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Abstract
Antimicrobial Resistance (AMR) is a major global concern, negatively impacting public health outcomes
(1-5), patient safety (3,6-8) and poses enormous burden on economic development and security (8-16).
Internationally, data suggests, at any given time, approximately one-third of the hospitalized patients and
over two-thirds of critically ill patients are prescribed antimicrobials and more than half of these
prescribed antimicrobials are deemed inappropriate (5,17,18).

Expertise
Our research team covers key areas of expertise required for this review, includes, clinical pharmacy
specialists, infectious disease experts, health policy researchers etc. We have worked together previously
with a proven track record of researching �elds of obstetric and perinatal population. We have also
managed complex studies within time and budget limitations.

Background
Global overview and clinical impact of antimicrobial resistance

Antimicrobial Resistance (AMR) is a major global concern, negatively impacting public health outcomes
(1-5), patient safety (3,6-8) and poses enormous burden on economic development and security (8-16).
Internationally, data suggests, at any given time, approximately one-third of the hospitalized patients and
over two-thirds of critically ill patients are prescribed antimicrobials and more than half of these
prescribed antimicrobials are deemed inappropriate (5,17,18).

The health impact of AMR is catastrophic, presenting signi�cant challenges to treating microbial
infections (19-21). Various factors contributing to AMR include misuse of antimicrobials, emergence of
resistant bacterial genes, dearth of newer antimicrobial agents, and lack of coordinated antimicrobial
stewardship programs (ASPs) (2,8,9,22). A report from the Centers for Disease Control and Prevention
(CDC) in the US, estimates at least 2.8 million patients with serious infections are resistant to at least one
or more antibiotics that were actually intended to treat those infections, and at least 44000 of these
patients die yearly as a result of the multidrug resistant infections (23). Data from Europe reveals 23000
deaths occur annually due to antibacterial resistance (24). AMR data from the region reported, 20%
mortality among pediatric hematological patients (25), 40% from a tertiary hospital (26) and 60 to 90% of
the ventilator associated pneumonia were found resistant to most of the existing antibiotics (27).

Economic impact of antimicrobial resistance

In addition to destabilizing healthcare goals, AMR is associated with substantive economic
consequences. An estimated US$ 34 billion is spent annually on the treatment of antibiotic-resistant
infections in US hospitals alone (28). Data from the World Bank estimates an increase in healthcare cost
of up to one trillion $US annually and an additional 10 million people worldwide will die every year due to
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AMR by 2050 (11). The Centre for Disease Prevention and Control in European Union estimates an annual
healthcare cost of €1.5 billion due to AMR in the form of lost productivity, wages, extended course of
therapy and additional medical expenses etc. (29). An overall global scale of AMR is more di�cult to
quantify as economical and epidemiological data are scarce in many parts of the world (30), however
available data indicate a considerable concern. By 2050, if no further interventions are made to combat
AMR, the world economy would decline by anywhere between 0.06% and 3.1% (31, 32). 

Importance of antimicrobial stewardship program

In recognition to the magnitude of harm caused by AMR, the World Health Organization (WHO) and the
United Nations at the General Assembly of 2016 recommended urgent implementation of country-level
and institutional antimicrobial stewardship programs (ASPs) as a method of enhancing appropriate use
of antimicrobials thus combating resistance (33). The Infectious Disease Society of America (IDSA)
de�ned ASP as “a set of coordinated interventions designed to improve antimicrobial use in terms of
selecting the appropriate agent, dose, route of administration, and therapy duration without
compromising patient outcomes”(33).

The development of AMR is multifactorial and thus requires multifaceted, interventions to combat the
spread of resistance in healthcare settings (2,7,23,30). ASP has evolved from a cost saving phenomenon
to a tool dedicated to reducing the spread of microbial resistance by minimizing the misuse of
antimicrobials. In the recent years, several studies have highlighted the positive impact of ASPs in terms
of reducing resistance, antibiotic use and healthcare costs (13,15,34,35).

