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Abstract 

Background: Antimicrobial resistance (AMR) is spreading rapidly and is considered to 

be one of the greatest public threats worldwide. The inappropriate use of broad-

spectrum antimicrobials has contributed to the emergence of AMR. The WHO has 

developed Access, Watch, Reserve (AWaRe) classification to support hospitals and 

countries in promoting the appropriate utilisation of antimicrobials. Studying broad-

spectrum antimicrobial utilisation and the determinants of broad-spectrum 

antimicrobial prescribing can assist in developing strategies and policies to improve 

the local prescribing practice for these agents.  

Aim: To evaluate the practices of broad-spectrum antimicrobial prescribing to 

provide potentially effective and feasible recommendations and interventions that 

will result in improvements in broad-spectrum antimicrobial prescribing practices in 

a hospital setting in the Kingdom of Saudi Arabia (KSA). 

Methods: An explanatory sequential mixed methods approach was adopted. First, a 

quantitative, observational, retrospective, cross-sectional, drug utilisation study, 

which included adult patient data on carbapenems (imipenem/cilastatin or 

meropenem) and piperacillin/tazobactam use retrieved from a hospital database for 

the period from 1 January 2016 to 31 December 2017, was conducted followed by a 

qualitative study of physicians' views and perceptions of broad-spectrum 

antimicrobial prescribing. The qualitative study employed semi-structured interviews 

with 16 physicians to identify and explore the determinants of broad-spectrum 

antimicrobial prescribing practices, recommendations to improve practice and 

possible barriers. This study was carried out in a single tertiary care institution in the 

KSA.  
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Results: A total of 2,871 patients received 5,250 courses of antimicrobial treatment 

with at least one of the studied broad-spectrum antimicrobials across 3,671 patient 

admissions over a two-year period.  It was shown that 4,106 (82%) of broad-

spectrum antimicrobials were prescribed for empiric indications. Of the assessed 

prescriptions, only 2,787 (56.5%) were prescribed appropriately, with 2,142 (43.5%) 

deemed inappropriate. The three most common reasons for inappropriate empiric 

perceptions were: spectrum of activity was too broad 1029 (40%), antimicrobial used 

without a culture request 929 (36.2%), and failure of suitable antimicrobial de-

escalation 570 (22.2%). Interview findings identified key determinants of broad-

spectrum antimicrobial prescribing practices, including patient co-morbidities and 

clinical presentations, the unavailability of local guidelines, physicians’ perceptions 

and attitudes toward broad-spectrum antimicrobials prescribing and several 

institutional constraints. Suggestions prioritised by physicians for improvements to 

the practice of prescribing broad-spectrum antimicrobials included education and 

training, monitoring and feedback, improved logistics of care and antimicrobial 

stewardship. 

Conclusion: This research adds to our knowledge on broad-spectrum antimicrobial 

prescribing practices and recommended intervention and strategies for improving 

the appropriateness of broad-spectrum antimicrobials prescribing in a hospital 

setting in the KSA. Implementing a multifaceted intervention can possibly improve 

antimicrobials prescribing practices. Educating physicians about the importance of 

antimicrobial stewardship practices could be considered. Moreover, introducing 

antimicrobial prescribing guidelines should be significant part of the intervention to 

improve the appropriate prescribing of broad-spectrum antimicrobials. Both 
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education and guidelines should consider the factors that influence physicians 

prescribing and involve physicians to impact effectively and positively on their 

inappropriate prescribing practices and reduce the risk of AMR. 
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Glossary 

Term Definition 

Acinetobacter baumannii An aerobic gram-negative bacterium that is resistant to 

most antimicrobials (Mack et al., 2011). 

Anaerobe A microorganism that can live despite a lack of oxygen 

(Baron, 1996). 

Antibiogram The result of antimicrobial susceptibility testing of an 

isolated bacterium to different antimicrobials (Mack et 

al., 2011). 

Antimicrobials “Chemical substances which have the capacity to 

inhibit the growth and even to destroy pathogenic 

organisms” (Waksman, 1953, p.259). 

Antimicrobial resistance The potential of a microbial organism to resist the 

effect of medicine previously used to fight it (CDC, 

2013). 

Antimicrobial 

stewardship 

“Coordinated interventions designed to improve and 

measure the appropriate use of antibiotic agents by 

promoting the selection of the optimal [antibiotic] 

drug regimen, including dosing, duration of therapy 

and route of administration” (Fishman, 2012). 

Bactericidal  An antimicrobial that kills bacteria (Nemeth et al., 

2015). 

Bacteriostatic An antimicrobial that inhibits bacterial growth 

(Nemeth et al., 2015). 
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Broad-spectrum 

antimicrobials 

Antimicrobials that work against a broad range of 

bacteria (Pagel and Gautier, 2012). 

Beta-lactam 

antimicrobials 

 A class of antimicrobials that are considered to be 

critically significant to modern treatment. They act by 

killing the bacteria where they bind to proteins and 

stopping the bacteria from appropriately forming a cell 

wall (Pandey and Cascella, 2020). 

Carbapenems A group of beta-lactam that is effective against many 

gram-positive and gram-negative bacteria and 

anaerobes. They are usually reserved for serious 

resistant bacterial infections (Codjoe and Donkor, 

2017). 

Co-morbidity Any additional disorder beyond an index condition 

(Valderas et al., 2009). 

Confirmability Neutrality or objectivity concerned with ensuring that 

findings and interpretations clearly originate from the 

data (Tobin and Begley, 2004). 

Credibility The confidence that the research findings are true, 

believable and credible (Lincoln and Guba, 1986). 

Defined daily dose The assumed average maintenance dose per day for a 

drug used for its main indication in adults (WHO 

Collaborating Centre, 2018). 

Dependability The stability of findings over time and study conditions 

(Lincoln and Guba, 1985, Connelly, 2016). 
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Extended-spectrum beta-

lactamases 

Enzymes that are produced by some Klebsiella spp., E. 

coli and other Enterobacteriaceae that inactivate 

certain antimicrobials such as penicillins and 

cephalosporins (Holmes et al., 2016) 

Enterobacteriaceae A large family of gram-negative bacteria that 

include Escherichia coli, Salmonella, Klebsiella, Yersinia 

pestis and Shigella (de W Blackburn, 2006). 

Escherichia coli  A gram-negative bacterium that belongs to 

Enterobacteriaceae (de W Blackburn, 2006).  

Febrile neutropenia The condition of having fever with an abnormally low 

count of neutrophils (Mack et al., 2011). 

Gram-negative bacteria Bacteria whose cell wall contains a thin peptidoglycan 

layer which can make them unable to retain the crystal 

violet stain used for bacterial differentiation (Mack et 

al., 2011). 

Gram-positive bacteria Bacteria whose cell wall contains a thick peptidoglycan 

layer which makes them able to retain the crystal violet 

stain used for bacterial differentiation (Mack et al., 

2011). 

Meticillin-resistant 

Staphylococcus aureus  

Strains of Staphylococcus aureus that are resistant to 

antimicrobials called β-lactams which include 

methicillin, and other β-lactam antimicrobials (Mack et 

al., 2011). 
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Methodological 

approach 

The plan for research that brings wide assumptions and 

hypotheses to comprehensive methods of data 

collection, analysis and explanation (Creswell and 

Creswell, 2017). 

Mixed methods “The class of research where the researcher mixes or 

combines quantitative and qualitative research 

techniques, methods, approaches, concepts or 

language into a single study” (Johnson and 

Onwuegbuzie 2004, pp. 17-18). 

Multidrug-resistant 

bacterium 

A bacterium that is resistant to more than one 

antimicrobial (Holmes et al., 2016). 

Narrow-spectrum 

antimicrobials 

Antimicrobials that work against a limited range of 

bacteria (Mack et al., 2011). 

Nosocomial infection An infection that is acquired in hospital (WHO, 2011). 

Prescribed daily dose  The average dose prescribed according to a 

representative sample of prescriptions (WHO 

Collaborating Centre, 2018). 

Pseudomonas 

aeruginosa 

A gram-negative bacterium that causes severe acute 

infections (Mack et al., 2011). 

Recruitment The process of identifying and inviting participants to 

take part in research (Given, 2008). 

Social desirability  The tendency of participants to provide a response 

that they believe and expect to be 

more socially acceptable (Collins et al., 2005). 
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Spectrum of activity The range of antimicrobial effectiveness (Holmes et al., 

2016). 

Thematic analysis A type of analysis that assists a researcher to find 

themes within a dataset to a specific research question 

(Braun and Clarke, 2006). 

Transferability The extent to which findings can be generalised 

(Lincoln and Guba, 1986). 

Triangulation  The use of different sources of data or multiple 

methodological approaches to enhance the validity of 

a piece of research (Salkind, 2010). 
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Thesis structure  

This thesis has a total of four chapters. Chapter 1 provides a general introduction, 

context and research rationale. Topics outlined in this chapter include antimicrobials, 

antimicrobial use, AMR, strategies to improve antimicrobial prescribing, ASPs as one 

of the strategies to prevent AMR and an overview of the background and healthcare 

system status where the research was conducted. Also, it outlines an overview of the 

general research methodological approach and rationalises the methodology 

adopted.  

Chapter 2 reports on the quantitative, retrospective, observational, cross-sectional, 

drug utilisation study of adult hospitalised patients prescribed broad-spectrum 

antimicrobials, namely, imipenem/cilastatin, meropenem, or 

piperacillin/tazobactam. It provides the utilisation and details of the studied 

antimicrobials. It assessed the appropriateness of the therapy and identifies the 

reasons for giving inappropriate assessments. Finally, it identifies the demographics 

of the patients and the prescription characteristics associated with inappropriate 

prescriptions.  

Chapter 3 describes the qualitative study of physicians prescribing of broad-spectrum 

antimicrobials, including their views on these, factors that influence their prescribing, 

the practices and barriers in antimicrobial stewardship, and their recommendations 

to improve appropriate broad-spectrum antimicrobial prescribing practices. 

Finally, Chapter 4 includes a summary of the main findings from the quantitative and 

qualitative studies, an overall discussion, and recommendations to improve broad-

spectrum antimicrobial prescribing to reduce AMR. Figure 0.1 illustrates the timeline  
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for quantitiaive and qualtiative studies, implemntation of electronic system and 

establishment of antimicorbial stewardship commiittee. 

 

Figure 1.1: Timeline of studies, implemntation of electronic system and 
establishment of antimicorbial stewardship commiittee
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1. Chapter 1 General introduction 

Overview:  

This chapter comprises six sections that together provide an overview of the research 

topic, context and methodological approach. The first section provides an overview 

of antimicrobials, antimicrobial use and AMR; the second outlines the strategies to 

improve antimicrobial prescribing, including antimicrobial stewardship programmes 

(ASPs) as one of these strategies; the third gives an overview of the background and 

healthcare system status where the research was conducted; the fourth illustrates 

the rationale for the research; the fifth provides an overview of the general research 

methodological approach and rationalises the methodology adopted in this thesis, 

and the final section outlines the research questions, and overall thesis aim and 

objectives. 

1.1 Antimicrobials 

Antimicrobials are medicines used to destroy or inhibit the growth of 

microorganisms. These include antibiotics, antifungals, antivirals and antiparasitics. 

Several terms have been used to illustrate antibiotics in the literature. These terms 

include antibiotics, antibacterials and anti-infectives. The term antibiotics was initially 

used in literature by Selman Waksman in 1942 to describe actinomycin, a substance 

produced by Actinomyces antibioticus, a microorganism that had both bactericidal 

and bacteriostatic properties (Waksman and Tishler, 1942). Since then, the word 

antibiotics has been commonly used in the literature. Selman defined antibiotics as: 

“Chemical substances which have the capacity to inhibit the growth 

and even to destroy pathogenic organisms.” (Waksman, 1953, 

p.259) 
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In this thesis, the term antimicrobials will be used to illustrate all of the above terms 

except in direct quotation text. 

1.1.1 Antimicrobials, past and present 

The development of antimicrobials in 1941 changed the practice of medicine; it has 

been one of the most significant public health interventions (Lee et al., 2013). Before 

the introduction of antimicrobials into clinical practice, infectious diseases (ID) made 

up a very large percentage of diseases as a whole (Saga and Yamaguchi, 2009). Up to 

30% of overall human deaths have been attributed to ID (Centres for disease control 

and prevention [CDC], 1999). 

Paul Ehrlich, a German bacteriologist, proposed the idea of the “magic bullet”. This 

scientific idea describes the ability of a substance to selectively destroy a 

microorganism with little or no harm to the human organism. In 1909, after a series 

of preparations, Paul Ehrlich and his colleagues were able to develop a gold-coloured 

powder; this was preparation number 606 of the tested preparations and was named 

salvarsan. Salvarsan (arsphenamine or compound 606) was the first effective 

antimicrobial drug against Treponema pallidum, the causative organism of the 

sexually transmitted disease syphilis (Winau et al., 2004; Gensini et al., 2007). 

In 1928, Alexander Fleming, a Scottish bacteriologist, found that his culture plates of 

Staphylococci were contaminated with Penicillium notatum mould, which appeared 

as a zone surrounding the contaminated cultures. A substance produced by this 

mould seemed to inhibit the Staphylococci growth. He isolated the substance and 

called it penicillin. It was later introduced into clinical use in 1940. Penicillin, which is 

a remarkable drug in terms of efficacy and safety, established the era of 

antimicrobials by saving lives during World War II (Moellering, 1995; Saga and 

Yamaguchi, 2009). 



 

27 
 

In 1935, Gerhard Domagk, a German pathologist, tested several dyes for the 

treatment of bacterial infection. He worked on a brilliant red dye for staining leather, 

which was called prontosil red, and discovered that this dye cured infections caused 

by Streptococci in mice. Domagk’s daughter contracted a serious Streptococcal 

infection from an unsterilised needle and she was given a dose of prontosil. She is 

considered to be the first person to have received prontosil and to have made a 

recovery. Later, Therese Trefouel, a French scientist, determined that the prontosil 

compound could be metabolised into an active drug known as sulfanilamide. 

Between 1935 and 1948, thousands of sulfanilamide derivatives were produced and 

assessed for antimicrobial activity (Dubey and Maheshwari, 1999; Iyer, 2008). 

In 1940, Selman Waksman, an American microbiologist, discovered streptomycin. 

Initially, Waksman was interested in establishing soil microbiology which led him, 

with the aid of one of his students, to the discovery of the soil bacteria named 

actinomycetes. These actinomycetes produced a substance that killed the bacteria. 

Later, he gathered together a group of researchers to work on antimicrobial studies 

which led them to the discovery of actinomycin, clavacin, fumigacin and 

streptothricin. Unfortunately, all four drugs were toxic to animals. In further 

investigations, he isolated a Streptomyces griseus strain from the farm soil and found 

that it produced a substance that killed bacteria. Waksman named it streptomycin. 

Consequent clinical trials showed that streptomycin was safe and effective in the 

treatment of tuberculosis caused by Mycobacterium tuberculosis (Daniel, 2005; 

Woodruff, 2014). Figure 1.1 illustrates the trend of antimicrobial discovery and 

resistance development. 
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 Figure 1.1: Trends of antimicrobials discovery and development of resistance. 
Reproduced with permission from (Saga and Yamaguchi, 2009); Copyright 2009 Japan 

Medical Association 
Key: BLNAR: beta-lactamase-negative ampicillin-resistant; MRSA: methicillin-resistant S. 
aureus; MDRP: multidrug resistant P.aeruginosa; PISP: penicillin-intermediate 
Streptococcus pneumoniae; PRSP: penicillin-resistant Streptococcus pneumoniae; VRE: 
vancomycin-resistant enterococci. 

 

The discovery of the above-mentioned antimicrobials established the paradigms for 

future antimicrobial discovery research. The period from 1940 to 1960 was the 

golden era of novel antimicrobial discovery (Chopra et al., 2002). In parallel to 

antimicrobial discovery, microorganisms that resisted the effect of antimicrobials 

that were originally effective were also emerging; therefore, modifications to the 

existing antimicrobials were made (i.e combination with enzyme inhibitors; Lewis, 

2013). These modifications have helped combat ID, leading to the improved killing of 

pathogens, enhanced spectrum of activity and reduced toxicity (Lewis, 2013). The 

current assessment of the antimicrobial pipeline shows that there are 43 

antimicrobials in a clinical development phase (Figure 1.2). However, since 2019, only 

four antimicrobials have been approved and one is an antimicrobial with a novel 

mechanism of action (Theuretzbacher et al., 2020; The Pew Charitable Trusts, 2021). 

Table 1.1 provides a summary of antimicrobial approvals for 2019. 
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Figure 1.2: Antimicrobials in development from 2014-2020 (The Pew Charitable 
Trusts, 2021) 

 
Table 1.1: Antimicrobial approvals for 2019 (Pharmaceuticals and Medical Devices 
Agency, 2019; The Pew Charitable Trusts, 2021; U.S. Food and Drug Administration, 2019) 

Antibiotic 
name  

Active ingredient  Approved 
date  

Approved use 

Recarbrio imipenem, 
cilastatin and 
relebactam 

07/16/2019 To treat complicated urinary 
tract and complicated intra-
abdominal infections 

Xenleta 
(Noval 
antimicrobial) 

lefamulin 08/19/2019 To treat adults with 
community-acquired 
bacterial pneumonia 

Lasvic  Lascufloxacin  09/20/2019 To treat respiratory and ear, 
nose and throat infections 

Fetroja cefiderocol 11/14/2019 To treat patients with 
complicated urinary tract 
infections who have limited 
or no alternative treatment 
options 

 

1.1.2 Antimicrobial classification                                                                                                                         

More than 5000 antimicrobials have been identified and approximately 100 of these 

are used clinically to treat bacterial infections (Khardori, 2006). They differ in 

chemical, physical and pharmacological properties. To make it easier to understand, 

antimicrobials are classified mainly according to five categories: spectrum of activity, 

http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=212819
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=209445
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chemical structure, route of administration, type of activity, or mechanism of action 

(Adzitey, 2015; Hamid-Ullah and Ali, 2017). Table 1.2 presents an overview of the 

antimicrobial classification systems.  

