations. This meta-analysis also compiled results regarding CPR
technique defined by correct compression to ventilation ratio, compression depth, compression rate, location

of chest compression, and correct sequence. The overall results from this meta-analysis showed that, of these factors,
compression rate and depth were the two factors that were most often administered incorrectly. In all, the results
from this study demonstrated that CPR training in Arab countries was favorably viewed overall, with the major-

ity of participants indicating both support for mandatory CPR training and general willingness to attend training

if offered the opportunity.
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Conclusion Given the overall positive view and willingness to learn CPR skills, healthcare policy makers should
adopt a more comprehensive focus on strategies that enhance the accessibility and opportunity for CPR training

for non-healthcare populations in Arab countries. Future training programs should implement strategies to highlight
the ideal combination of compression rates and depth to learners to ensure correct and efficacious delivery of CPR
with increased focus on the practical portion during refresher courses to promote retention.

Keywords CPR knowledge and skills, BLS training, Arab countries, Layperson, Non-clinician

Background

Worldwide, cardiovascular diseases are the number one
cause of death, causing 32% of all global deaths according
to the World Health Organization (WHO) [1]. Sequalae
of cardiovascular diseases, such as respiratory failure
and circulatory shock, are reversible, yet cause millions
of deaths globally. There is a disproportionate number
of such deaths in developing countries [2]. In fact, the
American Heart Association (AHA) has noted that the
administration of cardiopulmonary resuscitation (CPR)
and defibrillation within the first three to five minutes
of collapse can yield survival rates ranging from 49% to
as high as 75% [3, 4]. Not only that, CPR has also been
shown to double or triple survival from the time of wit-
nessed sudden cardiac arrest [4]. Implementation of
effective resuscitation training is critical to improving
survival rates and outcomes.

Effective education is considered by the AHA as a
vital variable in improving outcomes of cardiac arrest
[5]. Resuscitation training programs aim to provide evi-
dence-based knowledge and skills to reduce the morbid-
ity and mortality of reversible life-threatening conditions.
Such training is necessary to allow for lay persons and
healthcare providers alike to consistently apply this
evidence-based approach [5]. It has been reported that
resuscitation teams one or more members trained in
advanced cardiovascular life support (ACLS) have better
outcomes [5].

Although morbidity and mortality related to cardio-
vascular diseases have been decreasing, the prognosis of
out-of-hospital cardiac arrest (OHCA) remains the same
[6]. OHCA is defined as the cessation of cardiac mechan-
ical activity that takes place outside hopitals. Impor-
tantly, OHCA is considered a potentially reversible event
through the activation of chain of early CPR and proper
care. The survival rate of OHCA could be two to three
times higher if bystander CPR is performed in a timely
manner. While healthcare professionals are expectedly
aware of of CPR, adequate awareness of CPR among the
general population is still lacking as many studies have
reported poor knowledge among laypersons [7].

In Arab countries, first aid education and CPR training
are often provided through schools, community cent-
ers, and healthcare institutions. However, the extent and

quality of this training can vary widely. For example, in
countries like Lebanon and the UAE, CPR training is
integrated into school curricula, whereas in others, it is
offered sporadically through community initiatives [8, 9].

The rationale for this systemic review originates from
the paucity of literature covering this specific topic. As
discussed previously, cardiovascular diseases are a lead-
ing cause of death worldwide and its sequelae, such as
respiratory failure and circulatory shock, can be revers-
ible. The burden on the healthcare system increases dra-
matically due to increased morbidity and mortality that
could have been mitigated with evidence-based appli-
cation of resuscitation measures. While the awareness
and knowledge of CPR among healthcare providers are
a popular concern worldwide, awareness of CPR among
the general public represents an equally crucial objec-
tive in order to enhance the prognosis of OHCA. The aim
of this study is to systematically review and analyze the
level of CPR knowledge and skills among non-healthcare
providers in Arab countries, identifying key areas for
improvement and providing recommendations for future
training programs.

Methods

We followed the PRISMA statement guidelines when
conducting this systematic review and meta-analysis [8].
All steps were done per the Cochrane Handbook of Sys-
tematic Reviews and Meta-analysis of Interventions [9].
Based on the PRISMA guidelines, investigators (MA and
MSA) created the review protocol and the search strat-
egy. Our research question was developed following
the key elements of the PICO framework: Participants,
Interventions, Comparison, and Outcomes [10, 11]. The
protocol (CRD42023399328) was registered in PROS-
PERO (International Prospective Register of Systematic
Reviews) 2023.

Inclusion and selection criteria

Using predefined keywords, databases were searched
from inception through August 2023 for studies that
assessed the knowledge, attitude, and perceptions (KAP)
towards Basic Life Support (BLS) among non-healthcare
workers in Arab/Middle Eastern countries. In the case of
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studies which included both healthcare and non-health-
care workers, we included the study only when there were
separable data for the non-healthcare workers eligible per
our criteria; otherwise, we excluded the studies. In this
meta-analysis, we included observational studies such
as cross-sectional studies that assessed CPR knowledge
and skills. For specific outcomes like previous knowledge,
only cross-sectional studies were used to ensure consist-
ency in the analysis. Reviews, abstracts, editorials, con-
ference papers, and non-English studies were excluded.
We removed the duplicates using Endnote 8 software.
Then, we screened the titles and abstracts, followed by
full-text screening to identify the relevant studies.