Furthermore, in an effort to improve antimicrobial use in hospitals, the CDC recommends all acute care
hospitals to implement ASPs. To support this initiative, the CDC released Core Elements of Hospital
Antibiotic Stewardship Programs a framework specially designed to assist hospitals in both starting and
expanding ASPs. The seven core elements are described in the table below, (36)

Davie et.al (5) classi�ed antimicrobial stewardship interventions into (i) Persuasive - interventions that
provide information for prescribers (such as audit, education, feedback etc.), (ii) Restrictive –
interventions aimed at setting rules or implementing standards (such as formulary restrictions,
prescribing restrictions), (iii) Structural – providing support and quality control (decision support,
electronic prescribing etc)

Problem statement and evidence

Several systematic reviews have evaluated the clinical and economic impact of ASPs (5,13,34,35,37-40),
however, limitations compromise their generalizability as they either focused on, critical care unit (39),
specialized inpatient wards (5,40), or outpatient units (38). Whilst some reviews explicitly focused on
pediatrics (20) and long-term residential care (41), few others reviewed the impact of antimicrobial
stewardship interventions distinctly in western countries and Asia (34). Notably, most of the research on
ASP and AMR has originated from North American and European healthcare centers. Middle East and the
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Persian Gulf has a dearth of epidemiological data on AMR, and the impact of antimicrobial stewardship
practices remains largely unknown (35,42).

The Middle East includes 15 strategically, politically and economically diverse countries: Bahrain, Egypt,
Iraq, Iran, Jordan, the Kingdom of Saudi Arabia (KSA), Kuwait, Lebanon, Palestine, Qatar, Sultanate Oman,
Syria, Turkey, the United Arab Emirates (UAE), and Yemen (43). Conversely, Middle East has its own share
of antibiotic-resistance issues that stems from a wide range of problems, including self-
prescribing(44,45), misuse of antimicrobials (35,45) over the counter sales (46,47), poor infection control
measures, poor understanding and unrealistic expectations among patients (48,49), and most notably
due to the recent population mobilization due to socio-economic developments, con�icts and multiple
war crises (50). A recent report from the WHO has also highlighted that, due to poor economic status and
lack of health care insurance, patients often approach pharmacists for their medications to avoid
consultations costs (50). Moreover, the overall public awareness about the use of antimicrobials and its
resistance in this region is reported to be poor (48,49,51-55).

Recent systematic review related to ASP from Middle East, reported, strategies to assess appropriateness
of antimicrobial prescribing and behaviors in selected Middle Eastern countries. However, no information
about the quality of studies was provided and the review did not address an in depth clinical or economic
impact of the stewardship program. Furthermore, albeit, all recent developments, the ASPs in the Middle
East are suboptimal and still in their infancy (35). One further systematic review investigating the barriers
and facilitators of implementing ASPs in Gulf Cooperation Council (GCC) stated that adoption of ASPs
among hospitals and other healthcare settings remains low and largely under reported. Poor planning
and lack of national strategies to combat AMR further hinders the implementation of ASPs in GCC (42). A
PROSPERO registered systematic review protocol on aspects of CDC alignment of ASP implementation
and its potential barriers and facilitators limited to GCC countries is in progress (56). 

Signi�cance and aim of the study

Considering the diverse healthcare systems, extensive geographic area, economy, ethnic background,
cultural context and healthcare practices in the Middle East, there may be merit in conducting a
systematic methodological review of published evidence to measure the e�cacy of antimicrobial
stewardship efforts in the region and to assess the subsequent clinical and economic outcomes. Given
that, concerted efforts are being made by health authorities across the globe, particularly in this region, to
combat AMR. However, hospital level data in terms of variation in stewardship practices, interventions
used, antimicrobial consumption, and resistance across different countries in the Middle East has not
been addressed till date.

The �ndings of this review are anticipated to provide scienti�c foundation to develop an evidence
informed intervention to address the burdensome sequelae of antimicrobial resistance in the region. The
�ndings will inform the policymakers about the importance of adoption of ASPs in hospitals. Rigorous
and unbiased economic impact of ASPs will further inform decision makers and key stakeholders on how
to allocate scarce healthcare resources in the most bene�cial way. Considering the recent advancements
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in healthcare in the Middle East, an updated systematic review in relation to understanding the state of
antimicrobial stewardship incorporating economic consequences in the Middle East is warranted.
Furthermore, we anticipate that sharing the regional experience will facilitate other healthcare institutions
to adopt ASPs. 

Research Question(s)

The systematic review seeks to answer the following questions in relation to antimicrobial use in
hospitals in Middle East,

1. What are the core elements of hospital antimicrobial stewardship tools/interventionsused/reported
to improve antimicrobial use in hospitals?

2. What are the different outcome measuresreported?

3. What is the clinical and economic impactof antimicrobial stewardship interventions on antimicrobial
prescribing and use in hospitals?