Table 1.2: Antimicrobial classification systems (Adzitey, 2015; Hamid-Ullah and Ali, 
2017) 

Classification system Category 

Mechanism of action Inhibition of nucleic acid synthesis 
Inhibition of cell wall synthesis 
Inhibition of protein synthesis 
Antimetabolite 

Chemical structure  Aminoglycosides 
Beta-lactam (β-lactam) 
Fluoroquinolones 
Lincosamides 
Macrolides 
Polypeptides 
Sulphonamides 
Tetracyclines 
Miscellaneous 

Route of 
administration 

Oral  
Parenteral  

Type of activity Bactericidal 
Bacteriostatic 

Bactericidal is an antimicrobial that kills 
bacteria (Nemeth et al., 2015). 
Bacteriostatic is an antimicrobial that 
inhibits bacterial growth (Nemeth et al., 
2015). 

Spectrum of activity Broad  
Narrow  

Broad-spectrum antimicrobials are 
effective against a wide range of 
microorganisms in contrast to narrow-
spectrum antimicrobials, which are 
effective against a specific group of 
microorganisms (Adzitey, 2015). 

1.1.2.1 Beta-lactam antimicrobials 

β-lactam antimicrobials are one of the most commonly prescribed group of 

antimicrobials (Pandey and Cascella, 2020). This group of antimicrobials are 

characterised by the presence of a β-lactam ring, which is the 1-nitrogen and 3-

carbon ring (Pandey and Cascella, 2020). This group includes penicillins, 

cephalosporins, carbapenems and monobactams. Table 1.3 illustrates examples of 

the β-lactam antimicrobials group. 
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Carbapenems are a group of β-lactam antimicrobials that are structurally related to 

penicillins (Codjoe and Donkor, 2017). They possess a broad spectrum of 

antimicrobial activity and are effective against gram-positive/gram-negative bacteria 

and anaerobes (Codjoe and Donkor, 2017). Meropenem, imipenem, ertapenem and 

doripenem are all clinically-used carbapenems and are generally considered to be a 

last line group of antimicrobials for treatment of patients with confirmed or 

suspected infections involving a multidrug-resistant (MDR) bacterium (Baldwin et al., 

2008).  

Beta-lactamase inhibitors are a group of agents that primarily work by inhibiting beta-

lactamases enzymes, enzymes that cleave the β-lactam ring and deactivate its 

antimicrobial activity (Pandey and Cascella, 2020). Their clinical impact is realised 

when they are combined with a β-lactam (Bush and Bradford, 2016). This group of 

beta-lactamase inhibitors includes clavulanic acid, tazobactam, sulbactam, 

vaborbactam and avibactam (Pandey and Cascella, 2020). 

A combination of tazobactam and piperacillin provides a broad spectrum of 

antimicrobial activity in a convenient single formulation (Perry and Markham, 1999). 

Piperacillin/tazobactam has a broad spectrum of antimicrobial activity against most 

gram-positive and gram-negative organisms and anaerobes. It is effective in patients 

with febrile neutropenia, intra-abdominal infections, lower respiratory tract 

infections and skin and soft tissue infections (SSTIs; Young and Plosker, 2001). 
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Table 1.3: Examples of β-lactam antimicrobials (Pandey and Cascella, 2020) 

β-lactam antimicrobials Examples 

Penicillins Ampicillin, piperacillin 

Cephalosporins 1st generation 
2nd generation 
3rd generation  
4th generation 
5th generation 

cefazolin, cephalexin  
cefuroxime, cefoxitin  
cefotaxime, ceftriaxone, ceftazidime 
cefpirome, cefepime 
ceftaroline, ceftobiprole 

Carbapenems  Imipenem/cilastatin, meropenem, doripenem, 
ertapenem 

Monobactams  Aztreonam 
 

 

1.1.2.2 WHO (AWaRe) classification 

To support the development of tools for antimicrobial stewardship and to reduce 

AMR, WHO has developed Access, Watch, Reserve (AWaRe) classification of 

antibiotiocs where 180 antibiotics are classified into three groups to highlight the 

importance of their appropriate utilisation. The access group include 48 antibiotics 

that are recommended as first or second choice in empiric therapy for a number of 

common infections. They considered essential antibiotics that should be widely 

available and affordable. The Watch group includes 110 antibiotics that have higher 

resistance potential and that are recommended as first or second choice for a limited 

number of infections. These antibiotics should be observed and prioritised as main 

targets for stewardship programmes. carbapenem and piperacillin/tazobactam are 

under this group. The Reserve group includes 22 last-resort antibiotics that should be 

reserved for management of infections due to multi-drug-resistant organisms. This 

group should be intensively observed and their use should be for certain conditions 

when all alternatives are not suitable or have failed. 

WHO recommends the use of AWaRe classification as a tool inform antimicrobial 

stewardship programmes (ASPs; WHO, 2019). A national-level targe of at least 60% 

of antibiotic consumption should be from the antibiotics in the access group 
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(Sharland et al., 2019). Translating antibiotic utilisation data into AWaRe classification 

may provide valuable insights into international utilisation patterns and may help to 

investigate the potential of this classification as a stewardship tool (Pauwels et al., 

2021a). 

 

1.1.3 Antimicrobial use and resistance 

1.1.3.1 Antimicrobial consumption 

Antimicrobial consumption refers to the number of antimicrobials used in a defined 

setting during a specific period of time (World Health Organization [WHO], 2108c). 

The identification of volumes and patterns in antimicrobial consumption is essential 

to understand the epidemiology of AMR (Van Boeckel et al., 2014). The identification 

of regions with a high rate of antimicrobial consumption can anticipate where the 

threat of a new AMR infection will be most likely (The Center for Disease Dynamics 

Economics and Policy, 2020b) and help to introduce initiatives to preserve 

antimicrobial efficacy (Okeke et al., 2005a; Okeke et al., 2005b). Furthermore, 

mapping the distribution of antimicrobial consumption provides a baseline for the 

evaluation of efforts to reduce inappropriate antimicrobial use in the future (Van 

Boeckel et al., 2014). 

Consumption measures are metrics that reflect an average or cumulative amount of 

antimicrobials being used at the level of the patient, institutionally, nationally or 

globally (Morris, 2014). The most commonly accepted measure for antimicrobial 

consumption is the defined daily dose (DDD), a metric that was established in the 

1970s and has been refined and promoted by the WHO (WHO Collaborating Centre, 

2018). Table 1.4 summarises the commonly used metrics to report antimicrobial 

consumption. 
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Table 1.4: Summary of the commonly used metrics to report antimicrobial 
consumption (Morris, 2014; WHO Collaborating Centre, 2018)  

Key: DDD: defined daily dose; WHO: World Health Organization. 

1.1.3.2 Antimicrobial resistance 

AMR is the potential of a microbial organism to resist the effect of a medicine 

previously used to fight it (CDC, 2013). AMR is spreading rapidly and is considered 

one of the greatest public threats worldwide (CDC, 2013). It is estimated that AMR 

leads to a 1.3 to 2-fold increase in mortality compared to susceptible infections 

(Cosgrove and Carmeli, 2003; Hoffmann et al., 2011). 

Metric Advantage Disadvantage 
DDD 
“The assumed 
average 
maintenance dose 
per day for a drug 
used for its main 
indication in adults” 
 
 

• Ease of 

reporting. 

• A method of 

measure to 

benchmark 

between 

institutions. 

 

• Doses recommended by WHO may not 

reflect the current recommended dose 

as the doses may have changed; 

therefore, there is possible confusion 

with historic data results.  

• Based on adult dosing, it is not suitable 

in paediatrics.  

• Can over or underestimate 

antimicrobial use in certain patient 

populations (e.g. obesity, renal 

impairment). 

Days of therapy 
(DOT) 
“The number of days 
that a patient 
receives an 
antimicrobial agent 
(regardless of dose)” 
 
 

• Applicable to 

paediatrics and 

neonates. 

• Offers more 

clinical relevance 

than DDD.  

• Not influenced 

by changes in the 

DDD standards. 

• Does not reflect the actual given dose. 

Prescribed daily 
dose (PDD) 
 “The average dose 
prescribed according 
to a representative 
sample of 
prescriptions” 

• Adjusted to the 

real situation of 

the setting or 

type of patient. 

• Does not allow for benchmarking 

between institutions. 

Length of therapy 
(LOT) 
“The number of days 
in which the selected 
antimicrobial was 
received” 

• Applicable to 

paediatrics and 

neonates. 

• An accurate 

estimate of the 

duration of 

therapy.  

• Does not reflect multiple therapies and 

the actual dosage given. 

• Cannot be used to compare the use of 

individual drugs. 
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In 1945, Alexander Fleming during his Nobel Prize speech warned that: 

‘‘The public will demand penicillin …Then will begin an era …Of 

abuses. The microbes are educated to resist penicillin and a host of 

penicillin-fast organisms is bred out which can be passed to other 

individuals and perhaps from there to others until they reach 

someone who gets a septicaemia or a pneumonia which penicillin 

cannot save. In such a case the thoughtless person playing with 

penicillin treatment is morally responsible for the death of the man 

who finally succumbs to infection with the penicillin-resistant 

organism. I hope the evil will be averted.” (Fleming, 1945, p. 21) 

Unfortunately, the evil that was foreseen by Fleming has not been averted and the 

discovery of each new antimicrobial has been followed by the detection of resistance 

to it (Bartlett et al., 2013). 

AMR poses an increasing risk to public health and has had serious clinical and 

economic influences across all parts of the world (Vanderkooi et al., 2005; Evans et 

al., 2007; Lee et al., 2007; Carlet et al., 2011; Neidell et al., 2012; CDC, 2013; Smith 

and Coast, 2013; O’Neil, 2014; Friedman et al., 2016; O’Neill, 2016). It is estimated 

that around 700,000 people die globally per year from drug-resistant bacterial 

infections, malaria, tuberculosis and human immunodeficiency viruses. However, this 

number is probably an underestimation due to poor reporting (O’Neill, 2014).  

Moreover, several studies have shown an association between AMR and prolonged 

hospital stay (Evans et al., 2007; Lee et al., 2007). Evans et al. (2007) conducted a 

retrospective cohort study to determine the association between infections caused 

by resistant gram-negative bacteria and patient outcomes. The study found that 

patients with infection caused by resistant gram-negative bacteria had a longer 

median of hospital stay than patients with infection caused by sensitive strains (29 

days versus 13 days, P <0.0001). Similar findings were reported by Lee et al. (2007) 
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who found that patients with infections caused by MDR Acinetobacter baumannii (A. 

baumannii) strains stayed longer in hospital than patients with infections caused by 

non-MDR A. baumannii strains (54 and 34 days, respectively; P= 0.006. (Lee et al., 

2007)). This could be explained by the fact that when infections can no longer be 

treated by first-line antimicrobials, there is a risk of severe illness for which a longer 

duration of treatment may be needed. 

Furthermore, the use of more expensive antimicrobials, increased hospital stay and 

the severity of illness all contributed to increased health care costs (WHO, 2018a). A 

study conducted by Neidell et al. (2012) showed that the cost of hospitalised patients 

with community and healthcare-associated infections due to AMR organisms were 

projected to be $25,573, which was higher than the $15,625 for patients with 

infection caused by antimicrobially-sensitive strains. The differences were more 

apparent when compared with costs associated with treating patients without 

infections (Cosgrove, 2006). In the United States of America (USA), more than two 

million infections annually are caused by bacteria resistant at least to first-line 

antimicrobials (CDC, 2013). It is estimated that this costs the USA health care system 

about $20 billion dollars (Smith and Coast, 2013). 

Based on the ongoing escalation in AMR, it is projected to result in up to 10 million 

deaths annually by 2050, and to account for $100 trillion of lost total production of 

goods and services worldwide, unless action is taken (O’Neill, 2016). This number is 

higher than other common causes of death, as shown in Figure 1.3. 
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Figure 1.3: Prediction of AMR related deaths compared to other major causes in 
2050 (O’Neill, 2016) 

In 2017, the WHO, for the first time, identified a list of antimicrobial-resistant 

"priority pathogens". This included 12 families of bacteria that they identified as 

causing the greatest public threat. This list was produced by the WHO to address 

growing global resistance to antimicrobials and to act as a catalyst to encourage 

research and development into new antimicrobials. The list was sub-divided into 

critical, high and medium needs for new antimicrobials. The critical group includes 

MDR bacteria that has created a threat in nursing homes, hospitals, and among 

patients who need devices such as blood catheters and ventilators. This group of 

bacteria includes A. baumannii, Pseudomonas aeruginosa (P. aeruginosa), and 

Enterobacteriaceae (WHO, 2017b). Table 1.5 illustrates the WHO priority list of AMR 

organisms for which new antimicrobials are needed.  
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Table 1.5: WHO priority list of AMR organisms for which new antimicrobials are 
needed (WHO, 2017b) 

Priority 1: CRITICAL 
A. baumannii, carbapenem-resistant 
P. aeruginosa, carbapenem-resistant 
Enterobacteriaceae, carbapenem-resistant, ESBL-producing 

Priority 2: HIGH 
Enterococcus faecium, vancomycin-resistant 
S. aureus, methicillin-resistant, vancomycin-intermediate and resistant 
Helicobacter pylori, clarithromycin-resistant 
Campylobacter species, fluoroquinolone-resistant 
Salmonellae, fluoroquinolone-resistant 
Neisseria gonorrhoeae, cephalosporin-resistant, fluoroquinolone-resistant 

Priority 3: MEDIUM 
Streptococcus pneumoniae, penicillin-non-susceptible 
Haemophilus influenzae, ampicillin-resistant 
Shigella species, fluoroquinolone-resistant 

Key: A. baumannii: Acinetobacter baumannii; ESBL: Extended spectrum beta-lactamase; P. 
aeruginosa: Pseudomonas aeruginosa; S. aureus: Staphylococcus aureus. 
 

1.1.3.3 Mechanism of antimicrobial resistance 

AMR, promoted by the overuse of antimicrobials, may arise from different 

mechanisms of resistance. The resistance can occur in two ways: intrinsic or acquired. 

Intrinsic or passive resistance occurs naturally in pathogens who either do not have 

target sites for the antimicrobials, therefore, they resist their effects, or they have 

natural barriers that minimise exposure to the agents (Blair et al., 2015). An example 

of intrinsic resistance is seen with P. aeruginosa, where its low membrane 

permeability to many antimicrobials is a major mechanism for its resistance (Toma 

and Deyno, 2015; Munita and Arias, 2016). Other examples include the existence of 

genes providing resistance to self-produced antimicrobials, the outer membrane of 

gram-negative bacteria reducing permeability to antimicrobials, and the lack of 

uptake transport systems for antimicrobials and availability of export transport 

systems to keep antimicrobial levels low (Toma and Deyno, 2015).  
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Acquired or active resistance, the main mechanisms of AMR, are the result of a 

specific evolutionary pressure to develop a counter-offensive mechanism against a 

single antimicrobial or class of antimicrobials so that bacteria formerly sensitive to 

antimicrobials become resistant. This type of resistance in bacteria may be obtained 

by mutation in the bacterial genome or by the horizontal transport of resistance 

genes between species and strains (Toma and Deyno, 2015). An exchange of genes is 

likely to occur by conjugation, transduction or transformation (Figure 1.4). This type 

of resistance can occur in different ways (Langton et al., 2005; Toma and Deyno, 

2015): 

• Through an enzyme that inhibits the antimicrobial  

• The presence of a salvage pathway (alternative enzyme(s)) for an essential enzyme 

that is directly inactivated by the antimicrobial) 

• A mutation in the antimicrobial’s target that decreases the binding of the 

antimicrobial  

• Decreased uptake/increased efflux of the antimicrobial   

 

Figure 1.4: Bacterial gene exchange (CDC, 2019) 
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1.1.3.4 Causes of antimicrobial resistance 

Several factors may contribute to the emergence of AMR, with previous antimicrobial 

use playing a major role in this process. Evidence of this association has been 

examined in several studies (Muller et al., 2004; Polk et al., 2004; Goossens et al., 

2005; Aldeyab et al., 2012; Marchaim et al., 2012; McKinnell et al., 2012; Livermore 

et al., 2013). For example, studies have found that the prevalence of P. aeruginosa 

and Enterobacter species, that were resistant to antimicrobials, increased with the 

increasing use of them (Muller et al., 2004; Polk et al., 2004). Recent exposure to 

antimicrobials was identified as the only predictor that was associated with 

vancomycin-resistant Enterococci and carbapenem-resistant Enterobacteriaceae 

(Marchaim et al., 2012; McKinnell et al., 2012). On a wider scale, it is evident that 

AMR is associated with antimicrobial consumption as high rates of AMR are usually 

associated with countries that have high antimicrobial consumption (van de Sande-

Bruinsma et al., 2008; O’Neill, 2014).  