Information sources and search strategy

To identify studies to be included in this review, the data-
bases PubMed, Cochrane Library, EMBASE, Web of Sci-
ence, and Scopus were searched for keywords related
to CPR, knowledge, skill, Middle East, Arab, Arabian
Gulf (see Table 1. in appendix) from inception until
August 2023. Additionally, we manually searched the
references of the included studies, Google Scholar, and
Research Gate for additional articles of interest.

Study selection

Following the database searches, all of the citations were
imported into EndNote X9 Windows version. Duplicate
references resulting from the overlap of database content
were identified and removed. Two independent review-
ers (MSZ and AAE) screened the titles and abstracts of
all unique citations against the predefined inclusion and
exclusion criteria. Any disagreements between the two
reviewers at this stage were resolved through discussion;
if necessary, a third reviewer (MA) was consulted. Stud-
ies that appeared to meet the inclusion criteria, or for
which there was insufficient information in the title and
abstract to make a clear decision, were advanced to full-
text review. Again, two independent reviewers (MSZ and
AAE) assessed each full-text article to determine its eligi-
bility. Disagreements at this stage were resolved through
consultation with a third reviewer (MA). The reference
lists of all included studies were scanned to identify addi-
tional studies that might have been missed during the
initial database searches. Any potentially relevant studies
identified through this process were subjected to a full-
text review and included if they met the criteria.

Data extraction and synthesis

The data analysis in this study was performed using Rstu-
dio (Version 4.2.2). We performed subgroup analysis
according to the study group (e.g., university students,
parents, etc.). To calculate the pooled proportion along
with its corresponding 95% confidence interval (CI) for
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all the analyzed outcomes, a random effects model was
employed. This statistical approach was implemented
using the “meta prop” function, which is a part of the
“meta” library available within the Rstudio environment.
We assessed the prevalence of the different indices of
CPR knowledge among all studies with higher prevalence
(percentage %) indicating higher number of participants
being aware or proficient in each index. The assessment
of heterogeneity among the included studies was a cru-
cial aspect of this analysis. To quantify heterogeneity, the
172 statistic was computed, and its associated p-value was
determined. A p-value<0.1 indicated statistically signifi-
cant heterogeneity. The meta-analytical method utilized
in this study involved the application of a random inter-
cept logistic regression model, employing maximum-
likelihood estimation to determine tau”2. To establish
random effects confidence intervals, the t-distribution
was utilized, and a logit transformation was applied to
the data.

Quality assessment
We employed an adapted version of the Newcastle—
Ottawa quality assessment scale (NOS) for cross-sec-
tional studies. The scale has three main domains with
seven items for quality assessment. We included the
detailed guidelines for NOS risk of bias assessment in our
supplementary material. While the maximum points a
study can score is up to 9 points, studies were deemed
to be of good quality if they scored 5 points or more [12].

To assess the quality of experimental and quasi-exper-
imental studies, we used the AHA guideline’s definitions
for the level of evidence and class of recommendation of
the CPR training. The following are the definitions: ‘LOE
A’ represents high-quality evidence based on two or more
randomized controlled trials (RCTs); ‘LOE B’ is interme-
diate level of evidence based on one RCT or more; ‘LOE
B-NR’ level is based on strong observational or nonrand-
omized studies; ‘LOE C-LD’ has evidence from weak or
limited observational studies; ‘LOE C-EQ’ is the weakest
level of evidence which is based only on experts’ opinion
[13].

In terms of class of recommendation (COR) in CPR
training, the strength of training is stratified as follows:

1. When benefit is three-fold the risks of intervention
A compared to intervention B, the training is consid-
ered “class I (strong)”

2. When benefit is two-fold the risks of intervention A
compared to intervention B, the training is consid-
ered “class Ila (moderate)”

3. When benefit is thought to be equal or more than the
risks of intervention A compared to intervention B,
the training is considered “class IIb (weak)”
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4. When benefit of intervention A equals intervention
B, the training is considered “class III (no benefit/
moderate)”

5. When intervention A has risks higher than those of
intervention B the training is considered “class III
(harm/strong)”” [14].

Results

Literature search

The initial search identified a total of 4573 records from
five different databases. Following the removal of dupli-
cates, 3705 records remained. Through the title and
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abstract screening, we excluded 3512 records. Moreover,
following the full-text screening, there were 40 included
studies. Additionally, we included 10 through manual
screening (Fig. 1),

Characteristics of the included studies and population

50 studies [15-64] were included in the meta-analysis.
A summary of the characteristics of the included stud-
ies is provided in Table 1. Regarding the populations of
included studies, 14 studies enrolled health colleges stu-
dents, 12 studies enrolled university students, 5 studies
enrolled teachers, 5 studies enrolled secondary school

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]

Records removed before
screening:

Duplicate records
removed (n = 868)

Records excluded™
(n=3512)

No reports were not retrieved

Reports excluded:

Not English (n = 14)

Not conducted in Arab
countries (n = 82)
Conference abstract (n =
35)

Health workers (n = 12)

= Records identified from:
2 PubMed (n = 610)
S EMBASE (n = 1762) "
= Web Of Science (n = 497)
= Cochrane Library (n = 87)
- SCOPUS (n = 1617)
Records screened
(n = 3705) —>
\ 4
-- Reports assessed for
= eligibility »
= (n=193)
@
e
a v
-- 193 Reports assessed for
eligibility through full-text D
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o Studies included in
E systematic review (n = 50)
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Fig. 1 PRISMA flow diagram
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students and 14 studies enrolled patricipants of the gen-
eral population. Our quantitative analysis included a total
number of 30,308 participants. Subgroup analyses were
performed on several groups of participants: health col-
leges students (n=7,420), university students (2=9,802),
school students (n=3,256), teaching staff (n=1,389), and
the general population (n=8,441).