4. What are the improvement strategies reported/suggested that could reduce AMR within hospitals in
Middle East?

Methods
The systematic review protocol was developed in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRISMA-P) guidelines (57) (Additional �le 1). In order to
reduce the variability and enhance the rigor and validity of results, the review protocol is registered in the
PROSPERO International Prospective Register of Systematic Reviews (CRD42020172773) (56)
(Additional �le 2). 

Literature search

The search will follow a comprehensive, sequential three step search strategy, (58)

The �rst step will be an initial limited search that will include two most relevant online databases
(MEDLINE/PubMed and CINAHL), we will identify the key words in the title and abstract of retrieved
papers, and the index terms used to describe the articles.

In the second search, we will use all identi�ed keywords and index terms to search across different
databases. All search terms used for the search will be added in the appendix. Various boolean operators
(AND/OR/NOT), truncations, wildcards etc. either individually or in combination will be used to ensure the
comprehensiveness of the search process.

The electronic databasethat will be searched are,

MEDLINE/PubMed

ScienceDirect
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Cochrane database

Embase

Thirdly, the reference list of identi�ed, relevant articles will be searched for additional studies. In case of
missing information/incomplete data, the authors of primary studies will be contacted, if required. A
review of Google`

Scholar will also be conducted to include all relevant articles.

The quality of this search strategy will be assessed by at least two independent researchers using the
Peer Review of Electronic Search Strategies Evidence-Based Checklist (PRESS EBC) (59). Checklist will be
attached in the appendix for reference.

Study designs, particularly, randomized and quasi-randomized controlled trials (RCTs/CCTs), controlled
before and after studies (CBAs) and interrupted time series (ITSs), cohort studies will be included.
Previous systematic reviews will be analyzed for cross-referencing.

Citation Manager: RefWorks

Study selection

All titles and abstracts of potentially relevant studies in English, reporting impact/e�cacy/effectiveness
and/or economic aspect of ASP in a hospital setting in Middle Eastern countries will be vetted by one
author (BT). Abstracts will be excluded if they do not ful�l the inclusion criteria. After the screening, all
selected research articles will be subjected to full-text review, and independently vetted by 2 reviewers (BT
and PAR) and quality assessment will be performed. Any inconsistencies and disagreements will be
resolved by consensus or a third reviewer (WK).

Inclusion criteria

In this review, we have adopted the IDSA de�nition of ASP (described previously). Studies will be included
if any (i) antimicrobial stewardship interventions are (detailed in search terms) applied; (ii) to improve
antimicrobial prescribing and/or utilization; and (iii) within an inpatient hospital setting.

In terms of evaluating the economic outcomes of an ASP program, we will use the strategy previously
identi�ed by Dik et al (60) that has been widely used in previous literature.

Exclusion criteria includes animal studies or antibiotics used for agricultural needs, data from non-
hospital settings such as outpatient/ambulatory care settings or long-term residential care. All non-peer
reviewed outputs, narrative reviews, conference proceedings, commentaries, editorials, or qualitative
studies will be excluded. Considering the recent developments in terms of implementing stewardship
programs as well as within health economics, studies published before 2000 will be excluded.

Data extraction
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Data abstraction will be performed by two independent reviewers (BT & PAR) using a standardized
template which will include three main categories, (i) general characteristics of the reviewed studies such
as, country, year of publication, study objective(s), study design, type of hospital, number of beds, number
of patients. (ii) Identi�cation of different ASP interventions or tools, based on the categories reported in
Dik et al., and �nally (iii) all variables linked to the outcome measures listed in the PICO (table 2) will be
extracted.

As mentioned earlier, the interventions of an ASP will be classi�ed into three main categories (a)
persuasive (b) restrictive and (c) structural, which includes interventions such as, (i) education and
training; (ii) pre-authorization, prospective audit, feedback, review, consultation and recommendation; (iii)
drug control or monitoring, formulary restriction and intravenous-to-oral conversion; (iv) computerized
system use; (v) intervention by infectious disease experts; (vi) antibiotic rotation; (vii) institutional
guideline; (viii) national guideline; and (ix) infection control and hand hygiene program.