1.1.3.5 Other issues associated with antimicrobial use 

In addition to AMR, other drawbacks have been associated with antimicrobial use. It is 

evident that antimicrobial exposure frequently precedes Clostridioides (formerly 

Clostridium) difficile (C. difficile) infection, particularly antimicrobials known as the 4Cs 

(cephalosporins, co-amoxiclav, ciprofloxacin/fluoroquinolones and clindamycin) and 

broad-spectrum β-lactams, have been implicated (Rupnik et al., 2009; Hensgens et al., 

2012; Lawes et al., 2017). C. difficile is known as the leading cause of infective nosocomial 

diarrhoea worldwide and is associated with significant morbidity and mortality (Peery et 

al., 2012; Wiegand et al., 2012; Chitnis et al., 2013). In addition, C. difficile infection can 

increase the length of hospital stay which, in turn, leads to increased healthcare costs 

(Kyne et al., 2002). Moreover, C. difficile is a spore-forming organism that has the ability 
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to survive for a long period of time on inanimate surfaces where it can be easily spread 

amongst immunocompromised patients, leading to additional morbidity, mortality and 

healthcare expenses (Claro et al., 2014; Vindigni and Surawicz, 2015). 

1.1.4 Inappropriate antimicrobial prescribing in hospital settings 

It is estimated that between 25% to 50% of hospitalised patients receive 

antimicrobials, with between 30% to 50% of this antimicrobial use being 

inappropriate (Dellit et al., 2007; Tamma et al., 2014). The WHO defined appropriate 

antimicrobial use as: 

“The cost-effective use of antimicrobials which maximises their 

clinical therapeutic effect, while minimising both drug-related 

toxicity and the development of antimicrobial resistance.” (Stamm 

et al., 2001, p.15) 

In the literature, inappropriate antimicrobial prescribing has been described as being 

associated with the following: unnecessarily long treatment duration (Vaughn et al., 

2019; Krockow et al., 2020) and antimicrobials that have no medical indications, such 

as for viral infections (Landstedt et al., 2017). It can also manifest itself as the 

unnecessary prescribing of broad-spectrum antimicrobials where infections can be 

treated with narrow-spectrum antimicrobials (Spivak et al., 2016). 

1.1.5 Drivers for inappropriate antimicrobial prescribing in hospital settings 

Physicians often have a mindset that their primary and only responsibility is to the 

individual patient they are interacting with, rather than to an abstract anonymous 

system that is there to globally help all patients. Therefore, it is commonplace for 

physicians to prescribe antimicrobials for emotional rather than clinical reasons, 

despite realising that the antimicrobial is likely to be ineffective and with no regard 

for the potential harm inflicted on the wider population (McDonnell Norms Group, 

2008). Furthermore, physicians are challenged by antimicrobial prescribing when it 
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comes to considering effective management practices. The decision-making process 

becomes even more complicated when trying to decide the most suitable 

antimicrobial that is likely to work against a given infection in a specific patient 

(Niederman, 2003). Other factors, such as patient status, satisfaction, expectations, 

physicians’ attitudes and diagnostic challenges, have been associated with 

inappropriate antimicrobial prescribing (Teixeira Rodrigues et al., 2013; Gonzalez-

Gonzalez et al., 2015; Pinder et al., 2015; Teixeira Rodrigues et al., 2015; Teixeira 

Rodrigues et al., 2016). Understanding factors that affect physicians’ antimicrobial 

prescribing have been effective at changing inappropriate antimicrobial prescribing 

(Tonkin-Crine et al., 2015). An in-depth understanding of these factors is vital when 

it comes to implementing effective intervention and improving such prescribing. 

Qualitative research has been used to explore factors that influence physicians’ 

antimicrobial prescribing in hospital settings (Teixeira Rodrigues et al., 2013; Skodvin 

et al., 2015). A systematic review by Teixeira Rodrigues et al. (2013) showed that 

factors that influenced antimicrobial prescribing were grouped into intrinsic 

(physicians’ attitudes and socio-demographics factors) and extrinsic (health care 

systems, patients, the pharmaceutical companies, financial incentives and cost-

saving). However, in this systematic review, most of the studies were conducted in 

primary care settings, and only a minority were conducted in hospital settings. 

Factors that influence physicians’ antimicrobial prescribing in hospital settings may 

differ from those in primary care settings. Moreover, these factors may also differ 

between countries and different healthcare systems (Skodvin et al., 2015; Tarrant et 

al., 2021).  
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1.2 Strategies to improve antimicrobial prescribing 

1.2.1 Overview of antimicrobial stewardship programmes 

1.2.1.1 History of antimicrobial stewardship programmes 

Initially, “antimicrobial stewardship” was commonly used in the narrow context of 

programmes in individual hospitals (Kazanjian, 2016). The first prospective audit and 

feedback program was in the late 1970s and 1980s, at Hartford Hospital, Hartford, USA. 

This programme was formed by ID physicians and clinical pharmacists and included 

transitional therapy and streamlining (de-escalation; Briceland et al., 1988). Later, in the 

late 1990s, Fraser et al. (1997) conducted a randomised controlled trial (RCT) to evaluate 

a prospective audit and feedback programme. They found that this programme could 

reduce antimicrobial use without negatively impacting clinical outcomes (Fraser et al., 

1997). The success of this programme resulted in later adoption by other hospitals, 

showing that this strategy was viable (LaRocco, 2003). 

In 2007, the Society for Healthcare Epidemiology of America (SHEA) and the 

Infectious Diseases Society of America (IDSA) published guidelines for implementing 

an institutional programme to improve antimicrobial stewardship (Dellit et al., 2007). 

According to both societies, effective ASPs are evidence-based, can enhance patient 

care and can be economically self-supporting (Dellit et al., 2007). 

1.2.1.2 Definition of antimicrobial stewardship 

Antimicrobial stewardship has been defined by the SHEA, IDSA and the Paediatric 

Infectious Diseases Society as: 

 “Coordinated interventions designed to improve and measure the 

appropriate use of antibiotic agents by promoting the selection of 

the optimal [antibiotic] drug regimen, including dosing, duration of 

therapy, and route of administration.” (Fishman, 2012, p.323) 
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ASPs have many terms, including antimicrobial policies, antimicrobial control 

programmes, and other terms that refer to any programmes that inform 

antimicrobial use at a health care institute (MacDougall and Polk, 2005). 

They were established to improve antimicrobial prescribing practices. The primary 

goal was to enhance clinical outcomes while eliminating or reducing the unintended 

consequences of antimicrobial use (e.g., toxicity, the emergence of AMR; Dellit et al., 

2007; Malani et al., 2013; Davey et al., 2017). Reducing health care expenditure 

without negatively affecting the quality of care was a secondary goal of ASPs (Dellit 

et al., 2007). 

1.2.2 Core elements of hospital ASPs 

According to the CDC there are 7 elements of hospital ASPs. These are hospital 

leadership commitment, accountability, pharmacy expertise, action, tracking, 

reporting, education (Figure 1.5). 

Support from the hospital leadership is essential to the success of ASPs. Priority 

hospital Leadership Commitment included giving the leaders time to manage and 

operate the programme, providing resources to run the program successfully, 

conducting regular meetings with ASPs leaders to evaluate the needed resources to 

achieve the goals for improving appropriate antimicrobial use, Assigning a senior 

leader to as a point of contact or  for the ASP to ensure that the program has the 

needed support and resources, reporting ASP activities and outcomes  in a regular 

basis to the hospital board (CDC, 2019b). 

The ASP must assign a leader who is accountable for management of the programme 

and outcomes. Effective management, communication and leadership skills are 

important for the leader of a hospital ASP (CDC, 2019b). 
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Engagement of pharmacist as a leader of the program is a key for an effective ASPs. 

ID pharmacists are effective in improving appropriate antimicrobial use and usually 

help lead ASPs in hospitals (Yu et al.,2014; Bessesen et al., 2015). 

 Action includes several interventions to improve antimicrobial use. These 

interventions divided into priority and other. Priority interventions include 

preauthorisation, prospective audit and feedback and facility-specific treatment 

guidelines. Other interventions are categorised as pharmacy-based interventions, 

infection-based interventions, provider-based interventions, microbiology-based 

interventions and nursing-based interventions (CDC, 2019b). These interventions are 

reported in details in section 1.2.3. 

Tracking is key to identify opportunities for improvement and to assess the impact of 

interventions. Tacking include monitoring antimicrobial use, impact of stewardship 

interventions, and other outcomes such as AMR, C. difficile infection and financial 

impact (CDC, 2019b). 

ASPs should offer regular reports to leadership, physicians, pharmacists and nurses 

on antimicrobial use and resistance together with ASP work.  Information from 

antimicrobial use evaluations is a tool to encourage improved appropriate 

prescribing (CDC, 2019b). 

Education is a vital element of any programme aimed at improving antimicrobial 

prescribing behaviours (Dellit et al., 2007). Education could be delivered in different 

ways, including formal teaching, conference presentation, provision of written 

guidelines, email alerts and online learning (Girotti et al., 1990; Bantar et al., 2003; 

Belongia et al., 2005). The literature has shown that education without the 

integration of active intervention is only marginally effective in changing prescribing 

patterns for antimicrobials (Girotti et al., 1990; Bantar et al., 2003; Belongia et al., 
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2005; Dellit et al., 2007). Cisneros et al. (2014) showed that the implementation of 

education-based ASPs led to a significant improvement in antimicrobial prescribing 

practice and a reduction in inappropriate antimicrobial use despite no 

implementation of restrictive antimicrobial measures. However, this could be largely 

due to the high level of acceptance of the programme by the physicians (Cisneros et 

al., 2014). 

 

 

 

Figure 1.5: CDC core elements of hospital ASPs (CDC, 2019b). 
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1.2.3 Hospital inpatient stewardship interventions 

A wide range of interventions to improve antimicrobial prescribing in hospital 

inpatients have been attempted worldwide (Davey et al., 2017; Bertollo et al., 2018). 

Stewardship interventions are commonly classified according to the strategy with 

which they aim to affect antimicrobial use (Dellit et al., 2007). As identified by IDSA 

and SHEA guidelines, proactive programmes to promote antimicrobial stewardship 

include formulary restriction and preauthorisation, and prospective audit with 

intervention and feedback (Dellit et al., 2007). Other supplemental programmes 

involve education, guidelines and clinical pathways, antimicrobial order forms, de-

escalation of therapy, intravenous (IV) to oral switch therapy, and dose optimisation 

(Dellit et al., 2007). Many ASPs adopt mixed strategies. Thus, strict classification is 

not always possible (Fishman, 2006; Dellit et al., 2007). Previous reviews from the 

literature have used different classification categories (Owens et al., 2004; Paskovaty 

et al., 2005; Akpan et al., 2016; Davey et al., 2017). When choosing a programme or 

set of programmes to implement, it is important to consider the available resources, 

local culture and attitudes (Dellit et al., 2007). According to the CDC antimicrobial 

stewardship interventions are classified to priority interventions, pharmacy-based 

interventions, infection-based interventions, provider-based interventions, 

microbiology-based interventions and nursing-based interventions (CDC, 2019b). 

These interventions are discussed in details below. 

 

1.3.2.1 Priority interventions 

1.3.2.1.1 Preauthorisation  

Formulary restriction include limiting the use of certain antimicrobials to specific 

indications, length of therapy, or prescribers or patient population. This method 
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often includes preauthorisation for dispensing of restricted antimicrobial agent 

through assessment by an ID physician or clinical pharmacist (MacDougall and Polk, 

2005; Drew, 2009). From the literature, restricting antimicrobial use either through 

formulary restriction or preauthorisation have been widely implemented (Davey et 

al., 2017; Bertollo et al., 2018). This approach is considered to be the most effective 

method of achieving the aim of controlling antimicrobial use (Dellit et al., 2007; 

Altunsoy et al., 2011). Longitudinal studies implementing antimicrobial restrictions have 

shown significant reductions in antimicrobial use (Dellit et al., 2007). 

Moreover, formulary restriction and preauthorisation requirements have resulted in 

reductions in AMR (Quale et al., 1996; White et al., 1997; Bantar et al., 2003; Martin et 

al., 2005; Pakyz et al., 2009; Lewis et al., 2012; Abdallah et al., 2017). Pakyz et al. (2009) 

conducted a retrospective, multicentre study to evaluate the impact of carbapenem 

restriction on the use of carbapenems and the proportion of carbapenem-resistant P. 

aeruginosa from 2002 to 2006. In this study, hospitals that restricted the prescribing of 

carbapenems used significantly smaller volumes of them than those that did not 

(p=0.04). In addition, they reported lower incidence rates of carbapenem-resistant 

P. aeruginosa (p = 0.01) over the study period. Similarly, a retrospective study to 

compare carbapenem-resistant P. aeruginosa before and after three months of 

carbapenem restriction showed that the resistance of P. aeruginosa to meropenem and 

imipenem decreased significantly from 74.1% to 30% (P = 0.012) and from 76% to 38.5% 

(P = 0.019), respectively (Abdallah et al., 2017). 

The effectiveness of a preauthorisation programme depends on the education and skills 

of the authorised person who makes the recommendations (Dellit et al., 2007; Barlam et 

al., 2016). It has been found that the restriction of antimicrobial use through a 

preauthorisation requirement from an attending physician or chief resident had no 
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impact on its use (DeVito and John, 1985). In another study, recommendations from an 

antimicrobial team involving a pharmacist and an ID specialist led to an increase in 

antimicrobial appropriateness and improved economic outcome, compared to 

recommendations from ID colleagues (Gross et al., 2001). 

Interventions that restrict antimicrobial choice by requiring preauthorisation can 

have unintended consequences. Generally, there is some evidence that prescribers 

may view restrictions as a loss of autonomy, i.e., the capability for self-determination, 

which may create controversy and conflict between ID specialists and other clinical 

specialities (Garau, 2006; Drew et al., 2009). In a large academic medical centre, 50% 

of the staff felt that being forced to request approval was frustrating and limited their 

autonomy. Furthermore, approval by the antimicrobial team may create tensions 

where they are anxious to keep good relationships with other colleagues, which may 

in turn affect their approval practices (Seemungal and Bruno, 2012).  

Restricting the use of some antimicrobial agents may simply shift issues on to an 

alternative agent, a phenomenon known as “squeezing of the balloon” (MacDougall 

and Polk, 2005, Dellit et al., 2007). This phenomenon is exemplified in a study by 

Rahal et al. (1998) in which a preauthorisation policy for cephalosporin resulted in a 

decrease in cephalosporin use and a significant decrease in the incidence of the 

resistant Klebsiella infection. Concomitantly, imipenem use increased and there was 

an increase in the incidence of imipenem resistant P. aeruginosa. This untoward 

phenomenon may counteract the benefits of such a programme approach (Burke, 

1998). Accordingly, in institutions that use restriction to limit the use of some 

antimicrobials, it is important to monitor the overall trends in antimicrobial use to 

evaluate and respond to such shifts in it.  
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In addition to “squeezing the balloon” and staffing challenges, additional potential 

limitations surrounding prior authorisation and formulary restriction include delays 

in starting the antimicrobial therapy. Research has shown that such a strategy could 

delay the time of the first antimicrobial dose (LaRosa et al., 2007; Winters et al., 

2010). This drawback can be avoided by the allowance of a first dose during 24 to 72 

hours of therapy before any restriction is then applied. However, this may still result 

in unnecessary initiation and/or hinder considering de-escalation sooner.  

A concern with the preauthorisation approach is that it is considered to be labour 

intensive. This process requires skilled personnel to be available to provide 

immediate approval of the desired antimicrobials. However, integration of this 

practice into routine workflow can be challenging. Researchers have shown that 

prescribers tended to exaggerate the severity of patients’ illnesses to gain approval 

for the use of a restricted antimicrobial (Calfee et al., 2003; Linkin et al., 2006). In 

addition, in settings where after-hours availability of antimicrobials without 

preauthorisation is implemented, they avoid the restriction control by waiting until 

after hours to order these restricted antimicrobials (LaRosa et al., 2007). However, 

these limitations can be corrected by implementing programmes or interventions 

that consider these issues. 

1.2.2.1.2 Prospective audit with feedback  

Prospective audit with feedback involves the assessment of the appropriateness of 

antimicrobial therapy and making recommendations to the prescriber if the 

prescribed therapy is suboptimal (Dellit et al., 2007; Drew, 2009). This type of 

intervention is mainly a team-based approach to optimise patient therapy with a 

focus on both patient and hospital outcomes (Griffith et al., 2012). This usually occurs 

within 48-72 hours after the initiation of antimicrobial therapy, allowing for more 
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clinical and microbiological data to become available before revaluating the empiric 

therapy (Fraser et al., 1997; Chan et al., 2011; Yeo et al., 2012). It can also be initiated 

earlier, within 24 hours, to ensure the appropriate prescribing of empiric therapy 

(Tamma and Cosgrove, 2011). 

A number of studies reporting the impact of this strategy have been published and 

most of them measured the outcome using before and after study design (Hamilton 

et al., 2000; Carling et al., 2003; Feucht and Rice, 2003; Elligsen et al., 2015; Morrill 

et al., 2016). However, some RCTs have been reported (Fraser et al., 1997; Gums et 

al., 1999; Solomon et al., 2001).  