Previous knowledge

In the meta-analysis of 13 studies [19-22, 26, 29, 31, 37,
38, 43, 45, 57, 58] on “Previous Knowledge” (9,343 obser-
vations, 5,226 events), 55% of participants were found to
have previous knowledge regarding CPR (95% CIL: 43%
to 66%). Heterogeneity analysis showed substantial vari-
ability among the included studies, with an I*2 value of
98.7% (p<0.01). Subgroup analysis demonstrated sig-
nificant differences in previous knowledge among vari-
ous groups of participants: secondary school students
(47%, 95% CI: 33% to 61%), the general population (61%,
95% CI: 51% to 71%), health college students (59%, 95%
CI: 30% to 83%), and teachers (11%, 95% CI: 9% to 13%).
(Fig. 2 A). The meta-analysis revealed significant vari-
ations in CPR knowledge and skills. The prevalence of
prior knowledge was 55%, while the correct compression

A- Previous Knowledge Regarding CPR

Source Proportion (95% CI)

Alharbi etal, 2016 0.11[0.09; 0.13]

Alanazi etal, 2013 0.42[0.38; 0.46] -

Almojarthe et al., 2021 0.44 [0.40; 0.48) 8-

Alhussein et al., 2021 0.48 [0.45; 0.52] -

Alhakamy et al., 2020 0.58 [0.51; 0.64] —F—
Alazmi et al., 2021 0.60[0.53; 0.67] —8—
Alami etal,, 2021 0.62[0.57;0.67) 8-
Hamadneh et al., 2020 0.62[0.51; 0.73] ——8—
Zakirulla etal, 2021 0.64[0.57;0.71] —&—
Gaafar etal, 2021 0.70[0.68;0.72] =]
Alsharari etal., 2018  0.72[0.69; 0.75] =
Alquwaiay et al., 2018 0.73[0.69; 0.77] -5
Total 0.55[0.42; 0.67) ————

I T T T T T 1

01 02 03 04 05 06 07
Proportion (95% Cl)

Heterogeneity: 72, = 927.77 (P < .001), I* = 99% [99%; 99%)

C- CPR training should be mandatory

Source Proportion (95% CI

Al Harbi etal, 2018 0.37[0.34; 0.40]

Amojarthe etal, 2021 0.40[0.37, 0.44] -8

Alturki et al, 2008 0.45[0.43;0.47] =

Alharbi etal, 2016 0.53[0.46; 0.60] —8—

Mansour et al, 2019 0.55[0.52; 0.58] =

Ahejaili et al, 2020 0.76[0.71,0.81) —8—

Alshehri et al, 2021 0.78[0.73;0.83] —8—

AlEnizi etal, 2016 0.78[0.73;0.83] -8
Alkarrash et al, 2023 0.79(0.77,0.81] =]

Al-Riyami etal, 2020 0.84[0.82;0.86] 2
Khashaba etal, 2021 0.86[0.82;0.89] &
Alghamdi etal, 2021 0.88[0.81;0.94] —8—
Alamvi etal, 2021 0.95[0.93;0.97] =
Al-Mohaissen etal,, 2017 0.96 [0.95; 0.97] a
Total 0.76 (0.62; 0.86] ————

r T T T T 1
04 05 06 07 08 09

R R Proportion (95% Cl)
Heterogenetty: 1, = 1866.81 (P <.001), I° = 99% [99%; 99%)
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rate was only 26%. Figures 2 and 3 illustrate the distribu-
tion of knowledge and skills, respectively”

Consider their knowledge sufficient

The meta-analysis of 9 studies [18, 19, 22, 25, 31, 33, 40,
52, 60] (7,188 observations, 1,608 events) revealed that
28% of paricipants consider their knowledge sufficient
(95% CI: 14% to 48%). Heterogeneity was substantial
with an I"2 of 99.1% (p<0.01). Subgroup analysis indi-
cated differences among groups of participants regard-
ing whether they consider their knowledge sufficient,
including teachers (35%, 95% CI: 30% to 41%), secondary
school students (13%, 95% CI: 1% to 62%), health college
students (48%, 95% CI: 41% to 54%), university students
(19%, 95% CI: 9% to 35%), and the general population
(84%, 95% CI: 81% to 88%).(Fig. 2 B).

CPR training should be mandatory

The meta-analysis of 14 studies [18-20, 25, 26, 28, 30,
31, 39, 40, 50, 59-61] (11,974 observations, 7,937 events)
revealed that 76% of participants think that CPR train-
ing should be mandatory (95% CI: 62% to 86%). Heter-
ogeneity was substantial with an I"2 of 99.3% (p<0.01).