In terms of outcome measures,

Outcome 1 (Antimicrobials): antimicrobial consumption, before and after the ASP interventions will be
recorded, consumptions will be measured in daily dose per 1000 patient days (DDD/1000PD). The
e�cacy will be determined and expressed in percentage in change of consumptions. Other outcome
measures will be de-escalation or shift to targeted therapy, treatment duration, intravenous to oral switch,
dose adjustment, and therapeutic drug monitoring (TDM) 

Outcome 2 (Clinical): effect of ASP on a series of clinical outcomes includes, measure of resistance,
infection related mortality, length of stay, compliance to prescribing of antibiotics with local or national
guidelines, incidence of antimicrobial resistance, infection related mortality, compliance to the ASP
guidelines, rate of healthcare-associated C. di�cile infections, hospital readmission due to relapse of
infection within 30 d after discharge, incidence of multidrug-resistant organisms (MDRO)

Outcome 3 (Economic): the data extraction of economic outcome will include reports on cost of
implementation of ASP, operational costs, direct cost related to antimicrobial consumptions, morbidity,
and/or mortality costs, length of stay cost, or any overall cost savings reported.

Risk of bias assessment and Quality assessment

Pairs of reviewers will independently assess quality of each of the studies (BT & PAR). The Cochrane Risk
of Bias tool (61) will be used for randomized controlled trials and for nonrandomized studies we plan to
use the Newcastle–Ottawa Quality Assessment Scale (NOS) (62). NOS is a three-dimensional appraisal
tool to assess the methodological quality that includes, (i) selected population, (ii) comparability of
groups, and (iii) outcome/exposure of interest. The studies will be scored on a scale ranging 0 – 9,
wherein, a score >= 6 indicates high-quality studies, a score between 3- 6 as moderate and a score less
than 3 will be considered as low quality. In terms of assessing the level of quality of the papers including
economic impact, a separate tool, i.e. Consensus on Health Economics Criteria [CHEC] list (12) quality
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criteria will be used. The research team has also proposed the use of ICROMS (Integrated quality Criteria
for the Review Of Multiple Study designs), an integrated quality assessment checklist that can be used
for a large range of study designs including qualitative research (63).

Data analysis/synthesis

A narrative synthesis method (64) is deemed most appropriate, where all included studies will be
summarized in a narrative form. Tables and graphs will be created to illustrate the key study
characteristics such as (population characteristics, study outcomes, sample sizes, settings, methods
used, results, and any other important aspect related to each research question of interest). The number
of studies and proportions reporting an improvement will be computed. Economic analysis will be
conducted based on the following criteria:

Antimicrobial Cost Analysis (ACA) – will include all studies that explicitly reported direct cost of
antimicrobial consumption.

Cost-Bene�t Analyses (CBA) – will include studies that considered the effects of two different methods
and the effects were expressed in terms of cost.

Cost-Effectiveness Analyses (CEA) – will include studies that evaluated relative cost and effects of two
different methods.

Cost-Consequence Analyses (CCA) – will include studies that reported different costs and effects of two
methods.

Cost-Analyses (CA) – studies that looked at only the cost but not effects of the methods.

Cost-Minimization Analyses (CMA) – studies that looked at cost differences assuming same effects
between the two different methods.

If meta-analysis of outcome data is deemed appropriate, random or �xed effect methods will be
considered depending on heterogeneity among the studies. Statistical heterogeneity between studies will
be assessed using tau squared and I2 statistics and P <0.10 and I2>than 50%, will be considered as a high
level of statistical heterogeneity between the studies. Only, if the studies are homogenous, data will be
pooled for a meta-analysis, if otherwise, it will be presented in standardized mean difference (SMD) (65). 

Quality of evidence

Two authors will independently assess the quality of evidence for each outcome. The quality of evidence
will be determined by Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system. The studies will be rated based on their evidence ranging high, moderate, low, or very low level.
Individual outcomes will be assessed for the following aspects, limitations, inconsistency, indirectness,
imprecision, and publication bias.
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Discussion
Antimicrobial resistance is a global public health concern and healthcare facilities across the world has
implemented antimicrobial stewardship as an essential tool to combat resistance. Whilst majority of
studies on antimicrobial stewardship has originated from western countries little is known about its
clinical and economic impact in the middle east. To the best of our knowledge, this will be the �rst
systematic review to systematically investigate a range of antimicrobial stewardship interventions
implemented across hospitals in middle east and to summarise the clinical and economic impact of
these interventions on public health. We anticipate that this review will contribute valuable information in
terms of antimicrobial stewardship programs to healthcare policymakers, public health practitioners, key
stake holders and researchers. Furthermore, the identi�cation of any gaps in the existing literature in
terms of combating antimicrobial resistance through antimicrobial stewardship programs will help policy
makers, researchers and funding bodies to provide appropriate interventions.

A scoping review has identi�ed that there is considerable degree of heterogeneity between the studies,
most notably in terms of study design, exposure measurement, characteristics of participants, and
outcomes. Hence it may be di�cult to pool data for meta-analysis and thus the data will be tabulated
and narrative synthesis will be performed.