Studies have consistently reported decreased antimicrobial use, antimicrobial costs 

and /or duration of hospital stay (Fraser et al., 1997; Gums et al., 1999; Solomon et 

al., 2001; Elligsen et al., 2015; Morrill et al., 2016). Solomon et al. (2001) conducted 

an RCT in a large teaching hospital involving the implementation of an antimicrobial 

prescribing review and feedback to improve the appropriateness of broad-spectrum 

antimicrobial prescribing. In this study, the intervention group had prescribing 

reviewed by an antimicrobial stewardship team, which included either an ID 

physician or a pharmacist. A reduction of 37% in the duration of inappropriate 

antimicrobials compared with the control group was recorded (Solomon et al., 2001). 

Another study conducted in a teaching hospital to evaluate the impact of prospective 

audit and feedback showed that there was a trend towards decreased antimicrobial 

costs, length of stay (LOS) and adverse events (Morrill et al., 2016). In the study, the 

difference in overall antimicrobial use between the pre- and post-period was not 

significant; however, there was a significant decrease in the use of broad-spectrum 

antimicrobials, including carbapenems and piperacillin-tazobactam, during the post-

period. 
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A Study with longer evaluation period has reported an impact on AMR. Carling et al. 

(2003) performed a time series methodology comparing a three-year pre-

implementation period versus a seven-year post-implementation period. The 

programme involved a multidisciplinary team, including a clinical pharmacist and an 

ID physician, to review and provide feedback on broad-spectrum antimicrobial 

prescribing to physicians. This type of intervention led to a decrease in the use of 

third-generation cephalosporins and aztreonam, while the rate of fluroquinolones 

and imipenem use were stable over the study period. Rates of nosocomial infection 

caused by drug-resistant Enterobacteriaceae and C. difficile infections decreased 

compared with the pre-implementation period (Carling et al., 2003). 

Ohashi et al. (2019) evaluated the clinical outcome of prospective audit and feedback 

programme over a two-year period. Their programme was expanded from patients 

prescribed specific antimicrobials to those prescribed all IV antimicrobials.They found 

that the average days of therapy for IV antimicrobials was significantly shorter during 

the expansion period than during the pre-expansion period. Moreover, the ratio of 

Methicillin-resistant Staphylococcus aureus (MRSA) to Staphylococcus aureus (S. 

aureus) was significantly lower during the expansion period compared with the pre-

expansion period. 

A recent review that evaluated the evidence on the impact of prospective audit with 

feedback intervention on AMR stated that the evidence that this type of intervention 

may play a beneficial role in controlling AMR is lacking and there is a need to conduct 

a well-designed study to fill this gap in the literature (Chatzopoulou et al., 2020). 

From the literature, it is evident that post-prescription review improves antimicrobial 

use in specific settings, such as intensive care units (ICU; Elligsen et al., 2015), long-
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term facilities (Jump et al., 2012; Pate et al., 2012) and community hospitals with 

limited resources (Carling et al., 2003; LaRocco, 2003; Curcio, 2010; Yam et al., 2012). 

Prospective audit and feedback programmes have the advantage that prescribers do 

not perceive loss of autonomy as accepting recommendations from a stewardship 

team is optional (Heineman and Watt, 1986, Seto et al., 1996; Dellit et al., 2007). In 

addition, the feedback component of these programmes provides educational 

opportunities to prescribers, which may improve future prescribing. Figure 1.6 

illustrates the general workflow schematic for a prospective audit and feedback 

programme as well as a formulary restriction and preauthorisation programme for 

antimicrobial stewardship. 

 

Figure 1.6: General workflow schematic for a prospective audit and feedback 
programme as well as a formulary restriction and preauthorisation programme for 

antimicrobial stewardship (Chung et al., 2013). 
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3.2.1.3 Facility-specific treatment guidelines 

Guidelines are "statements that include recommendations, intended to optimize 

patient care, that are informed by a systematic review of evidence and an 

assessment of the benefits and harms of alternative care options" (Institute of 

Medicine, 2011). 

Clinical pathways are tools that are developed and used to guide healthcare 

decisions (Kinsman et al., 2010). Adherence to national guidelines is often poor 

because of their lack of local applicability (MacDougall and Polk, 2005). However, 

guideline implementation has been shown to improve antimicrobial prescribing use 

if the institutional formulary and local AMR pattern are taken into consideration 

(Dellit et al., 2007). These guidelines and clinical pathways should be implemented 

with multidisciplinary input from ID physicians, clinical pharmacists with ID 

backgrounds and clinical microbiologists. Guideline implementation has been 

shown to increase the likelihood of adequate initial antimicrobial therapy (Ibrahim 

et al., 2001; Hauck et al., 2004), enhance the use of narrow-spectrum antimicrobials 

(Marrie et al., 2000; Jenkins et al., 2011; Newman et al., 2012), and lead to shorter 

duration of therapy (Marrie et al., 2000; Ibrahim et al., 2001; Dellit et al., 2008; 

Jenkins et al., 2011; Carratalà et al., 2012) all without adversely affecting other 

clinical outcomes. 

1.3.2.2 Pharmacy-based Interventions 

Pharmacy-based interventions include documentation of antimicrobials indications, 

IV to oral switch therapy, dose adjustments and optimisation, duplicative therapy 

alerts, time-sensitive automatic stop orders and prevention and detection 

antimicrobial-related drug-drug interactions. Table 1.6 provides a summary of 

pharmacy-based interventions. 
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Table 1.6: Summary of pharmacy-based antimicrobial stewardship interventions. 
(Kollef, 2000, MacDougall and Polk, 2005; Dellit et al., 2007; Drew, 2009; Drew et al., 2009; 
Gilchrist and Geoghegan, 2018; CDC, 2019b) 

Strategy 
Documentation of antimicrobials indications 

• Can facilitate other interventions such as prospective audit and feedback 

IV to oral switch 
The switch from intravenous to oral therapy 

• May decrease hospital LOS and costs. 

• May reduce risk of complications associated with IV access.  

• May face difficulty in identifying patients in whom switching therapy is appropriate. 

Dose adjustment and optimisation 
The consideration of patients' characteristics, the site of infection, the causative 
organism and the pharmacodynamic and pharmacokinetic characteristics 

• Can reduce costs.  

• Decrease adverse effects. 

• Dosing in special populations may not always be available. 

Duplicative therapy alerts 
Alerts in situations where therapy might be unnecessarily duplicative including 
simultaneous use of multiple agents with overlapping spectra 

Time-sensitive automatic stop orders 
Stop orders useful for specified antibiotic prescriptions and indications, especially 
antibiotics administered for surgical prophylaxis 

Prevention and detection antimicrobial-related drug-drug interactions 

Key: AMR: antimicrobial resistance; IV: intravenous; LOS: length of stay 

1.3.2.3 Infection-based interventions 

Infection-based interventions include interventions to improve appropriate use in 

common infections such as lower respiratory tract infection, urinary tract infections 

(UTI) and SSTIs. Interventions focused on improving diagnostic accuracy, tailoring 

therapy to culture and sensitivity results, optimising duration of therapy and avoiding 

unnecessary broad-spectrum antimicrobials (CDC, 2019b). 

1.3.2.4 Provider-based interventions 

Provider-based interventions include antibiotic timeout and assessing penicillin 

allergy. Antibiotic timeout is a physician re-evaluation of the need of the continuation 

and choice of antimicrobials when more diagnostic data such as culture and 

sensitivity results is available. Assessing penicillin allergy and ensure the proper 
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assessment of the allergy should be considered as a part of the stewardship 

intervention (CDC, 2019b). 

1.3.2.5 Microbiology-based interventions 

Microbiology-based interventions include selective reporting of antimicrobial 

susceptibility testing results is tailoring susceptibility reports to provide only few 

antimicrobials, first-line and narrow-spectrum agents, that are recommended by the 

ASP or according to the hospital guidelines. Another intervention is providing 

comments in the microbiology reports that could help the physicians (i.e pathogens 

that might represent contamination or colonisation (CDC, 2019b).  

 

1.3.2.6 Nursing-based interventions 

Nursing- based interventions include optimising microbiology cultures through the 

use of proper techniques to obtain cultures, initiating discussion on IV to oral switch 

and promoting antibiotic timeouts (CDC, 2019b). 

Antimicrobial stewardship interventions are effective in improving appropriate 

antimicrobial prescribing. A systematic review of 221 studies to evaluate the safety 

and effectiveness of interventions to improve antimicrobial prescribing to hospital 

inpatients, found that antimicrobial stewardship interventions are effective in 

improving compliance with antimicrobial policies, reducing duration of antimicrobial 

therapy and it may reduce length of hospital stay without increasing mortality. 

Moreover, interventions were effective in safely reducing excessive antimicrobial use 

(Davey et al., 2017).  

Moreover, Antimicrobial stewardship interventions are effective in reducing the 

incidence of infections and colonisation with multidrug-resistant bacteria. In a 

systematic review of 32 studies to evaluate the impact of antimicrobial stewardship 
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on the incidence of infections and colonisation with antimicrobial-resistant bacteria 

in hospital inpatients indicated that ASPs decrease the incidence of C.difficile 

infections and infections and colonisation with antimicrobial-resistant bacteria, 

particularly carbapenem-resistant and ESBL-producing Gram-negative bacteria  (Baur 

et al., 2017). 

 

1.3 Research context  

1.3.1 Overview of Kingdom of Saudi Arabia 

The Kingdom of Saudi Arabia (KSA), the largest country in the Middle East, is spread 

over two million square kilometres (Figure 1.7). It is considered to be one of the 

wealthiest and fastest-growing countries in the Middle East (Almalki et al., 2011). 

According to the United Nations Development Programme (UNDP), the Human 

Development Index, which assesses progress in life expectancy, education and 

standard of living, ranks the KSA very highly (0.854), placing it at 38 out of 189 

countries (UNDP, 2020). 

The last official census in 2019 measured the population of the KSA to be 34.2 million, 

compared with 33.4 million in 2018 and registering a population growth rate of 2.4%. 

Saudi nationals comprise around 62.2 % of the total population, while 37.8% are non-

Saudi; 57.7% are males and 42.3% are females. Approximately 48.6% of the 

population is under the age of 30 years and 3.2% are over the age of 65 years (General 

Authority for Statistics [GASTAT], 2019). It is estimated that the population of the KSA 

will reach 39.8 million by 2025 and 54.7 million by 2050, which will increase the 

demand for essential services and facilities, including healthcare, while, at the same 

time, create economic opportunities (United Nations, 2003). 
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Figure 1.7: The map of the KSA (Country Reports, 2018) 

 

1.3.2 Saudi healthcare system background  

The healthcare system was established in the first quarter of the 20th century and it 

was called the Directorate of General Health and Ambulance (Mufti, 2000). Later, 

after the discovery of oil, significant changes in the health system occurred which led 

to the establishment of the Ministry of Health (MOH) in 1950 (Mufti, 2000). This is 

considered to be the real beginning of healthcare provision in the KSA. In the 1970s, 

a 5-year national development plan was implemented by the government to improve 

the healthcare system (Mufti, 2000; Almalki et al., 2011). Great expansion and the 

development of health facilities were evident during that period, including the 

initiation of primary healthcare, hospitals, research centres and the entire 

infrastructure (Mufti, 2000). Both the development of the healthcare system and the 

human resources led to promoting scholarships in the medical sciences and 

establishing medical science colleges (Albejaidi, 2010; Yusuf, 2014). Accordingly, the 

KSA is ranked 26th in the WHO’s measurement of overall healthcare system 

performance (Tandon et al., 2000). 



 

59 
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The health care system in the KSA is based on the principle of providing free 

healthcare services to all its citizens (Walston et al., 2008). The MOH is the major 

healthcare provider through hospitals and a network of primary healthcare centres 

that are distributed throughout the country. In addition, other governmental bodies 

provide healthcare services. These bodies are organised and are independent of the 

MOH in that they have their own budgetary allocations and supervise the 

administration of their facilities (Walston et al., 2008; Almalki et al., 2011). The 

private sector also provides healthcare services, predominantly in cities and large 

towns. All sectors should achieve the government’s health objectives. An overview of 

the structure of the health care system is provided in Figure 1.8. 

 
Figure 1.8: Structure of the health care system in the KSA (Almalki et al., 2011; MOH, 

2018). 
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1.3.4 King Saud University Medical City  

King Saud University Medical City (KSUMC) is a 1,800-bed tertiary care academic and 

referral medical city with long experience in multidisciplinary and multi-facility 

administration. There are eight centres and hospitals under KSUMC. These include a 

Cardiac Centre, Diabetes Centre, Oncology Centre, Ear Specialist Centre, the Family 

Medicine Centre, King Khalid University Hospital (KKUH), King Abdul-Aziz University 

Hospital and the Dental Hospital. KSUMC employs more than 1,300 physicians, 853 

fellows and residents and around 2,072 other health personnel who provide care for 

more than 1,229,628 outpatients, 45,966 inpatients and carry out around 14,231 

procedures annually (KSU, 2018). 

KKUH is a tertiary care facility that provides medical, surgical, intensive care, 

emergency, family medicine, dental, occupational health and home healthcare 

services. KKUH has an approximately 1,100-bed capacity spread across inpatients 

(939), ICU (104), the emergency room (64) and operation room (32) (KSUMC, 2018). 

KKUH serves all eligible paediatric (0-17 years) and adult (above 17) patients from the 

local population, providing them with inpatient and outpatient services. In addition, 

referrals from other KSUMC hospitals and centres and other KSA hospitals are 

received. In 2016 and 2017, KKUH served a total of around 47,000 inpatients and 

940,000 outpatients (KSUMC, 2018). 

The department of pharmacy at KKUH is responsible for providing and ensuring 

optimal pharmaceutical care to ambulatory care patients and inpatients. The 

pharmacy department includes ambulatory care, inpatient and emergency care 

services, an inventory management unit and a pharmacy support department 

(KSUMC, 2018). It also serves in an educational, evaluation and advisory capacity 

through the Pharmacy and Therapeutic Committee (PTC) to ensure the coordination, 
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development and review of all professional standards, policies and procedures 

related to all aspects of medication use. 

 

1.3.5 Antimicrobial resistance rates and surveillance in the Kingdom of Saudi Arabia 

The Intercontinental Marketing Service Health MIDAS® is a database that estimates 

global antimicrobial consumption from the volume of antimicrobials sold in retail and 

hospital pharmacies. Antimicrobial consumption is collected directly from 

manufacturers and indirectly from wholesalers, with the volume of consumption 

estimated in standard units; these are the number of doses sold by formulation 

presentation. Between 2000 and 2010, the antimicrobial consumption in 71 

countries, including the KSA, increased by 35% overall (from 52,057,163,835 standard 

units to 70,440,786,553 standard units; Van Boeckel et al., 2014). It was found that 

the consumption of carbapenems increased by 45% (Van Boeckel et al., 2014). A 

more recent study that analysed the trends of antimicrobial consumptions in 76 

countries from 2000 through to 2015 reported that antimicrobial consumption, 

expressed in DDD, increased by 65% (from 21.1 to 34.8 billion DDDs; Klein et al., 

2018). The findings from this study cannot be compared with the previously reported 

study (Van Boeckel et al., 2014) because the consumption data were not reported as 

DDD. However, in both studies, there was an underestimation of antimicrobial 

consumption by several countries as the audit did not cover the whole market. This 

is important from a KSA perspective, where only retail sales (50%) were included (Van 

Boeckel et al., 2014; Klein et al., 2018). Figure 1.9 illustrates consumption data of 

some antimicrobials from retail sales in the KSA. 
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Figure 1.9: Antimicrobial consumption data from retail sales in the KSA (The Center 

for Disease Dynamics Economics and Policy, 2020a). 

 

The KSA has several challenges that can promote the emergence and spread of MDR 

bacteria (Zowawi, 2016). For example, travel is a known risk factor for acquiring and 

transmitting AMR bacteria (Rogers et al., 2011; Ostholm-Balkhed et al., 2013) and the 

KSA experiences heavy international travel due to the large population of expatriate 

workers and the hosting of over nine million pilgrims and visitors throughout the year 

to the holy city of Mecca for Umrah and Hajj (Kapiszewski, 2006; Ostholm-Balkhed et 

al., 2013; Azeem et al., 2014; GASTAT, 2019). The adherence of healthcare providers 

to infection control practices and the lack of legislation covering the prudent and 

responsible use of antimicrobials are further challenges (Balkhy et al., 2016). Most 

hospitals have no established stewardship programmes, and community pharmacies 

frequently dispense antimicrobial agents with no prescription (Aly and Balkhy, 2012). 

AMR among Gram-negative bacteria is a global problem, including in the KSA, with 

major concerns regarding A. baumannii, P. aeruginosa, and Enterobacteriaceae. In 

the KSA, there has been an increase in the prevalence of extended-spectrum beta-

lactamase (ESBL)-producing isolates, where some institutions reported 53.8% ESBL 
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rates among Klebsiella pneumoniae (K. pneumoniae; Rahim and Mohamed, 2014), 

16.6%-23.1% ESBL rates among Escherichia coli (E. coli; Al Johani et al., 2010; 

Mashwal et al., 2017) and 16% ESBL rates among P. aeruginosa (Tawfik et al., 2012). 