B- Consider their knowledge sufficient

Source Proportion (95% CI)
Al-turki etal, 2008 0.10[0.09;0.11]
Almojarthe et al., 2021 0.11[0.09; 0.13]
Al Harbi etal,, 2018 0.17 [0.15; 0.19]
Alghamdi et al., 2021 0.17 [0.11; 0.26]
Oteir et al., 2020 0.22[0.19; 0.25]
Alnajiar etal, 2020  0.31[0.28; 0.34]
AlEnizi etal, 2016 0.35[0.30; 0.41]
Alazmi et al., 2021 0.48[0.41; 0.55]
Khashaba et al., 2021 0.84[0.81; 0.88]
Total 0.28[0.14; 0.48]

02 04 06 038
" 5 Proportion (95% Cl)
Heterogeneity: 72 = 887.99 (P < .001), I* = 99% [99%; 99%]

D- Encountered a Case that Needed CPR

Source Proportion (95% CI)

AlHarbi etal, 2018 0.10[0.09,0.12]
Khashaba et al, 2021 0.10 [0.08; 0.14]
Almulhim et al, 2022  0.12[0.09; 0.15]
Alturki etal, 2008 0.13[0.11;0.14]
Oteir et al,, 2020 0.13[0.11;0.15]
Ahussein etal, 2021 0.14[0.12,0.17]
Qara etal, 2019 0.16[0.13;0.19]
Alnajjar etal, 2020  0.19[0.17;0.21]
Alharbi etal, 2016 0.19[0.14; 0.25]
Almojarthe et al,, 2021 0.20 [0.17; 0.23]
Awadalla et al,, 2020 0.26 [0.24; 0.29]
Alsharari etal, 2018  0.29 [0.26; 0.32]
Aljewayed et al, 2019 0.30 [0.26; 0.34]
Zakirulla et al., 2021 0.35[0.28; 0.42]
Total 0.18[0.14;0.22]

=
-B_..
_B_
=
=
-
—-

r T T T T T 1
01 015 02 025 03 035 04

3 = Proportion (95% Cl)
Heterogeneity: 37, = 357.67 (P < .001), I" = 96% [95%; 97%)]

Fig. 2 (AB,CD) A Forest plot of a previous knwladge ergarding CPR, B Forest plot of consider their Knwladge sufficient, C Forest plot of CPR training

should be mandatory, D Forest plot of encountered a case that need CPR
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A- Willingness to Attend CPR Training if Offered

Source Proportion (95% ClI)

Oteir etal, 2020 0.70[0.67.0.73]

Akhagbaker etal, 2022 0.77[0.73;0.80] —8—

AlEniz etal, 2016 0.78[0.73;0.83] ——

ALRiyami etal 2020 0.82[0.80;0.84] —&-

Mansour et al, 2019 0.82[0.80; 0.85] —&8—

Hamadneh etal, 2020  0.84[0.74;0.92] e

Alfakey et al, 2021 0.86[0.80; 0.91] ——

Alrasheedi etal, 2022 0.86 [0.83; 0.90] —8—

Al-Mohaissen et al., 2017 0.89 [0.87; 0.90] -8

Alsharari etal, 2018 0.90[0.87,091] S

Alghamdi et al, 2021 0.91[0.84; 0.96] ——a—

Alami et al,, 2021 0.94[0.91; 0.96] —8-

Alhejaili et al, 2020 0.94[0.91;0.96] —8—

Total 0.86[0.81; 0.90] | . E— |
07 075 08 085 09 095

N N Proportion (95% ClI)
Heterogeneity: 3, = 239.37 (P < .001), I* = 95% [93%; 96%]

C- Awareness of EMS number

Source Proportion (95% CI|

Ahmad et al., 2018 0.38[0.33; 0.43]

Alsharari et al., 2018 0.51[0.48; 0.54] -

Mansour et al., 2019 0.55[0.52; 0.58] =

Alharbi et al,, 2016 0.63[0.57; 0.69] —8—
Alavudeen etal., 2022  0.68 [0.63; 0.73] —8—
Al-Mohaissen et al, 2017 0.72[0.69; 0.74] R
Hamadneh etal, 2020 0.73 [0.61;0.82] —_——
Alhejaili et al, 2020 0.76[0.71,0.81) —8—
Alhakamy etal, 2020 0.76[0.70; 0.81] —H—
Khashaba et al., 2021 0.78[0.73,0.81] ——
Total 0.66 [0.56; 0.74] ———

r T T T 1
04 05 06 07 08

N ~ Proportion (95% Cl)
Heterogeneity: yg = 302.15 (P < .001), /* = 97% [96%; 98%)

Page 13 of 22

B- Activate EMS When Encountering an Unresponsive Person

Proportion (95% CI|
0.12[0.09; 0.15]

Source
Khashaba et al, 2021

Al-Mohaissen etal., 2017 0.12[0.10; 0.14] B8
Alghamdi et al,, 2021 0.14[0.08;0.23] —8—
Almojarthe etal, 2021 0.52[0.48; 0.56] =
Alhejaili et al,, 2020 0.55[0.49; 0.60] —&—
Alazmi et al,, 2021 0.56 [0.49; 0.63] —8—
Alffakey et al, 2021 0.69[0.61;0.76] —&8—
Total 0.34[0.15; 0.60] —————
r T T T T T 1
01 02 03 04 05 06 07
. . Proportion (95% CI)
Heterogeneity: 72 = 624.12 (P < .001), /> = 99% [99%; 99%]

D- Correct CPR Ratio (Compression/Ventilation)

Qara etal, 2019 0.12[0.09;0.14] 5

Srinivasan etal, 2021 0.14[0.10;0.18] =

Ghanem et al,, 2018 0.17[0.14;0.19] &

Almojarthe etal, 2021 0.17 [0.14;0.20] =

Mansour et al., 2019 0.23[0.21;0.26] &

Alnajjar et al,, 2020 0.23[0.21;, 0.26] =

Alshehri et al,, 2021 0.24[0.19; 0.29] ——

Almulhim et al., 2022 0.35[0.31;0.39] -

Al-Mohaissen et al, 2017 0.37 [0.35; 0.40] R

Hamadneh etal, 2020  0.39[0.28;0.51] —8—

Alhakamy etal, 2020  0.54 [0.47,0.61] —&8—
Alkarrash et al., 2023 0.58 [0.55; 0.60] &=
Alavudeen et al., 2022 0.62[0.57; 0.68] —8—
Albazee et al,, 2022 0.64[0.61;0.68] .l
Total 0.32[0.22; 0.43] ——— .