To ensure a wider dissemination, the interim �ndings will be presented at local and international
conferences and we aim publish the �ndings in high impact open access journals. Furthermore, a
summary of �ndings will be disseminated to key stakeholders, policymakers, antimicrobial stewardship
committee, hospital infection control committee, etc.

Strengths and limitations of this study

To the best of our knowledge, this will be the �rst review to use a validated systematic and
transparent methodological process to appraise and summarize the existing literature on clinical and
economic impact of antimicrobial stewardship in the middle east.

The proposed systematic review is in accordance to the Preferred Reporting Items for Systematic
Reviews and Meta Analyses guidelines (PRISMA), ensuring consistency and uniformity in reporting
the full systematic review.

Two independent reviewers will screen the eligible studies and perform extraction and quality
assessment to minimize potential reviewer bias.

One key limitation of this review is it will only include studies published in English, there are chances
that we may miss information published in Arabic, Turkish or Persian languages.

There is a possibility of reporting bias, as we plan to exclude no studies based on the quality, and
there is a possibility that �ndings originate from low and inconsistent studies. However, all the
studies will be analyzed for risk of bias and quality of evidence in accordance with GRADE criteria.

List Of Abbreviations
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PRESS EBC Electronic Search Strategies Evidence-Based Checklist

NOS Newcastle–Ottawa Quality Assessment Scale

CDC Centers for Disease Control and Prevention

PROSPERO The International Prospective Register of Systematic Reviews

PRISMA-P The Preferred Reporting Item for Systematic Review and Meta-analysis

GRADE Grading of Recommendations Assessment, Development, and Evaluation
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Tables
Table 1: Core Elements of Hospital Antibiotic Stewardship Programs
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Core Elements Requirements

Leadership
commitment

Dedicating necessary human, �nancial, and information technology resources

Accountability Appointing a single leader responsible for program outcomes and accountable to
an executive-level or patient quality–focused hospital committee. Experience with
successful programs shows that a physician or pharmacist leader is effective

Drug expertise Appointing a single pharmacist leader responsible for working to improve antibiotic
use 

Action  Implementing at least 1 recommended action, such as systemic evaluation of
ongoing treatment needs after a set period of initial treatment (ie, antibiotic “time-
out” after 48 h

Tracking Monitoring process measures (eg, adherence to facility-speci�c guidelines, time to
initiation or de-escalation), impact on patients (eg, Clostridium di�cile infections,
antibiotic-related adverse effects and toxicity), antibiotic use and resistance

Reporting  Regular reporting of the above information to doctors, nurses, and relevant staff 

Education  Educating clinicians about disease state management, resistance, and optimal
prescribing 

Source: Centers for Disease Control and Prevention

Table 2: Framework for determining eligibility of research questions
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Criteria Determinants

Population
(P)

Patients receiving antimicrobials in hospitals

Interventions
(I)

Antimicrobial stewardship interventions the interventions of an ASP will be classi�ed
into three main categories (a) persuasive (b) restrictive and (c) structural, which
includes interventions such as, (i) education and training; (ii) pre-authorization,
prospective audit, feedback, review, consultation and recommendation; (iii) drug
control or monitoring, formulary restriction and intravenous-to-oral conversion; (iv)
computerized system use; (v) intervention by infectious disease experts; (vi) antibiotic
rotation; (vii) institutional guideline; (viii) national guideline; and (ix) infection control
and hand hygiene program.

Comparison
(C)

No comparison as such, however few studies might have included before and after
analysis, or hospitals with vs without ASPs

Outcome (O) Antimicrobial

·         Antimicrobial consumption (DDD/1000 patient days)

·         De-escalation or shift to targeted therapy

·         Treatment duration

·         Antimicrobial choice

·         Intravenous to oral switch

·         Dose adjustment

·         Therapeutic drug monitoring (TDM)  

Clinical

·         Length of stay

·         Antimicrobial resistance

·         Infection related mortality

·         Compliance to the ASP guidelines

·         Rate of healthcare-associated C. di�cile infections

·         Hospital readmission due to relapse of infection within 30 d after discharge

·         Incidence of multidrug-resistant organisms (MDRO)

Economic

 

·         Implementation cost

·         Operational cost

·         Antimicrobial expenditure



Page 19/19

·         Morbidity, and/or mortality costs (costs associated with hospital procedures,
treatment etc.)

·         Length of stay cost

·         Overall cost saving

Setting (S) Data from hospital inpatients
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