A systematic review of MDR in gram-negative bacilli showed a significant increase in 

the rate of carbapenem-resistant gram-negative bacteria in the KSA over recent years 

in comparison to the rates of the 1990s (Zowawi et al., 2013). The first reported 

outbreak of carbapenem-resistant K. pneumoniae in the KSA was from 2009 to 2010 

(Balkhy et al., 2012). A multicentre study on gram-negative bacteria isolated from 24 

hospitals showed that 15.9% of P. aeruginosa isolates were resistant to imipenem 

(Memish et al., 2012). In a tertiary hospital in Riyadh, the rate of carbapenem 

susceptible P. aeruginosa isolates in the ICU declined from 66% in 2004 to 26% in 

2009 (Al Johani et al., 2010). A study conducted in KSUMC found that among 33 P. 

aeruginosa isolates, there was a high level of resistance to imipenem (90.9%) and 

meropenem (81.8%), with 39.4% being resistant to doripenem (Somily et al., 2012). 

Carbapenem-resistant A. baumannii has increased dramatically in the KSA over the 

years (Zowawi et al., 2013). A study conducted in Riyadh between 2004 and 2009 

showed that the susceptibilities of A. baumannii to imipenem decreased from 55% to 

10% and the susceptibilities of A. baumannii to meropenem decreased from 33% to 

10% (Al Johani et al., 2010). Similarly, a study conducted in Riyadh found that the 

susceptibilities of A. baumannii to meropenem and imipenem in 2006 were between 

64-81.2%; in 2009, they were between 34.5–45.3%, and in 2012 between 8.3-11% 

(Al-Obeid et al., 2015). A study conducted in KSUMC reported that most A. baumannii 

strains were resistant to meropenem (90.5%), imipenem (90.5%) and doripenem 

(77.4%; Somily et al., 2012). 
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Studies in the KSA have shown that gram-negative bacteria resistance to 

piperacillin/tazobactam is increasing (Ahmed, 2016; Youssif et al., 2018). Youssif et 

al. (2018) showed that from 2014 to 2015, P. aeruginosa sensitivity was reduced from 

71% to 67%, E. coli sensitivity from 69% to 66% and K. pneumoniae sensitivity from 

61% to 55%. 

The AMR in the KSA is not only limited to gram-negative bacteria, with AMR in gram-

positive bacteria also increasing. A Saudi national survey of AMR on gram-positive 

bacteria showed that 32% of S. aureus are meticillin-resistant and 33% of 

Streptococcus pneumoniae are resistant to penicillin G (Shibl et al., 2014). In a study 

conducted among 200 health care workers in KSUMC, S. aureus was colonised in the 

nasal cavity of 80 (40%), and 36 (18%) were MRSA (Al-Humaidan et al., 2015). 

1.3.6 Antimicrobial stewardship programmes in the Kingdom of Saudi Arabia 

In 2015, the World Health Assembly endorsed the Global Action Plan (GAP), which 

provides the structure for national action plans to tackle AMR. It described the key 

actions that the involved stakeholders should take, using an accumulative approach, 

over the next ten years (WHO, 2015). The plan aims to assure the continuation of 

successful therapy and prevention of ID with safe and effective drugs that are quality 

assured (WHO, 2015). To achieve this aim, the GAP determined five strategic 

objectives, as illustrated in Figure 1.10. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pseudomonas-aeruginosa
https://www.sciencedirect.com/topics/medicine-and-dentistry/klebsiella-pneumoniae
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Figure 1.10: The GAP five objectives (WHO, 2015) 

 

As a response to the GAP, many countries, including Australia (Australian Department 

of Health and Department of Agriculture, 2015), Canada (Public Health Agency of 

Canada, 2015), the United Kingdom (UK) (Department of Health, 2013) and the USA 

(The White House, 2015) initiated their own national action plans to combat AMR. In 

2017, the WHO published the KSA national action plan developed by the MOH to 

combat AMR (MOH, 2017b). This action plan was created in the line with the GAP’s 

five objectives (MOH, 2017a). It highlights the need for an effective “one health” 

approach involving human and veterinary medicine. To achieve the five objectives, a 

set of strategic activities were initiated, including improving the awareness of AMR 

and behavioural change, implementing antimicrobial stewardship and infection 

control programmes and studying both the pattern and the economic burden of AMR 

(MOH, 2017a). Since then, the national committee for the national action plan has 

been initiated involving all health sectors, including government agencies and private 

sectors (MOH, 2017b). In addition, sub-committees have been created, including the 

AMR awareness committee, antimicrobial use optimisation committee, laboratory 

Objective 

one

•Raise awareness and understanding of AMR through education, training and 
effective communication

Objective 

two 

•Strengthen the evidence base and knowledge through research and surveillance

Objective 

three

•Decrease the incidence of infection

Objective 

four

•Optimise antimicrobial use

Objective 

five

•Ensure sustainable investment in tackling AMR 
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surveillance committee, infection control committee and the AMR 

pharmacoeconomic studies and research committee (MOH, 2017b). There is no 

published national surveillance data on antimicrobial use. 

Initially, there was no structured national plan on laboratory surveillance of AMR in 

the KSA (MOH, 2017a). In 2015, a survey of MOH laboratories showed that 18 out of 

20 hospital laboratories reported antibiograms with the current Clinical and 

Laboratory Standards Institute reference (MOH, 2017a). Although reporting on an 

institutional level, there was no coordination between the institutions (MOH, 2017a). 

In 2017, the KSA was enrolled in the global AMR surveillance system (WHO, 2018b). 

Enani, (2016) conducted a study to describe the prevalence and characteristics of 

ASPs in Gulf Cooperation Council (GCC) countries, namely the KSA, Kuwait, the UAE, 

Qatar, Bahrain and Oman. A web-based survey was sent to these countries in 2015 

and there was a total of 44 responses from four countries as the following: the KSA 

(38/47, 81%), the UAE, Bahrain and Oman (6/47, 19%). Of the participating hospitals, 

the majority were tertiary care teaching hospitals and 29 (62 %) had an ASP. The top 

three objectives for the ASP were to decrease resistance (72.3%), enhance clinical 

outcomes (70.2%) and decrease costs (44.7%). Restriction and preauthorisation seem 

to be the core APS strategies practised in GCC countries. A noticeable finding from 

this study was the reported positive impact on both patients and hospitals after the 

initiation of their ASP. The impacts involved the reduction of inappropriate 

antimicrobial prescribing (68%), reduction of broad-spectrum antimicrobial use 

(63.8%), reduction of healthcare-associated infections (61.7%), reduction of length of 

hospital stay or mortality (59.6%), reduction in direct antimicrobial costs (57.4%) and 

reduction of reported AMR (55.3%). These results, however, may be an 

overestimation as 30-40% of the participants did not know the impact of their ASP. 
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Overall, these findings suggest a great opportunity for the implementation of a new 

ASP and the improvement of the existing ASPs through the sharing of best practices 

and assistance in the development of local guidelines across the GCC countries. 

Alghamdi et al. (2019) conducted a qualitative study to explore barriers to 

implementing antimicrobial stewardship programs in Saudi hospitals. They found 

that the implementation of these programmes is low due to several reasons 

including, lack of enforcement of guidelines and policies and guidelines from the 

hospital administration and MOH, poor communication, lack of health information 

technology, disintegration of teams, lack of training and education and shortage of 

antimicrobial stewardship team members.  

1.3.7 Situation of APS in King Saud University Medical City 

In September 2017, an antimicrobial utilisation and vaccine advisory (AUV) 

subcommittee was established under the PTC with the aim of supervising the 

antimicrobial utilisation delivered within KSUMC and supporting the PTC in the 

management of antimicrobials. The AUV committee members included an ID consultant, 

the chairman of the committee, a clinical pharmacist, the deputy chairman, an adult ID 

consultant, a paediatric ID consultant, a consultant from the infection control 

department, a microbiologist and an additional two clinical pharmacists. One of the 

objectives of the AUV committee was to initiate and improve antimicrobial stewardship. 

Table 1.7 illustrates the objectives of this committee. 

Initially, before the initiation of the AUV committee, there was no antimicrobial 

stewardship programme at KSUMC. In September 2017, after the initiation of the 

committee, the existing antimicrobial stewardship programme consisted of formulary 

restriction, dose optimisation and surgical prophylaxis guidelines. Plans to collate and 
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utilise antimicrobial use data have not progressed due to the Coronavirus disease of 2019 

(COVID-19) pandemic. 

Table 1.7: Objectives of the AUV committee at KSUMC 

1 To promote optimal antimicrobial therapy, prevent antimicrobial-related 
complications, evaluate the effectiveness of antimicrobial therapy, improve 
patient care and establish interdisciplinary consensus on antimicrobial use 
processes. 

2 To monitor antimicrobial drug therapy for appropriate indication, dosage 
form, regimen, route and drug-drug interactions. 

3 To organise educational activities for healthcare providers to improve 
antimicrobial utilisation. 

4 To collaborate with the microbiology laboratory to provide antimicrobial 
susceptibility data reports according to the clinical services and patient care 
units. 

5 To collaborate with other hospital clinical services and infection control to 
improve antimicrobial therapy practice. 

6 To evaluate new antimicrobials for formulary addition/deletion, and to 
recommend changing prescribing privileges and dosage forms based on an 
objective and evidence-based evaluation of their respective metrics, safety 
and cost. 

7 To monitor antimicrobial use restriction whenever deemed necessary to 
improve antimicrobial utilisation. 

8 To exercise certain measures to minimise the costs of antimicrobial therapy 
whenever possible. 

9 To initiate and continuously improve the antimicrobial stewardship 
programme. 

10 To review all antimicrobial formulary guidelines, order set, and clinical 
pathways as developed by the antimicrobial stewardship programme 
(members of the AUV subcommittee). 

11 The subcommittee shall review all clinical pathways or practice guidelines that 
include antimicrobial prescribing. 

12 To perform an annual review of the formulary of antimicrobials. 

13 The AUV subcommittee chair shall submit an annual written report to the chair 
of the PTC detailing the AUV subcommittee activities, policy and procedures 
on antimicrobial use and AMR. 

14 All actions or recommendations shall be submitted to the PTC for approval. 

15 Participate in prescribing a quality assurance programme and drug use 
evaluations to ensure the use of effective antimicrobials of adequate quality 
only when clinically indicated, in the correct dose and for the appropriate 
length of time. 
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1.4 Research rationale 

In the last decade, there has been a dramatic increase in the proportion of bacterial 

organisms resistant to several antimicrobial drugs. AMR is currently considered to be 

an emergent global disease and a major public health problem (WHO, 2017a). From 

the literature, the KSA shows a high prevalence of resistant and MDR bacteria, such 

as A. baumannii (Al Johani et al., 2010; Somily et al., 2012; Zowawi et al., 2013; 

Abdalhamid et al., 2014; Lakshmana Gowda et al., 2014; Al-Obeid et al., 2015; Elabd 

et al., 2015), ESBL-producing K. pneumoniae (Rahim and Mohamed, 2014), ESBL-

producing E. coli (Al Johani et al., 2010; Mashwal et al., 2017), ESBL-producing P. 

aeruginosa (Tawfik et al., 2012) and MRSA (Shibl et al., 2014). 

Pharmaceutical companies, meanwhile, find it difficult to keep up with the rising 

resistance for many reasons. Antimicrobials are normally administered for a limited 

duration, making them less profitable than drugs used to treat long-term conditions. In 

addition, newly approved drugs are immediately prescribed, while new antimicrobials 

are reserved and only prescribed for infections that are resistant to the established 

antimicrobials (Fair and Tor, 2014). 

Antimicrobial use is the most significant driver behind the development of AMR (Ventola, 

2015). A study conducted in the KSA showed that antimicrobials are the second most 

commonly used agents (AlKhamees et al., 2018). Several studies have demonstrated a 

correlation between antimicrobial use and the emergence of antimicrobial-resistant 

organisms at the community and hospital levels (Fishman, 2006; Bell et al., 2014). 

Infections caused by resistant bacteria may be difficult to treat or untreatable (Frieri et 

al., 2017). These infections can prolong patient hospitalisations, increase morbidity and 

mortality, and increase the healthcare cost (Cosgrove, 2006). Antimicrobial use has been 
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associated with other problems such as C. difficile infection, which increases mortality 

among hospitalised patients (Dial et al., 2008; Hensgens et al., 2012; Wenisch et al., 

2012). Increases in the prevalence of antimicrobial-resistant organisms in hospitals 

may be justified by the high selective pressure of unnecessary broad-spectrum 

antimicrobials in hospitalised patients (Zaha et al., 2020). One of the remaining 

strategies to combat AMR is the preservation of existing antimicrobials; specifically, 

measures that can prevent inappropriate antimicrobial prescribing (WHO, 2015). 

Thus, in hospital settings, it is important to identify surveillance data on antimicrobial 

utilisation (Zaha et al., 2020).  

Limited information is currently available in the literature about carbapenem and 

piperacillin/tazobactam prescribing in the KSA. Previous studies either included 

hospitalised patients in specific departments (Balkhy et al., 2018; Youssif et al., 2018; 

Alharthi et al., 2019; Huwait et al., 2019) or focused on narrow patient populations 

(Balkhy et al., 2019). 

On a local level, there is no published paper that quantifies antimicrobial use or 

describes the patterns of antimicrobial prescribing in KSUMC. To address this gap, 

there is a need to conduct an antimicrobial utilisation review. 

From the literature, qualitative studies have been conducted to identify the contextual 

factors that influence physicians’ antimicrobial prescribing in hospital settings. This 

method of study has been shown to be useful for understanding the subjective 

perceptions of physicians (Teixeira Rodrigues et al., 2013). In the KSA, no qualitative 

work has been reported to identify factors that influence physicians’ broad-spectrum 

antimicrobial prescribing in hospital settings. As mentioned in section 1.1.5, the 

factors influencing prescribers in the KSA may be different from those reported from 

other countries. This demonstrates the need to conduct a qualitative study to 



 

71 
 

understand factors that determine inappropriate prescribing which may be used to 

guide the implementation of successful interventions aimed at rationalising broad-

spectrum antimicrobial prescribing in the hospital setting. 

Linking this knowledge gap in broad-spectrum antimicrobial utilisation and factors 

influencing prescribing might assist in developing strategies to improve the local 

prescribing practice for broad-spectrum antimicrobials which may be directly 

applicable to supporting a deepened understanding of antimicrobial use, tailor 

evidence-based strategies and inform policies in antimicrobial prescribing and 

controlling AMR. 

1.5 Research methodological approach 

A research methodological approach is a plan for research that brings wide 

assumptions and hypotheses to comprehensive methods of data collection, analysis, 

and explanation (Creswell and Creswell, 2017). Research methodological approaches 

can be quantitative, qualitative or mixed methods. These approaches will be 

discussed in the following sections. 

1.5.1 Quantitative research  

Quantitative research is a method for examining objective hypotheses by testing the 

relationship between attributes. These attributes can be measured and quantified so 

that numerical data can be analysed by statistical measures (Creswell and Creswell, 

2017). In quantitative research, researchers seek to define and characterise current 

issues or situations and determine and explain relationships between variables 

(Creswell and Creswell, 2017). 

Drug utilisation research (DUR) can be defined as:  

“An eclectic collection of descriptive and analytic methods for the 

quantification, understanding and evaluation of the processes of 
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prescribing, dispensing, and consumption of medicines and for the 

testing of interventions to enhance the quality of these processes.” 

(Wettermark et al., 2016) 

Research into drug utilisation is considered a potential tool that can be used in 

assessing and evaluating a healthcare system (Meena and Jayanthi, 2019). The 

research can be conducted using either quantitative or qualitative study designs 

(LeLorier et al., 2003). Quantitative DUR can be descriptive or analytical. Descriptive 

DUR involves studies that are designed to quantify trends and the frequency of drug 

use. It includes collecting, organising and presenting the measurements or estimates 

of such use (Meena and Jayanthi, 2019). Analytical DUR includes studies that are 

designed to identify underlying implications about hypothesised relationships. These 

types of studies aim to achieve a greater in-depth understanding of the issues behind 

drug consumptions or prescribing patterns (Elseviers et al., 2016). 

Continuous data collection on antimicrobial use is not feasible due to the workload 

and resources needed.  An alternative method is to collect antimicrobial use data at 

a single point in time using the point prevalence survey (PPS; WHO, 2018f).  

PSS has many advantages including the ease of performance, the need for less 

resources and time and the possibility of quick data analysis. PPS on antimicrobial use 

have been widely used in hospital settings around the world and have been shown 

to be useful in informing and assessing stewardship activities (Pauwels et al.,2021b). 

This method reflects the level of resources in low- and middle-income countries 

where surveillance cannot be obtained, while maintaining comparison with 

consumption data from high-income countries (WHO, 2018f). 

PSSs look at a specific point in time therefore the results can be influenced by day-to-

day and seasonal variation in antimicrobial use. Moreover, the PPS does not collect 
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detailed information such as information about the duration of antimicrobial 

treatment and whether appropriate culture was obtained, where other study designs 

would be desired to obtain such information (WHO, 2013). 

The global PPS is an international collaboration which began in 2015, to provide key 

information about antimicrobial use and resistance in hospitals worldwide. This 

method provides standardised tool that it is can be applied to all types of hospitals 

and allow comparison of data at different levels; locally, nationally and 

internationally (Versporten et al., 2018). 