r T T T T
01 02 03 04 05 06

” Proportion (95% Cl)
Heterogeneity: 7j3 =1379.77 (P < .001), 1* = 99% [99% 99%)

Fig. 3 (AB,C,D) A Forest plot of willings to attend CPR training if offered, B Forest plot of ctivate an EMS when encountering an unresponsive

person, D Forest plot of correct CPR ratio (Compression/Ventilation)

Subgroup analysis revealed variations in responses
among different groups of participants, including teach-
ers (70%, 95% CIL: 39% to 90%), secondary school students
(38%, 95% CI: 25% to 54%), the general population (89%,
95% CIL: 67% to 97%), university students (66%, 95% CI:
15% to 95%), and health college students (88%, 95% CI:
41% to 99%).(Fig. 2 C).

Encountered a case that needed CPR

The meta-analysis of 14 studies [19, 26, 29, 31-33, 38, 40,
42, 52, 53, 57, 60, 64] (11,685 observations, 2,068 events)
estimated that 18% of participants encountered a case
that needed CPR (95% CI: 14% to 22%). Heterogeneity
was substantial with an I"2 of 96.4% (p <0.01). Subgroup
analysis showed varying results concerning this ques-
tion among different groups of participants, including
secondary school students (14%, 95% CI: 0.5% to 84.7%),
teachers (19%, 95% CI: 14.7% to 24.9%), the general pop-
ulation (18%, 95% CI: 10.7% to 28.7%), university students
(17%, 95% CI: 9.8% to 29.1%), and health college students
(26%, 95% CI: 23.8% to 28.7%).(Fig. 2 D).

Willingness to attend CPR training if offered

The meta-analysis of 13 studies [17, 18, 20, 24, 25, 28, 30,
38, 45, 50, 52, 61] (7,622 observations, 6,396 events) esti-
mated that 86% of participants ar willing to attend CPR

training if offered (95% CI: 81% to 90%). Heterogeneity
was present with an 12 of 95.0% (p<0.01). Subgroup
analysis showed variations in responses to this question
among different groups of participants, including teach-
ers (85%, 95% CI: 49% to 97%), the general population
(88%, 95% CI: 77% to 94%), university students (85%, 95%
CIL: 74% to 92%), and health college students (89%, 95%
CI: 87% to 90%).( Fig. 3 A).

Activate emergency medical services (EMS)

when encountering an unresponsive person

The meta-analysis of 7 studie [22, 24, 25, 28, 30, 31, 60]
(3,321 observations, 1,020 events) estimated that 34% of
patricipants would activate EMS when encountering an
unresponsive person (95% CI: 15% to 60%). Heterogeneity
was substantial with an I*2 of 99.0% (p<0.01). Subgroup
analysis revealed differences in responses among various
groups of participants, including health college students
(29%, 95% CI: 0% to 100%), university students (38%, 95%
CI: 0% to 100%), teachers (55%, 95% CI: 49% to 60%), sec-
ondary school students (52%, 95% CI: 48% to 56%), and the
general population (12%, 95% CI: 9% to 15%).( Fig. 3 B).

Awareness of EMS number
Meta-analysis across 10 studies [16, 26, 28, 30, 38, 45, 50,
58, 60, 63] revealed that 66% of participants are aware of
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the EMS number (95% CIL: 56% to 74%). Significant het-
erogeneity was observed (1°2=97.0%, p<0.0001). Sub-
group analysis showed varying responses concerning the
awareness of the EMS number among different groups of
participants, with university students having the lowest
awareness (48%, 95% CI: 31% to 66%), while health col-
lege students demonstrated the highest awareness (72%,
95% CI: 67% to 76%). (Fig. 3 C).

Correct CPR ratio (Compression to ventilation)

In the meta-analysis of 14 studies [23, 30-33, 39, 44, 45,
50, 53, 55, 58, 59, 63] 32% of participants were found
to know the correct CPR ratio (95% CI: 22% to 43%).
Substantial heterogeneity was observed (I"2=99.1%,
£<0.0001). Subgroup analysis indicated significant vari-
ations among different groups of participants, with uni-
versity students showing the lowest correct CPR ratio
(35%, 95% CI: 6% to 82%) and health college students
having the highest (36%, 95% CI: 20% to 56%). ( Fig. 3 D).

Correct compression rate for adults
Meta-analysis 11 studies [23, 30, 32, 33, 39, 44, 50, 53, 55,
59, 63] revealed that 26% of participants were found to

A- Correct Compression Rate

Source Proportion (95% ClI|

Ghanem et al, 2018 0.09[0.07;0.11]

Alnajiar et al,, 2020 0.18[0.15, 0.20] =

Al-Mohaissen et al,, 2017 0.18[0.16;0.21] =

Mansour et al,, 2019 0.22[0.20; 0.24] -

Alshehri et al,, 2021 0.25[0.20; 0.30] —8—

Qara etal, 2019 0.27[0.23,0.31] -

Almulhim et al,, 2022 0.31[0.27;0.36] —8—

Srinivasan etal, 2021 0.32[0.25; 0.40] ——

Alavudeen etal, 2022 0.34[0.29;0.40] —8—

Alkarrashetal, 2023 0.41[0.39; 0.43] =

Abazee etal, 2022 0.48[0.44;0.51] —8—

Total 0.26[0.19; 0.35] . eem— .
0.1 02 03 04 05

R ~ Proportion (95% Cl)
Heterogeneity: 71, = 595.68 (P < 001), I = 98% [98%; 99%)