 

1.5.2 Qualitative research  

Qualitative research is a form of social investigation that focuses on how people view 

their experiences (Holloway, 1997). It has been defined in the following way: 

“Qualitative research begins with assumptions and the use of 

interpretive/theoretical frameworks that inform the study of 

research problems addressing the meaning an individual or groups 

ascribe to a social or human problem. To study this problem, 

qualitative researchers use an emerging qualitative approach to 

inquiry, the collection of data in a natural setting sensitive to the 

people and places under study, and data analysis that is both 

inductive and deductive and establishes patterns or themes. The 

final written report or presentation includes the voices of 

participants, the reflexivity of the researcher, a complex description 

and interpretation of the problem, and its contribution to the 

literature or a call for change.” (Creswell and Poth, 2016, p. 44)  

Qualitative research has many advantages. It generates detailed and in-depth 

explanations of participants’ experiences, opinions and feelings and allows the 

interpretation of the meanings of their own actions (Denzin, 2001). Moreover, it 

provides the ability to deal with sensitive or complex matters to formulate an 
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explorative or inductive hypothesis, rather than applying the results to a wider 

population (Bowling, 2014). Generally, qualitative research is considered ideally 

suitable for identifying the individual’s opinions and behaviour as it helps to recognise 

and answer the questions of “why” and “how” (Smith, 2002). 

1.5.2.1 Data collection in qualitative research 

In qualitative research, data can be obtained through interviews, focus group 

discussions and observations (Barbour, 2007). These approaches generate data 

actively from interactions with the study participants. Nevertheless, other techniques 

can include the investigation of documents such as video material or diaries (Barbour, 

2008). 

Interviews can be structured, semi-structured or unstructured. Structured interviews 

aim to gain answers to particular questions where all the participants are asked the 

same questions in the same way and there is no space for veering off the subject in 

question (Ryan et al., 2009). Semi- structured interviews provide a more flexible 

technique for the interviews. The use of open-ended questions allows for 

unanticipated responses and spontaneous issues to be raised and explored (Ryan et 

al., 2009). Unstructured interviews do not involve a specific question framework. 

During the unstructured interview, the researcher and participant have a 

conversation about a particular topic, the conversation being mainly led by the 

participant, where the direction of the interview follows the participant’s responses 

(Ryan et al., 2009).  

Interviews can be conducted face-to-face or by telephone. Face-to-face interviews 

are commonly used for data collection in qualitative research (Ryan et al., 2009). The 

advantage of face-to-face interviews is that the researcher can capture the 

participant’s non-verbal cues, which may lead to the achievement of a deeper 
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understanding of the data. Nonetheless, this approach may be considered to be time-

consuming and expensive (Opdenakker, 2006). Moreover, the presence of the 

researcher may have an influence on the participant’s responses (Opdenakker, 2006). 

Telephone interviews are less common in qualitative data collection. A low response 

rate or the absence of non- verbal cues could be of the reasons behind not 

considering them (Carr and Worth, 2001; Novick, 2008). However, besides being 

inexpensive and time-efficient, telephone interviews enable access to difficult-to-

reach participants such as those living in distant geographic regions or in situations 

of quarantine, like during the present COVID-19 pandemic. In addition, it may allow 

participants to disclose sensitive data (Sturges and Hanrahan, 2004; Opdenakker, 

2006) 

1.5.2.2 Sampling in qualitative research 

There are a number of sampling approaches in qualitative research, including 

convenience, theoretical, purposive, and snowball sampling. Convenience sampling 

is an approach where candidate selection is dependent on the basis of who is 

accessible and near at hand (Ritchie et al., 2014). Theoretical sampling is an approach 

in which sampling is guided by the theories that have emerged during the research 

process (Farrugia, 2019). Purposive sampling is where candidates are selected based 

on particular characteristics. Snowball sampling is a form of purposive sampling, 

where initial participants are asked to recommend other potential candidates 

(Farrugia, 2019).  

1.5.2.3 Qualitative data analysis 

Broadly, qualitative data can be analysed either deductively or inductively. Deductive 

analysis is an approach that analyses data using a predetermined structure or 

framework. This approach is suitable when researchers are aware of possible 
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participant responses (Burnard et al., 2008). Inductive analysis is an approach that 

analyses data with no or little predetermined framework, structure or theory and 

utilises the actual data to develop the framework of analysis. This approach is suitable 

when little is known about the research phenomenon (Burnard et al., 2008). There 

are many different approaches for qualitative data analysis. A brief explanation of 

some of the key qualitative analysis approaches is given below: 

• Narrative analysis is an analytical approach that aims to recognised and 

understand how individuals make sense of themselves through story telling 

(Sullivan and Forrester, 2019). 

• Grounded theory is a type of analysis that aims at building theory from the 

data of the participants (Sullivan and Forrester, 2019). 

• Phenomenographic analysis is an analytical approach where the data analysis 

and discussion are obtained from a second-order viewpoint that describes 

how the phenomenon was understood and viewed by the participants instead 

of how it was understood and viewed by the researcher (Larsson and 

Holmström, 2007). 

• Thematic analysis is a type of analysis that assists a researcher to find themes 

within a dataset to a specific research question (Braun and Clarke, 2006). 

Braun and Clarke (2006) identified a six-step guide for thematic analysis. 

These steps are illustrated in Figure 1.11. 
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Figure 1.11: Steps in thematic analysis (Braun and Clarke, 2006) 

 

1.5.2.4 Trustworthiness in qualitative research  

The trustworthiness or rigour of a piece of research refers to the level of confidence 

in the methodology, the collected data and its interpretation to ensure the quality of 

the study (Connelly, 2016). While there is a general agreement that trustworthiness 

is essential, there have been debates about what frames it (Leung, 2015). Lincoln and 

Guba (1985) identified four key components of trustworthiness: credibility, 

transferability, dependability and confirmability. They described these components 

as follows: 

Producing the report: Finally, transforming the analysis to an in understandable piece 
of writing through the use of compelling and vivid extract examples that relate to the 

themes, research aim and objectives and literature 

Naming and defining themes: Ongoing analysis to enhance the specifics of the 
identified themes, and the overall unified analysis story, creating names and 

definitions for each individual theme and subthemes

Revewing  themes: This step is completed over two stages, the first stage is checking 
the identified themes in regard to the coded extracts and the second stage is checking 

for the entire data set A thematic ‘map’ is created from this step

Searching for themes: Gathering codes into possible themes, collecting all data 
related to each possible individual theme

Generating initial codes: Identifying and coding preliminary codes which are the 
interesting and meaningful features of the data in a systematic manner across the 

whole data set, gathering data related to each code

Familarisation of data: Transcribing, reading trasnscription, writing down initial 
thoughts 
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• Credibility: Credibility is the confidence that the research findings are true, 

believable and credible (Lincoln and Guba, 1986). Credibility, similar to 

internal validity in quantitative research, is considered to be the most 

important component for trustworthiness (Connelly, 2016). Techniques to 

address credibility include prolonged engagement with research participants, 

persistent observation, data collection triangulation, member-checking to 

test the results and explanations from the research participants and peer 

debriefing to offer an external assessment on the research procedure, 

findings and interpretation (Lincoln and Guba, 1985). 

• Transferability: Transferability refers to the extent to which the findings can 

be generalised. It is similar to external validity in quantitative research. In 

qualitative research, it is about case-to-case transfer which includes the use 

of the study findings with an entirely different population or setting (Tobin 

and Begley, 2004). The researcher’s responsibility is to provide rich 

descriptions so that the reader can assess and judge if the study findings are 

transferable to their own situation (Lincoln and Guba, 1985). 

• Dependability: Dependability refers to the stability of the findings over time 

and over study conditions (Lincoln and Guba, 1985, Connelly, 2016). It is 

analogous to reliability in quantitative research. One technique to determine 

the dependability of a piece of research is to audit the process (Koch, 2006). 

• Confirmability: Confirmability, similar to neutrality or objectivity, is 

concerned with ensuring that the findings and interpretations clearly 

originate from the data, necessitating the researcher to explain how 

interpretations and conclusions have been achieved (Tobin and Begley, 2004). 
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1.5.3 Mixed method approach 

Mixed methods research can be defined as: 

“The class of research where the researcher mixes or combines 

quantitative and qualitative research techniques, methods, 

approaches, concepts or language into a single study. Mixed 

methods research also is an attempt to legitimate the use of 

multiple approaches in answering research questions, rather than 

restricting or constraining researchers’ choices (i.e., it rejects 

dogmatism). It is an expansive and creative form of research, not a 

limiting form of research. It is inclusive, pluralistic, and 

complementary, and it suggests that researchers take an eclectic 

approach to method selection and the thinking about and conduct 

of research.” (Johnson and Onwuegbuzie 2004, p. 17-18). 

A mixed method approach allows the researcher to view problems from different 

perspectives, which leads to a better understanding of research problems and 

delivers more complete evidence (Creswell and Creswell, 2017). Using this type of 

method is useful in some research areas, such as healthcare research, as the 

complexity of the phenomena requires data from a large number of perspectives 

(Sale et al., 2002). A mixed method approach provides strengths that overcome the 

inherent weaknesses of both quantitative and qualitative research, offset method 

biases that cannot be avoided and give insights not possible when an individual 

approach is used. Using a mixed methods approach in a single study is a widely used 

and accepted approach in many areas of health care and prescribing research (Sale 

et al. 2002).  
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1.6 Research questions 

1. What is the utilisation pattern of carbapenem and piperacillin/tazobactam for 

adult hospitalised patients? 

2. Is physicians' carbapenem and piperacillin/tazobactam prescribing practices for 

adult hospitalised patients appropriate? 

3. What is the association between appropriate prescribing and patients' length of 

hospitalisation? 

4. What are the factors that might affect physicians' broad-spectrum antimicrobial 

prescribing for adult hospitalised patients? 

5. What is the impact of the results of this thesis on practice and further research? 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

81 
 

1.7 Thesis aim and objectives  

1.7.1 Aim 

 
The aim of the thesis is to evaluate the utlisation of carbapenems 

(imipenem/cilastatin or meropenem) and piperacillin/tazobactam, to investigate 

physicians’ views, perceptions and experiences regarding broad-spectrum 

antimicrobial prescribing in a hospital setting and to develop recommendations  

 
1.7.2 Objectives 

 
1. To generate data on carbapenem and piperacillin/tazobactam utilisation 

pattern. 

2. To determine the appropriateness of carbapenem and 

piperacillin/tazobactam prescribing, based on the IDSA guidelines, and to 

identify reasons for their inappropriate use.  

3. To identify patient or prescription characteristics that are associated with 

inappropriate prescribing. 

4. To identify the association between appropriate prescribing and patients' 

length of hospitalisation. 

5. To explore physicians’ perceptions and views about broad-spectrum 

antimicrobials.  

6. To identify factors that influence physicians’ broad-spectrum antimicrobial 

prescribing for hospitalised patients. 

7. To identify barriers to appropriately prescribing broad-spectrum 

antimicrobials to hospitalised patients. 
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8. To obtain physicians’ recommendations to improve the appropriateness of 

broad-spectrum antimicrobial prescribing. 

9. To map themes to COM-B framework to support behaviour change to 

improve the appropriateness of broad-spectrum antimicrobial prescribing. 

10. To make recommendations for improved appropriate practices in KKUH and 

identify areas for further research on improving appropriate broad-spectrum 

antimicrobial prescribing practices. 

 

To achieve the research aim and objectives, this thesis adopted a mixed method 

approach. The mixed method approach applied in this thesis is known as the 

explanatory sequential approach, which implies the analysis of quantitative data 

followed by qualitative data within a single study (Creswell and Clark, 2017).  
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2. Chapter 2: Drug utilisation review of broad-spectrum 

antimicrobials prescribed for adult hospitalised patients in a tertiary 

care hospital 

Overview: This chapter comprises an introduction, the aim, objectives, methodology 

and results of this study on carbapenem and piperacillin/tazobactam prescribing in 

adult hospitalised patients, from a quantitative point of view using DUR as the 

methodological approach.  

2.1 Introduction 

In the last decade, there has been a substantial increase in bacterial organisms 

resistant to multiple antimicrobial drugs (WHO, 2017a). At present, the WHO 

considers AMR as a significant global public health crisis (WHO, 2017a). There is no 

reliable estimation of AMR cases worldwide, primarily due to inadequate surveillance 

(Toner et al., 2015). Limitations of any surveillance system or AMR research are those 

characteristics associated with the assumptions, design, methodology and data used 

that influence the explanation for and interpretation of the findings (WHO, 2018b). 

The development and implementation of a standard method for estimating AMR may 

generate a reliable estimate of AMR globally (Limmathurotsakul et al., 2019). Despite 

inadequate surveillance, some evidence suggests that the incidence is much higher 

in developing countries (Ayukekbong et al., 2017). As explained in section 1.1.3, the 

inappropriate use of broad-spectrum antimicrobials contributes to the emergence of 

AMR (Ventola, 2015). Several studies have demonstrated a correlation between 

antimicrobial use and the emergence of antimicrobial-resistant organisms in hospital 

settings (McKinnell et al., 2012; Livermore et al., 2013). Moreover, excessive 

antimicrobial use has been associated with superinfection and disease associated 
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with antimicrobial use, for example, C. difficile, both of which increase morbidity and 

mortality in hospitalised patients (Dial et al., 2008; Wenisch et al., 2012). 

Broad-spectrum antimicrobials, such as piperacillin/tazobactam, 

imipenem/cilastatin, and meropenem, have excellent activity against many gram-

positive, anaerobic and gram-negative organisms, including many MDR strains of P. 

aeruginosa and Enterobacteriaceae species (Perry and Markham, 1999; Wilson, 

2017). These antimicrobials are often considered the last resort in treating multi-

drug-resistant bacterial infections and have been classified by the WHO as critically 

essential antimicrobials since 2005 (WHO, 2018d). Evidence has shown that the 

disproportionate use of piperacillin/tazobactam has been associated with the 

isolation of piperacillin-tazobactam-resistant P. aeruginosa (Harris et al., 2002; Patel 

et al., 2008; Sonmezer et al., 2016). Furthermore, increased use of carbapenems has 

been linked to carbapenem-resistant P. aeruginosa, Enterobacteriaceae, and 

Acinetobacter species (Mladenovic-Antic et al., 2016; WHO, 2018d; Codjoe and 

Donkor, 2017). In Saudi Arabian hospital settings, studies have shown that the rates 

of carbapenem-resistant P. aeruginosa, A. baumannii, and ESBL-producing 

Enterobacteriaceae are generally high (Yezli et al., 2014; Zowawi, 2016). 

In KSA, data on antimicrobial utilisation patterns in hospital settings have been 

reported from PPS (Enani et al., 2018: Al Matar et al., 2019; Yaser et al., 2020). A point 

prevalence survey of antimicrobial use in 26 Saudi hospitals found that prevalence of 

antimicrobial prescribing was 46.9%. A total of 3240 antibiotic doses were 

administered and 2613 (80.6%) doses were administered parenterally. The most 

frequent prescribed antimicrobials were ceftriaxone 379 (11.6%), metronidazole 324 

(10%), carbapenem 266 (8.2%), cefuroxime 225 (6.9%) and piperacillin tazobactam 

210 (6.4%). The most common indication was respiratory tract infections 597 
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(18.2%). The rate of adherence to antimicrobial guidelines was 1558 (48.1%). The 

indications for antimicrobials were not recorded in the patients’ notes for 1818 

(51.1%) of the prescriptions (Al Matar et al., 2019). 

Another point prevalence survey was conducted in two hospitals in Madinah, Saudi 

Arabia in September 2016 and November 2016, during and after pilgrims stay, in 

Madinah. In this study, a total of 675 patients were included; among them, 332 

(49.18%) patients received antimicrobial therapy. In September 2016, 168 patients 

received antimicrobials, with a prevalence rate of 50.6 %, while, in November 2016, 

164 patients received antimicrobials, with a prevalence rate of 49.4 %. In September 

2016, the most commonly prescribed antimicrobials were piperacillin-tazobactam 45 

(17.6 %) followed by ceftriaxone 28 (10.95%) and in November 2016, the most 

commonly prescribed antimicrobials were ceftriaxone 39 (14.6%), followed by 

piperacillin-tazobactam 31 (11.6%) (Yaser et al., 2020). Enani et al. (2018) conducted 

a PPS in 2015 and 2017, in a tertiary care hospital. They found that the prevalence of 

antimicrobial prescribing in adults wards in 2015 and 2017 was 24.2% and 32.4%, 

respectively. The most commonly prescribed antimicrobials across the hospital in 

2015 and 2017 were β-lactams (59%) and (51.2%), respectively. In adult ICU, fourth 

generation cephalosporins was the most commonly prescribed in 2015 (40.9%), while 

carbapenems was the most commonly prescribed antimicrobials in 2017 (68.8%).  

Appropriate antimicrobial prescribing is essential to ensure that patients receive the 

optimal therapy to treat certain infection and to avoid unintended consequences of 

inappropriate antimicrobial use including the emergence of AMR, the risk of C. 

difficile infection and other adverse effects (Drew, 2009). Standardised definition of 

appropriate antimicrobial prescribing is lacking (Daryl et al., 2014). In the literature, 

studies have used a variety of definitions to evaluate appropriate antimicrobial 
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prescribing. Appropriate antimicrobial prescribing is defined as selection of an 

antimicrobial that has susceptibilities against the identified organism (Depestel et al., 

2014; Spivak et al., 2016). This definition of appropriate prescribing considered of the 

least subjective evaluation of appropriate antimicrobial therapy (Spivak et al., 2016). 

As this definition required obtaining culture, it excludes many infections lacking 

culture results. Obtaining culture before starting the antimicrobial therapy may be 

added to the definition of appropriate prescribing (Youssif et al., 2018). However, in 

some infections not obtaining culture could be for valid reasons such as in intra-

abdominal infections and mild pneumonia. Another definition of appropriateness is 

selection of an antimicrobial that is in agreement with the international or local 

guidelines (McCabe et al., 2009; Wathne et al., 2019). This definition is widely used 

to reduce subjectivity and provide a method to evaluate antimicrobial prescribing 

across hospitals that share similar guidelines (Spivak et al., 2016). Some studies have 

used the more subjective approach of expert opinion-based definition of appropriate 

antimicrobial prescribing (Schwartz et al., 2009; Drekonja et al., 2010; Akhloufi et al., 

2015). This approach expands from antimicrobial selection and assesses further 

measures or elements in the antimicrobial prescribing pathways (e.g., duration of 

antimicrobial therapy, diagnostic work-up). Nevertheless, besides being subjective, 

definition used usually lack details, leading to lack of reproducibility outside single 

institutions (Spivak et al., 2016). Assessment of appropriate antimicrobial prescribing 

in inpatient settings includes several steps or criteria, such as empirical, targeted or 

prophylactic antimicrobial choice (Goede et al., 2013; Casaroto et al., 2015; Ciccolini 

et al., 2015), obtaining culture (Youssif et al., 2018; Mekdad and AlSayed 2020), 

duration (Schwartz et al., 2009; James et al., 2015) and de-escalation (Schwartz et al., 

2009; James et al., 2015).  
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Evidence of the association between appropriate prescribing and AMR shows that 

reducing inappropriate utilisation of broad-spectrum antimicrobials can minimise the 

emergence of AMR (Drew, 2009). Studying antimicrobial utilisation can assist in 

developing strategies to improve the local prescribing practice for antimicrobials, 

help tailor evidence-based antimicrobial prescribing, develop antimicrobial 

prescribing policies and augment ASP to control AMR and improve patient outcome 

(Birkett et al., 2003).  

A study conducted by Robson et al. (2018) to assess the implementation of the 

Scottish antimicrobial prescribing group guidance and to examine its impact on the 

use of piperacillin/tazobactam and carbapenems. This guidance was developed to 

support clinicians in the management of gram-negative infections, decrease 

emergence of MDR-Gram negative bacilli and promote judicious use of broad-

spectrum antimicrobials. In this study, they found good compliance with local 

guidelines, particularly for carbapenem, lack of confidence in de-escalating treatment 

and decreased usage of piperacillin/tazobactam and carbapenems during the 

improvement programme period. The study showed how a multifaceted quality 

improvement programme can be used to optimise use of broad-spectrum 

antimicrobials. 

Part of this study was published (Appendix 1) and permission to include it in the thesis 

was obtained from the publisher (Appendix 2).
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2.2 Aim and objectives 

2.2.1 Aim:  

This research aims to evaluate the appropriateness of carbapenems 

imipenem/cilastatin or meropenem) and piperacillin/tazobactam prescribing in a 

hospital setting. 

2.2.2 Objectives: 

1. To generate data on carbapenem and piperacillin/tazobactam utilisation 

pattern. 

2. To determine the appropriateness of carbapenem and 

piperacillin/tazobactam prescribing, based on the IDSA guidelines, and to 

identify reasons for their inappropriate use.  

3. To identify patient or prescription characteristics that are associated with 

inappropriate prescribing. 

4. To identify the association between appropriate prescribing and patients' 

length of hospitalisation. 

2.3 Methodology 

2.3.1 Study design, data source and duration 

This study used a quantitative, observational, retrospective, cross-sectional, drug 

utilisation study that included adult patient data retrieved from a hospital 

information system called eSiHi (Electronic System for Integrated Health Information) 

covering a 24-month period, from 1 January 2016 to 31 December 2017. The study 

was conducted at KKUH, a 1,100-bed, tertiary care hospital.  

The rationale for choosing a retrospective drug utilisation study was that it is known 

for its efficiency in identifying and describing drug prescribing patterns and 
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appropriateness (Birkett et al., 2003). In addition, it aids in planning for interventions 

to improve inappropriate prescribing. Furthermore, it is quick, easy to conduct and 

carries little additional cost. However, the main drawbacks of this design are the 

limited number of variables and the source of error due to bias and confounding. 

Adhering to a well-structured design can avoid bias and confounding in this type of 

study (Shalini et al., 2010). 

2.3.2 Ethical consideration 

Patients were not identified by their names and all information was kept 

electronically secure in a password-protected personal computer with encrypted 

files. Ethical approval was obtained from the Institutional Review Board, King Saud 

University College of Medicine in February 2018 (Appendix 3). 

2.3.3 Study population 

The study included all adult hospitalised patients aged 18 years and older who 

received at least one dose of imipenem/cilastatin, meropenem or 

piperacillin/tazobactam for the period between 1 January 2016 and 31 December 

2017. 

2.3.4 Data extraction and cleansing 

2.3.4.1 Hospital information system 

The Health Information system is from Cerner company. It was implemented in May 

2015 and given the name ESiHi (Electronic System for Integrated Health Information). 

The system contains all solutions (i.e registration, scheduling, emergency, operation 

room, medical record, laboratory, pharmacy, inpatient, outpatient) 

Each patient has a unique medical record number (MRN), where the physician can 

access each patient electronic health record through this number and proceeds to 
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document the patient's progress notes, prescribe medicine and review laboratory 

results. Coding is according to international classification of diseases, 10th revision. 

2.3.4.2 Extraction process 

A list of patient information extracted from the hospital database can be found in 

Appendix 4. All data was retrieved by the IT department. Retrieved data were 

separated into several MS Excel® files: a basic file, a lab test file, a surgery file, a 

microbiology file, a readmission file, an all-medications file, a diagnosis file and an 

antimicrobial therapy file. Retrieved data was received in the form of code 

description.  To ensure that the retrieved data captured all the hospitalised patients 

on antimicrobial therapy, data for this therapy were retrieved for one day, and on the 

same day, the researcher went to the pharmacy and recorded the medical record 

numbers (MRN) for all the prepared antimicrobials. The list from the retrieved data 

was matched with the list from the prepared antimicrobials in the pharmacy. In 

addition, the retrieved data was assessed to ensure that the appropriate data were 

retrieved. The results of the pilot assessment allowed the extraction of more patient 

data where it was expected that surgery would be required with the diagnosis; 

however, these data were filed under a separate criterion. The retrieved data were 

reviewed and checked for any missing values or incomplete entries before data 

processing. No missing values or incomplete entries were identified. 

2.3.5 Data linking 

Each patient was linked to his/her antimicrobial therapy and microbiology data by 

matching the patient MRN using the Ultimate Suite for Excel®, a toolset to manage 

and rearrange data in Excel®. A sample of 100 patients was checked manually to 

ensure data accuracy. A new Excel® file was created and saved as the main file, which 

was used for recoding and analysis. 
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2.3.6 Computing and recoding variables 

Variables from the retrieved data were coded into categories (Appendix 5), as follows: 

1. Co-morbidities were coded into 15 categories: 

▪ Diabetes 
▪ Cardiovascular disease 
▪ Respiratory disease 
▪ Dyslipidemia 
▪ Psychiatric disorders 
▪ Musculoskeletal disorders 
▪ Hypertension 
▪ Haematological disorders 
▪ Gastrointestinal disease 
▪ Liver disease 
▪ Neurological disorders 
▪ Thyroid disorders 
▪ Cancer 
▪ Vitamin D deficiency 
▪ Kidney disease 
 

2. Patient locations were coded into new 13 location categories 

▪ Internal medicine 
▪ Cardiology  
▪ Surgical wards 
▪ Orthopaedics 
▪ Burns unit 
▪ ICU 
▪ Oncology/Haematology 
▪ Day surgery  
▪ Emergency department (ED) 
▪ High-dependency unit (HDU) 
▪ Long-stay unit  
▪ Neurology 
▪ Obstetrics and gynaecology (OBG) 

 
Details about the different locations under these categories can be found in Appendix 

6. 

2.3.7 Type and indication of antimicrobial therapy categories 

Carbapenems and piperacillin/tazobactam prescriptions were categorised according 

to the type of therapy into three main categories: empirical, targeted and 
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prophylactic. Empirical antimicrobial therapy was defined as an antimicrobial 

prescribed for a patient suspected to have an infection with unknown pathogen(s) 

before the availability of culture and susceptibility results. Targeted antimicrobial 

therapy was defined as antimicrobial therapy prescribed for a patient with an 

identified infection documented in culture and sensitivity results. Prophylactic 

antimicrobial therapy was defined as antimicrobial therapy prescribed for a patient 

to prevent an infection or for a patient undergoing a surgical procedure to avoid 

surgical site infections (Leekha et al., 2011). 

Indication for antimicrobial therapy was categorised into: 

▪ Community-acquired pneumonia (CAP) 
▪ Diabetic foot infection 
▪ Febrile neutropenia  
▪ Hospital-acquired pneumonia (HAP) 
▪ Intra-abdominal infection 
▪ Sepsis 
▪ SSTIs 
▪ Urinary tract infection (UTI) 
▪ Ventilator-associated pneumonia 
▪ Surgical prophylaxis 
▪ Prophylaxis 
▪ Spontaneous bacterial peritonitis  
▪ Bone and joint infection 
▪ Genital tract infection 
▪ Ear, nose and throat infection 
▪ Meningitis 
▪ Endocarditis 

 

2.3.8 Appropriateness of carbapenems and piperacillin/tazobactam prescriptions 

2.3.8.1 Process of assessing antimicrobial therapy  

For each prescription, indication, dose and duration of antimicrobial therapy, culture 

and susceptibility results and concomitant antimicrobial were reviewed to identify 

whether antimicrobial therapy was empiric, targeted or prophylactic and to assess its 

appropriateness. The appropriateness of antimicrobial therapy was evaluated 
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according to the IDSA guidelines. The IDSA guidelines were chosen through 

consensus with two local clinical pharmacists since these guidelines are commonly 

used in clinical practice in KSA. In some indications the guideline indicated several 

treatment options and suggested to refer to the local antibiogram (Appendix 7). For 

these indications, a discussion with the clinical pharmacist were made for more 

clarification. The microbiological findings for each patient were also considered. 

Several meetings with the clinical pharmacist to resolved unclear issues and there 

was no involvement of clinical microbiologist.  

If the type of antimicrobial use was empiric therapy, all the cases were reviewed to 

identify if a microbiology culture had been requested. If a microbiology culture had 

been requested, the case was reviewed for the follow-up of antimicrobial 

discontinuation if no microorganisms had been isolated, escalation if the 

microbiology results showed that the organism was not susceptible/resistant, or de-

escalation if the microbiology results showed sensitivity to a narrow-spectrum 

antimicrobial. De-escalation refers to changing an empiric broad-spectrum 

antimicrobial regimen to a narrower antimicrobial regimen by changing the 

antimicrobial agent or changing from combination therapy to monotherapy (Dellit et 

al., 2007). 

If the indication for treatment was targeted therapy and the antimicrobial was not 

used initially as empiric therapy, the culture and susceptibility results were reviewed 

to check whether the targeted therapy was based on susceptibility data where the 

organism was not susceptible to a narrow-spectrum antimicrobial (IDSA, 2018).  

If the type of antimicrobial use was prophylaxis, the indication was checked if it was 

according to the guideline. 
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The process of assessing antimicrobial therapy for each prescription is illustrated in 

Figure 2.1. Some patients had more than one admission during the study period. In 

addition, some patients may have been prescribed more than one antimicrobial, or 

the same antimicrobial but at different times during the same admission period. Each 

antimicrobial prescription was assessed independently, according to its 

appropriateness. 

 
Figure 2.1: Process of assessing antimicrobial therapy for each prescription 

2.3.8.1 Criteria to determine the appropriateness of carbapenem and piperacillin-

tazobactam 

In this study, appropriateness is defined as any prescription that is according to the 

guideline or culture and sensitivity results. Some criteria were not included such as 

duration of therapy. It is difficult to assess the appropriateness of duration of therapy, 

because antimicrobial therapy should be tailored to each patient and the duration is 

dictated by the clinical course. This could be better assessed during the time of the 

time of clinical decision-making rather than retrospectively. 
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The appropriateness of carbapenem and piperacillin/tazobactam therapy was based 

on the following criteria: 

1. Empirical therapy with carbapenem or piperacillin/tazobactam was assessed 

at two levels: 

• Initial choice, according to the IDSA guideline. The indication for empiric 

therapy according to the IDSA guideline can be found in Appendix 8. 

• Re-evaluation of the antimicrobial therapy after culture and sensitivity 

results. 

2. Targeted therapy according to the IDSA guideline and culture and 

susceptibility results. 

3. Prophylactic therapy according to IDSA guideline.  

Some patients died or were discharged before the culture results were obtained. In 

such cases, the result was categorised under patient died before the culture results 

were obtained and it was excluded from the analysis. 

2.3.8.2 Reasons for inappropriateness 

Reasons for inappropriateness were defined after determining the appropriateness 

criteria. Some antimicrobial prescriptions had more than one reason for 

inappropriateness. Table 2.1 illustrates the definition of each reason for the 

inappropriateness of antimicrobial therapy. 
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Table 2.1: Reasons for inappropriateness of antimicrobial therapy  
Reason  Definition  Example  

Spectrum too broad The guideline indicated the 
use of a narrower spectrum 
antimicrobial  

Prescribe 
piperacillin/tazobactam or 
carbapenem for 
uncomplicated CAP  
Use of  

No culture request Patient was prescribed 
antimicrobial and there was 
no microbiology request 

Started on 
piperacillin/tazobactam for 
UTI and no culture were 
requested 

Failure to de-escalate The culture and susceptibility 
results indicated susceptibility 
to a narrow-spectrum 
antimicrobial but there was no 
de-escalation  

Continued use of 
carbapenem started 
empirically although 
culture results indicated 
susceptibility to 
ceftriaxone 

Known allergy to the 
prescribed antimicrobial 

Patient had a known allergy to 
the prescribed antimicrobial 

piperacillin/tazobactam 
allergy was mentioned 
however, patient was 
prescribed 
piperacillin/tazobactam 

Microbiology indicates 
resistance to the current 
treatment 

Continuation of antimicrobial 
prescribing despite 
microbiology results indicating 
resistance 

piperacillin/tazobactam 
was continued despite the 
microbiological results 
showing that the 
pathogens were resistant 
to piperacillin/tazobactam  

 

2.3.9 Study outcomes 

The primary outcomes were the number of carbapenem and piperacillin/tazobactam 

prescriptions in hospitalised adult patients, empiric targeted and prophylactic, 

expressed as the number and percentage prescriptions and DDD per 100 bed-days.   

Secondary outcomes were the appropriateness of these prescriptions, expressed as 

the percentage of antimicrobial prescriptions that were prescribed according to the 

IDSA guideline, the factors that may be associated with inappropriate prescribing and 

the association between appropriate prescribing and LOS. 

 

2.3.9 Statistical analysis 

The Shapiro-Wilk test of normality was carried out on all data to verify the fit to a 

normal distribution (age, weight, hight, BMI and LOS). Descriptive statistics, including 



 

97 
 

means, standard deviations (SD), medians, range, frequencies and percentages were 

performed. Mean and SD were used as parametric data, median and range were used 

as non-parametric data. Carbapenem and piperacillin/tazobactam consumption was 

reported as a number and percentage of prescriptions. In addition, the DDD was used 

to report carbapenem and piperacillin/tazobactam use (WHO, 2020). To define the 

antimicrobial consumption rate in an inpatient setting, it is suggested that DDD be 

expressed per 100 bed-days. Therefore, the antimicrobial consumption rate was 

expressed as DDD per 100 bed-days (Birkett et al., 2003). Bed-days were obtained 

from the hospital records and the days of admission and of discharge were each 

counted as one day. The calculations are explained in Appendix 9.  

To assess whether there was an association between any independent factors (age, 

gender, patient location (ICU versus non-ICU), Co-morbidities, Reason for 

antimicrobial therapy) and inappropriate antimicrobial prescribing, the percentage 

with inappropriate prescribing in the reference category was subtracted from the 

percentage in the exposed category to obtain the percentage risk difference.  

The odd ratio which is the measure of association between exposure and an outcome 

(Szumila, 2010) was also calculated. Confidence intervals (CI) were calculated using 

the normal approximation to the binomial distribution. An explanation of the CI 

calculation is provided in Appendix 10. 

As the distribution for LOS was skewed, data were described using medians and 

interquartile ranges [IQR]. As some patients had more than one prescription per 

admission, if any of the prescriptions were inappropriate all prescriptions were 

considered inappropriate. 

The Mann-Whitney U test was used to study the association between appropriate 

prescribing and LOS. The median differences and CIs were calculated using the 
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quantile regression model (Koenker, 2005). Quantile regression is a type of regression 

that estimates the conditional median of the outcome variable and is used when the 

assumptions of linear regression do not meet. Sex, age, location (ICU or non-ICU), and 

number of co-morbidities and infection type (respiratory, urinary tract, 

gastrointestinal, skin and soft tissue, bone and joint and others) were assessed as 

adjustment variables. As death prevents discharge, so the LOS estimates are 

interpreted differently for those who died; we looked at appropriateness separately 

in those who did not die. 