C- Correct Location for Chest Compression
(Mid-Chest)

Source Proportion (95% Cl)

Srinivasan et al., 2021 0.22[0.16; 0.29]

Ahmad et al., 2018 0.25[0.21;0.30] —&—

Ghanem et al,, 2018 0.28[0.25,0.31] 4

Alshehri et al., 2021 0.39[0.34; 0.45] -

Mansour et al., 2019 0.44[0.41;047] =

Al-Mohaissen et al., 2017 0.49 [0.46; 0.52] R

Almulhim et al., 2022 0.54 [0.50; 0.59] ——

Qara etal, 2019 0.56[0.51; 0.60] 8-
Alavudeenetal., 2022  0.56 [0.50; 0.61] —&—
Albazee et al., 2022 0.60[0.57; 0.64] -2
Shams et al., 2016 0.64[0.61;067] 5
Alkarrash et al., 2023 0.71[0.69;0.73] &
Alnajjar et al., 2020 0.77 [0.75; 0.80] &
Total 0.50[0.39; 0.61] —

r T T T T 1
02 03 04 05 06 07
R ~ Proportion (95% Cl)
Heterogeneity: 1, = 952.67 (P < .001), I = 99% [98%; 99%]
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know the correct compression rate for adults (95% CI:
19% to 35%). Considerable heterogeneity was observed
(I2=98.3%, p<0.0001). Subgroup analysis demonstrated
variations among different groups of participants, with
university students having the lowest correct compression
rate (27%, 95% CI: 7% to 65%), while health college students
exhibited the highest (25%, 95% CI: 14% to 40%). (Fig. 4 A).

Correct compression depth for adults

Meta-analysis across 10 studies [23, 30, 33, 39, 44, 50, 55,
58, 59, 63] 34% of participants were found to know the
correct compression depth for adults (95% CI: 22% to
47%). Significant heterogeneity was observed (I"2=98.9%,
»<0.0001). Subgroup analysis revealed variations among
different groups of participants, with university students
showing the lowest correct compression depth (40%, 95%
CIL: 13% to 74%) and health college students having the
highest (31%, 95% CI: 17% to 56%). (Fig. 4 B).

Correct location for chest compression
Meta-analysis of 13 studies [16, 23, 30, 32, 33, 39, 44, 50,
53-55, 59, 63] revealed that 50% of participants know

B- Compression depth 5-6 cm

Source Proportion (95% Cl)
Ghanem et al,, 2018 0.09[0.08;0.12] =

Alshehri et al,, 2021 0.18[0.14,0.23] —8—
Al-Mohaissen et al, 2017 0.21[0.19;0.23] R4
Albazee et al, 2022 0.24[0.21,0.27] =2/
Ahakamy etal, 2020 0.40[0.34;0.47] —8—
Mansour et al., 2019 0.41[0.38; 0.44] N
Alavudeen etal, 2022 0.45[0.39;0.50] ——
Srinivasan etal, 2021 0.51[0.43;0.59] H —8—
Akarrashetal, 2023 0.51[0.49;0.54] : =
Alnajiar et al., 2020 0.58 [0.55; 0.61] H =
Total 0.34[0.22,0.47] —
r T T T T 1
01 02 03 04 05 06

. . Proportion (95% Cl)

Heterogeneity: 72 = 821.13 (P < 001), I* = 99% [99%; 99%]

D- Abbreviation of BLS

Source Proportion (95% CI)

Mansour etal, 2019 0.36 [0.33; 0.38]

Ghanemetal, 2018  0.44[0.41;,0.48] =

Albazee etal, 2022  0.88 [0.85; 0.90] 8
Alavudeen et al., 2022 0.88 [0.84; 0.91] &
Total 0.69[0.24; 0.94]

r T T T T T 1

03 04 05 06 07 08 09
R . Proportion (95% Cl)
Heterogeneity: 33 = 611.88 (P <.001), /I = 100% [99%; 100%]

E- Correct Sequence of CPR

Source Proportion (95% ClI]
Alsharan etal, 2018  0.40 [0.37, 0.43] B
Alhakamy etal, 2020 0.51[0.44; 0.58]
Srinivasan et al,, 2021 0.72[0.64; 0.78]
Total 0.54[0.23;0.82]

—

— 58—

T T T T T 1
03 04 05 06 07 08
3 S Proportion (95% CI)
Heterogenedty. 73 = 52.92 (P < 001), 1 = 96% [92%; 98%]

Fig.4 (AB,CDE) A Forest plot of compression rate, B Forest plot of compression depath of 5-6 cm, C forest plot of correct location for chest
compression(Mid-Chest), D Forest plot of abbreviation of BLS, E Forest plot of correct sequence of CPR
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the correct location for chest compression across (95%
CI: 39% to 61%). Significant heterogeneity was observed
(In2=98.7%, p<0.0001). Subgroup analysis indicated
variations among different groups of participants, with
university students having the lowest prevelance (55%,
95% CI: 31% to 76%), while health college students exhib-
ited the highest (44%, 95% CI: 27% to 63%). (Fig. 4 C).

Knowledge of what the abbreviation of BLS stands for

Meta-analysis of 4 studies [23, 44, 50, 63] revealed that
69% of patricipants know what the abbreviation of BLS
stands for (95% CI: 24% to 94%). Substantial heteroge-
neity was observed (I1"2=99.5%, p<0.0001). Subgroup
analysis showed variations among different groups of
participants, with university students having a prevelance
of 67% (95% CI: 0% to 100%), while health college stu-
dents exhibited 70% (95% CIL: 0% to 100%). (Fig. 4 D).

Correct sequence for CPR

Meta-analysis of 3 studies [38, 55, 58] showed that 54%
of participants know the correct sequence for CPR (95%
CI: 23% to 82%). Significant heterogeneity was observed
(In2=96.2%, p <0.0001). Subgroup analysis revealed vari-
ations among different groups of participants, with health
college students having the highest prevelance (62%, 95%
CI: 3% to 99%). (Fig. 4 E).

Quality assessment of included studies

Overall, the quality of cross-sectional questionnaire stud-
ies was good with score ranging between 5 and 8, with
only two of them scoring 8 and twenty-two studies scor-
ing 7. All studies, except for Al Harbi et al. [66], Alghamdi
et al. [67], Aloraibi et al. [68], Alshehri et al. [69] and
Awadallah et al. [70] scored zero in the ‘Non-Response
Rate’ in the selection domain. Table 2 presents the details
of the quality assessment thoroughly.

Furthermore, we stratified seven experimental and
quasi-experimental studies according to the AHA level
of evidence and class of recommendation classification
as summarized in Table S2. Evidence level ‘LOE B-R’
was given to four studies, ‘LOE B-NR’ to two studies and
‘LOE C-LD’ to one study. Only Abbas et al. [65] Has-
san et al. [71], Majid et al. [72] were considered to have
moderate (class IIa) evidence, while the remainder of the
studies were deemed to have weak (class IIb) evidence.

Discussion

The results from this study demonstrated that CPR train-
ing in Arab countries was favorably viewed overall with
the majority of participants indicating both support
for mandatory CPR training and general willingness
to attending training if offered the opportunity. Public
awareness is of great importance as the success rate of
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BLS can be ameliorated when lay persons initiate life-sav-
ing techniques before arrival of healthcare professionals.
Given the overall positive view and willingness to learn
CPR skills, there should be increased focus on strategies
that increase accessibility and opportunity for CPR train-
ing in Arab countries. One country that has recognized
the importance of this notion is Lebanon, as evidenced
by the position statement published by the Lebanese
Society of Cardiology and the Lebanese Society of Emer-
gency Medicine [15]. In this statement, the launching of
a campaign raising public awareness of CPR and auto-
mated external defibrillator (AED) use through videos,
messages, and educational material was recommended
to demonstrate the importance of early recognition of
signs of cardiac arrest and factors impacting survival out-
comes. This statement also discussed mandating of CPR
training including the use of AEDs in high schools, in
addition to training of lay people in the community. In a
Slovenian study on CPR training in school children, the
youngest age group (12.5 years) made the most progress
in CPR knowledge, thus highlighting the value of starting
training and instilling a sense of social responsibility early
[16]. This is comparable to several other countries such
as Japan, Austria, Hong Kong, Singapore, and Norway
where CPR and AED courses are integrated into second-
ary school curricula [17].

As expected, prior knowledge of CPR varied among
populations. This can be explained by differing stages
of life and variations in work, school, and living envi-
ronments that result in different levels of exposure to
information about CPR. Compared to the proportion
of participants who reported prior knowledge of CPR,
the proportion of those who considered their knowl-
edge sufficient was roughly half; this is consistent with
multiple studies. For instance, in a study conducted at a
medical school in Oman, 53.6% and 64.5% of 304 medi-
cal students had insufficient knowledge and no previous
BLS training, respectively [18]. In another observational
study, comprised of 121 participants including nurses,
dental personnel, and house officers, it was found that
the average health care worker lacked sufficient BLS and
CPR knowledge [19]. This may be remedied by provid-
ing initial training and refresher programs with strategies
that promote knowledge retention. Recent studies have
highlighted the importance of high-quality resuscitation
training. For example, Dudzinski et al. [20] analyzed the
quality of CPR performed by firefighters and found sig-
nificant insights into compression quality under physical
strain. Leszczynski et al. [21] evaluated the use of vir-
tual environments for CPR training, demonstrating the
potential of multimedia methods. Sholokhova et al. [22]
examined CPR knowledge among pedagogy students,
providing valuable data on the effectiveness of training
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programs for non-healthcare professionals. A prospec-
tive study conducted in Slovenia on schoolchildren dem-
onstrated a more marked drop in retention of practice
CPR skills compared to theoretical knowledge; they rec-
ommended putting a greater emphasis on practical train-
ing combined with a quick theoretical overview on repeat
courses [23]. This can be implemented to empower indi-
viduals following initial training to be able to initiate CPR
measures as a bystander.

In our review, we found that 13 included studies have
organized their questionnaires in line with the American
Heart Association (AHA) guidelines and one study in line
with the European Resuscitation Council (ERC) guide-
lines. While the AHA guidelines are often referenced due
to their global influence, the ERC guidelines are also sig-
nificant in this region. Studies have shown that the adop-
tion of resuscitation guidelines in the Middle East can be
influenced by regional collaborations and the availability
of training resources [24, 25].

Another finding in this meta-analysis was that 66% of
participants over 10 studies reported knowledge of the
EMS contact number, with only 34% over 7 studies acti-
vating EMS when encountering an unconscious person.
One factor that may be contributing to this difference
may be that participants simply had never found them-
selves in such a situation; for instance, in our study, only
18% of individuals over 14 studies had encountered a case
requiring CPR. However, it is alarming that there is not a
larger proportion of the population is aware of the EMS
number. This is unfortunately consistent with other stud-
ies conducted in the area. A study in Saudi Arabia con-
ducted on security personnel in shopping malls showed
that more than half of the participants (54.1%) did know
the correct EMS number in Saudi Arabia [17]. A study in
Iran in non-institutionalized older adults demonstrated
that 47% were not familiar with the EMS system and
thus, how to implement it [26]. They cited a low pub-
lic awareness and high rate of illiteracy as contributing
factors. Given that recognition and subsequent activa-
tion of the emergency response system is the first step
of the chain of survival, knowledge of the EMS number
and how to activate the response is imperative. Future
endeavors should focus on increasing public awareness of
the role, availability, and contact of local EMS.

Several studies have discussed the outcomes and
modifying factors of OHCA in Middle Eastern coun-
tries. Ethnicity has been evaluated by Awad et al. [27]
in a Qatari population as a possible influencing factor
on the prognosis of OHCA cases and they found that
North African patients had lower risk factors, more
favorable rhythms and better survival rates as they were
more likely to receive advanced cardiac life support
(ACLS) interventions. On the other hand, another study
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found sex-based difference in the outcomes of OHCA
cases with lower incidence of OHCA in public places
among female patients; moreover, female patients were
less likely to receive bystander CPR compared to male
patients [28]. Alqahtani et al. [29] performed a prospec-
tive observational study of OHCA cases that were treated
by the ambulance services in United Arab Emirates; they
reported low bystander response rate -with only half of
OHCA cases being recognized- and low AED usage rate.
This meta-analysis compiled results regarding CPR tech-
nique defined by correct compression to ventilation ratio,
compression depth, compression rate, location of chest
compression, and correct sequence. The overall results
from this meta-analysis showed that, of these factors, com-
pression rate and depth were the two factors that were most
often administered incorrectly. This is supported by a study
conducted in Saudi Arabia in which participants’ most
common misconceptions included the adult compression
rate (90.8%) and the compression depth (84.5%) [17]. This
represents an area for improvement as these two factors,
when within target ranges, are correlated with recovery
with good neurologic function after OHCA [30]. The AHA
recommends a target compression rate of 100-120 per
minute and a depth of at least 5 cm for adult patients [31].
However, it is important to note that these factors affect
one another; for instance, a faster compression rate can
compromise the compression depth. Furthermore, it has
been postulated that the recommended depth is too high
and that maximal survival is at a depth of 45.6 mm [32]. A
study in 2019 sought to find an ideal combination target
for these two factors and recommended a combination of
107 compressions per minute and a depth of 4.7 cm [30].
In a prospective study on school children examining reten-
tion of CPR skills, hand location was well adapted as were
the depth and release of the compressions, but compres-
sion rate was noted to be most out of the desired range, too
slow on average [16]. With this information in mind, future
training programs should implement strategies to highlight
the ideal combination of compression rates and depth to
learners to ensure correct and efficacious delivery of CPR.

Limitations

This study has several limitations. Many included stud-
ies were cross-sectional and relied on self-reported data,
which may introduce bias as individuals may not accu-
rately report their own knowledge and proficiency in
CPR. The exclusion of studies without separable data for
non-healthcare workers might limit the comprehensive-
ness of our analysis. Additionally, the variations in first
aid education programs across different countries may
impact the generalizability of our findings. Future studies
should aim to include a broader range of data sources and
consider longitudinal designs to better assess the impact
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of CPR training over time [33, 34]. Another limitation
may stem from the fact that all the studies included in
this meta-analysis were conducted in Arab countries;
as such, this may limit the generalizability of the results
to the rest of the world, given that several cultural and
demographic factors might influence the results.

Future direction

We are encourage future studies to assess the knowledge,
awareness, and perception (KAP) before and after CPR
training, including long-term follow-up, and to investi-
gate possible associated factors that impact BLS KAP and
CPR performance. This information will aid in identifying
lapses and areas for improvement to ensure better perfor-
mance — and outcomes — following CPR training. In addi-
tion to this, we are shedding a spotlight on the importance
of adoption of national policies that should prioritize the
quality and accessibility of BLS education, not only to
healthcare providers, but to the general population.

Conclusion

As expected, prior knowledge of CPR varied between dif-
ferent groups of participants. This can be explained by
differing stages of life and variations in work, school, and
living environments that result in different levels of expo-
sure to information about CPR. This meta-analysis also
compiled results with regards to CPR technique defined
by correct compression to ventilation ratio, compres-
sion depth, compression rate, location of chest compres-
sion, and correct sequence. The overall results from this
meta-analysis showed that, of these factors, compression
rate and depth were the two factors that were most often
administered incorrectly. future training programs should
implement strategies to highlight the ideal combination of
compression rates and depth to learners to ensure correct
and efficacious delivery of CPR with increased focus on
the practical portion during refresher courses to promote
retention. In all, the results from this study demonstrated
that CPR training in Arab countries was favorably viewed
overall with the majority of non-healthcare participants
indicating both support for mandatory CPR training and
general willingness to attending training if offered the
opportunity. Given the overall positive view and willing-
ness to learn CPR skills, healthcare policy makers should
adopt a more comprehensive focus on strategies that
enhance the accessibility and opportunity for CPR train-
ing for non-healthcare populations in Arab countries.

Abbreviations

CPR Cardiopulmonary resuscitation

AHA American Heart Association

ACLS  Advanced cardiovascular life support
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