Two sensitivity analyses were conducted. The first analysis was to compare the LOS 

between appropriate and inappropriate prescribing among only those patients who 

received only one antimicrobial per admission, and the second analysis was to 

compare the LOS between appropriate and inappropriate prescribing among only 

those patients who had HAP. Analysis of patients who received only one antimicrobial 

per admission in following the hypothesis that for patient who had more than one 

prescription during the same admission, considering the overall prescription 

inappropriate if any prescription was inappropriate may have an influence on the 

results. Analysis of HAP cases were conducted in following the hypothesis that patient 

having HAP maybe more likely to stay longer in hospital. All data were analysed using 

IBM SPSS Statistics for Windows, version 24.0 (Armonk, NY: IBM Corp, 2016). 

2.4 Results 

The first part of the results section presents the patients’ demographic information. 

The results regarding antimicrobial therapy include duration, doses and frequencies, 

indication, type of indication and prescribers' specialities. Overall antimicrobial 

appropriateness, reasons for inappropriateness, appropriateness according to the 

indication and to the prescriber speciality are also presented. Finally, the 
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appropriateness of antimicrobial therapy for pre-defined subgroups of patients and 

prescriptions and the association between appropriate prescribing and patients' 

length of hospitalisation are presented. 

2.4.1 Patient demographics 

A total of 2,871 patients received 5,250 courses of antimicrobial treatment with at 

least one of the studied broad-spectrum antimicrobials across 3,671 patient 

admissions over a two-year period. Six hundred and sixty-eight (23.2%) patients were 

prescribed two courses of antimicrobials, and 1,219 (42.5%) patients were prescribed 

more than two courses. One hundred and forty patients who received 245 (4.7%) 

courses of antimicrobials during 167 visits were excluded from the assessment due 

to a lack of documentation of the diagnosis. The mean age of the patients was 55.5 

years (SD= ±20.3, range 18-108 years), and 1,389 (50.9%) were male. During the study 

period, 377 (13.8%) patients died, and 885 (32.4%) had surgery. The demographic 

characteristics of the patients are presented in Table 2.2. 
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Table 2.2: Demographic characteristics of all adult patients prescribed 
imipenem/cilastatin, meropenem, or piperacillin/tazobactam during the study 
period 

Variables Characteristics N (%) 

Age (years) Mean± SD  55.5±20.3 

Weight (kg) 81.23±26.8 

Height (cm) 163.63±29.9 

BMI (kg/m2)  30.82±10.9 

Length of stay  Median (IQR) 14 (7-29) 

Sex:  
 

Male 
Female 

1389 (50.9%) 
1342 (49.1%) 

Allergy status:  
  

Documented drug allergy  
Documented antimicrobial 
allergy 

91 (3.3%) 
48 (1.8%) 

Co-morbidities:  
 

Diabetes mellitus 
Hypertension 
Cardiovascular disease 
Dyslipidaemia 
Cancer 
Kidney disease  
Haematological disorder 
Respiratory disease 
Neurological disorders  
Gastrointestinal disease 
Psychiatric disorder 
Musculoskeletal disorder 
Vitamin D deficiency 
Thyroid disorder 
Liver disease 

1079 (39.5%) 
767 (28.1%) 
702 (25.7%) 
526 (19.3%) 
510 (18.7%) 
365 (13.4%) 
359 (13.1%) 
355 (13%) 

303 (11.1%) 
232 (8.5%) 
226 (8.3%) 
220 (8.1%) 
215 (7.9%) 
178 (6.5%) 
154 (5.6%) 

Surgery   885 (32.4%) 

In-hospital mortality 377 (13.8%) 
 

2.4.2 Antimicrobial use 

A total of 5,005 of the studied antimicrobials were prescribed. 

Piperacillin/tazobactam was the most frequently prescribed antimicrobial compared 

to imipenem/cilastatin and meropenem. The most prescribed 

piperacillin/tazobactam regimens were 4.5 g every 6 hours, 4.5 g every 8 hours and 

2.25 g every 6 hours. Table 2.3 illustrates the duration, dose, frequency and median 

duration of treatment for imipenem/cilastatin, meropenem and 

piperacillin/tazobactam. 
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Overall, on 4,106 (82%) occasions, antimicrobials were prescribed as empiric therapy, 

757 (15.2%) as targeted therapy after a pathogen had been identified in a clinical 

specimen, and 142 (2.8%) as prophylactic therapy. Table 2.4 shows the types of 

prescriptions for imipenem/cilastatin, meropenem and piperacillin/tazobactam. 

Table 2.3: Duration, dose, frequency and median duration of treatment for 
Imipenem/cilastatin, meropenem and piperacillin/tazobactam 

Antimicrobial therapy Median duration of 
treatment (range) 

Dose and 
frequency 

N 

Imipenem/cilastatin 
(n=776) 
15.5% 
 

7 (1-53) 1000 mg Q6 9 

1000 mg Q8 18 

1000 mg Q12 2 

500 mg Q4 1 

500 mg Q6 381 

500 mg Q8 133 

500 mg Q12 40 

500 mg Q24 1 

250 mg Q6 38 

250 mg Q8 77 

250 mg Q12 76 

Meropenem 
(n=1021) 
20.4% 
 

7 (1-64) 2000mg Q6 4 

2000mg Q8 45 

2000mg Q12 3 

1000 mg Q6 27 

1000 mg Q8 475 

1000 mg Q12 261 

1000 mg Q24 7 

500 mg Q6 10 

500 mg Q8 37 

500 mg Q12 89 

500 mg Q24 58 

250 mg Q12 1 

250 mg Q12 3 

250 mg Q24 1 

Piperacillin/tazobactam 
(n =3208) 
64.1% 

7 (1-48) 4.5 g Q6 1366 

4.5 g Q8 653 

4.5 g Q12 1 

3.375 g Q6 266 

3.375 g Q8 68 

3.375 g Q24 1 

2.25 g Q6 526 

2.25 g Q8 305 

2.25 g Q12 19 

2.25 g Q24 1 

1.5 g Q6 1 

1.5 g Q12 1 

Key: g: gram; mg: milligram; Q24: every 24 hours; Q12: every 12 hours; Q8: every 8 hours; 
Q6: every 6 hours; Q4: every 4 hours. 
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Table 2.4: Type of prescriptions for Imipenem/cilastatin, meropenem and 
piperacillin/tazobactam 

Variable  Antimicrobial agent 

Imipenem/cilastatin Meropenem Piperacillin/ 
tazobactam 

Total courses (n) 776 1021 3208 

Total antimicrobial use (DDD) 5045.87 6492.25 15594.99 

DDD per 100 bed-days 4.93 6.34 15.24 

Type of prescriptions 

Empiric  476 (61.3%) 708 (69.3%) 2922 (91.1%) 

Targeted  294 (38%) 292 (28.6%) 171 (5.3%) 

Prophylaxis  6 (0.7%) 21 (2.1%) 115 (3.6%) 

 

As illustrated in Figure 2.2, there was variability in the trend of the studied 

antimicrobial consumption during the study. It reached maximum in the last quarter 

of 2017 and minimum during the third quarter of 2016. The consumption of the 

studied antimicrobial during the second and third quarters of 2017 was very similar. 

Figure 2.3 illustrate the trends of Piperacillin/tazobactam, meropenem and 

imipenem/cilastatin consumption expressed as number of prescriptions. 

The highest proportion of prescriptions were written for the patients treated in a 

medical ward (52%), followed by surgical wards (23.4 %), the ICU (15.3 %), and the 

ED (2.2%). Figure 2.4 illustrates the prescription distribution over the whole study 

period. Empiric and targeted therapy were the most common indications in the 

internal medicine wards, while prophylaxis therapy was most commonly prescribed 

in the surgical wards. Table 2.5 illustrates the numbers and percentages of 

antimicrobial prescriptions stratified by hospital wards. 
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Figure 2.2: Trends of Piperacillin/tazobactam, meropenem and 

imipenem/cilastatin consumption, 2016-2017 (DDD per 100 bed-days) 

 

 

Figure 2.3: Trends of Piperacillin/tazobactam, meropenem and 

imipenem/cilastatin consumption, 2016-2017 (Number of prescriptions) 
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Figure 2.4: Prescriptions distribution over the whole study period 

Table 2.5: Numbers and percentages of antimicrobial prescriptions stratified by 
hospital wards: Empiric, Targeted and Prophylaxis 

Type of 
indication 

Internal 
medicine 

Surgical 
wards 

ICU ED Others Total 

Empiric 2265 
(55.2%) 

851 
(20.7%) 

611 
(14.9%) 

96 
(2.3%) 

283 (6.9%) 4106 

Targeted 328 (43.3%) 225 
(29.7%) 

135 
(17.8%) 

11 
(1.5%) 

58 (7.7%) 757 

Prophylaxis 12 (8.5%) 94 
(66.2%) 

21 
(14.8%) 

1 (0.7%) 14 (9.8%) 142 

Key: ICU: Intensive care unit; ED: Emergency department. 
 

Pneumonia (26.6%) was the most common indication for initiation of antimicrobial 

therapy, followed by sepsis (24.9%), UTIs (17.3%), SSTIs (14.8%), intra-abdominal 

infections (8.6%) and febrile neutropenia (4%). Table 2.6 summarises the main 

indications for imipenem/cilastatin, meropenem and piperacillin/tazobactam. 

Medical residents prescribed the majority of antimicrobial therapy (64.7%), followed 

by internal medicine specialists (17%) and ICU specialists (11%). Table 2.7 illustrates 

the percentage of antimicrobials prescribed by different specialists. Culture and 

sensitivity tests were ordered on 3,934 (78.6%) occasions before prescribing 

antimicrobials; 3,177 (63.5%) were before initiating empiric antimicrobial therapy.  
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Table 2.6: Indications of antimicrobial therapy  

Indication Number 
N=5005 

Imipenem/ 
cilastatin 

n=776 

Meropenem 
n=1021 

Piperacillin/ 
tazobactam 

n=3208 

Febrile neutropenia 199 21 (2.7 %) 27 (2.6%) 151 (4.7%) 

Gynaecological infection 5 0 (0%) 0 (0%) 5 (0.2%) 

Intra-abdominal infection 431 54 (7%) 53 (5.2 %) 324 (10.1%) 

Meningitis 8 0 (0%) 3 (0.2 %) 5 (0.2%) 

Osteomyelitis 25 5 (0.6%) 9 (0.9 %) 11 (0.3%) 

Pneumonia 1333 122 (15.7%) 203 (19.8%) 1008 (31.4%) 

Sepsis 1248 257 (33.1%) 359 (35.2%) 632 (19.7%) 

Skin and soft tissue 
infection 

743 130 (16.8%) 130 (12.7 %) 483 (15.1%) 

Urinary tract infection 864 181 (23.3%) 213 (20.9%) 470 (14.7%) 
aOther 7 0 (0 %) 3 (0.3 %) 4 (0.1%) 

Prophylaxis 

Surgical prophylaxis 102 3 (0.4 %) 8 (0.8%) 91 (2.8%) 
bOther prophylaxis 40 3 (0.4 %) 13 (1.3%) 24 (0.7%) 

a Other includes endocarditis and acute otitis externa 
b Other prophylaxis includes trauma, burn and bite 

 

Table 2.7: Percentage of antimicrobials prescribed by different specialists 

Prescriber speciality N (%) 

Resident 3241 (64.8%) 
aInternal medicine 854 (17.1%) 

ICU 549 (11%) 

Surgeon 157 (3.1%) 

Cardiologist 96 (1.9%) 

ED Physician 46 (0.9%) 

Pulmonologist 36 (0.7%) 

Orthopaedics 10 (0.2%) 

Anaesthesiologist 8 (0.15%) 

OBG 7 (0.13%) 

Intern  1 (0.02%) 

Total 5005  
Key: ICU: Intensive care unit; ED: Emergency department; OBG: Obstetrics and gynaecology. 
 a Also include infectious disease specialist. 
 

2.4.3 Appropriateness of antimicrobial therapy 

Overall, 4,929 (98.5%) of the prescribed antimicrobials were assessed for their 

appropriateness of prescribing. A small number (76, 1.5%) of the prescribed 

antimicrobials could not be assessed as some patients were either discharged or died 

before culture results became available. The results showed that only 2,787 (56.5%) 
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of the antimicrobial orders were prescribed appropriately, with 2,142 (43.5%) being 

inappropriate. An empirical initiation of piperacillin/tazobactam was only 

appropriate in 52.3% of the total empiric piperacillin/tazobactam prescriptions. 

Almost all the carbapenem and piperacillin/tazobactam prescribed as prophylactic 

therapy was inappropriate. Table 2.8 illustrates the appropriateness of 

imipenem/cilastatin, meropenem and piperacillin/tazobactam prescriptions. 

Table 2.8: Appropriateness of imipenem/cilastatin, meropenem and 
piperacillin/tazobactam prescriptions 

Antimicrobial Type of 
prescription  

Appropriate Inappropriate 

 Imipenem/cilastatin Empiric 
(n=466) 

63.5% 36.5% 

Targeted 
(n=294) 

87% 13% 

Prophylaxis 
(n=6) 

0% 100% 

Meropenem  
 
 
 
 
 

Empiric 
(n=691) 

57.9% 42.1% 

Targeted 
(n=291) 

79.4% 20.6% 

Prophylaxis 
(n=21) 

0% 100% 

Piperacillin/tazobactam 
 
 

Empiric 
(n=2874) 

52.3% 47.7% 

Targeted 
(n=171) 

57.9% 42.1% 

Prophylaxis 
(n=115) 

0.9% 99.1% 

 

The most common reasons for inappropriate use of empiric prescriptions were: 

spectrum of activity was too broad 1029 (40%), antimicrobial used without a culture 

request 929 (36.2%), failure of suitable antimicrobial de-escalation 570 (22.2%), 

known allergy to the prescribed antimicrobial 29 (1%) and continuation of 

antimicrobial prescribing despite microbiology results indicating resistance 12 

(0.5%). As some antimicrobial prescriptions had more than one reason for 

inappropriateness, the total number for the identified reasons were 2,870. Some of 
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the reasons were only applicable to one type of prescription, accordingly the total 

reasons under each type of prescription have different denominator. Figure 2.5 

outlines the reason why antimicrobials were inappropriate for empiric, targeted and 

prophylaxis.  

 
Figure 2.5: Reasons for the inappropriate prescribing according to the type of the 

prescription; empiric, targeted and prophylaxis 



 

108 
 

The percentages of appropriate prescriptions that were prescribed for sepsis, SSTI 

and UTIs were more than the percentage of the inappropriate prescriptions, while 

for pneumonia, febrile neutropenia and intra-abdominal infections prescriptions, the 

percentage of inappropriate prescriptions was more than the appropriate 

prescriptions. All the prescriptions that were for gynaecological infection and surgical 

prophylaxis were inappropriate. Table 2.9 illustrates the appropriateness of 

antimicrobials according to the indication. According to the prescriber speciality, 

1396 (43%) of the prescriptions prescribed by the residents were inappropriate, 378 

(44.3%) prescribed by internal medicine specialists were inappropriate and 217 

(39.5%) prescribed by ICU specialists were inappropriate. Table 2.10 illustrates the 

appropriateness of antimicrobials according to prescriber speciality. 

 

Table 2.9: Appropriateness of antimicrobials according to the indication 
Indication Appropriate 

n (%) 
Inappropriate 

n (%) 
Not assessed n 

(%) 
Treatment (empiric and targeted)  
Febrile neutropenia 63/199 (31.7%) 134/199 (67.3%) 2/199 (1%) 
Gynaecological 
infection 

0/5 (0%) 5/5 (100%) 0/5 (0%) 

Intra-abdominal 
infection 

183/431 (42.5%) 243/431 (56.4%) 5/431 (1.1%) 

Meningitis 3/8 (37.5%) 5/8 (62.5%) 0/8 (0%) 
Osteomyelitis 17/25 (68%) 8/25 (32%) 0/25 (0%) 
Pneumonia 612/1333 (45.9%) 703/1333 (52.7%) 18/1333 (1.4%) 
Sepsis 873/1248 (70%) 340/1248 (27.2%) 35/1248 (2.8%) 
Skin and soft tissue 
infections 

492/743 (66.2%) 248/743 (33.4%) 3/743 (0.4%) 

Urinary tract 
infection 

539/864 (62.4%) 312/864 (36.1%) 13/864 (1.5%) 

aOther 4/7 (57.1%) 3/7 (42.9%) 0/7 (0%) 
Prophylaxis 
Surgical prophylaxis 0/102 (0%) 102/102 (100%) 0/102 (0%) 
bOther prophylaxis 1/40 (2.5%) 39/40 (97.5%) 0/40 (0%) 

a Other includes endocarditis and malignant otitis externa 
b Other prophylaxis includes trauma, burn and bite 
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Table 2.10: Appropriateness of antimicrobials according to the prescriber 
speciality 

Prescriber 
speciality 

Total 
number of 

prescriptions 
(n) 

Appropriate 
n  

(%) 

Inappropriate  
n  

(%) 

Not 
assessed 

n  
(%) 

Resident 
3241 

1809 
(55.8%) 

1396 
 (43%) 

36 
(1.2%) 

aInternal 
medicine 

854 
461  

(54%) 
378 

 (44.3%) 
15 

(1.7%) 
ICU 

549 
312  

(56.9%) 
217 

 (39.5%) 
20 

(3.6%) 
Surgeon 

157 
93  

(59.3%) 
63  

(40.1%) 
1  

(0.6%) 
Cardiologist 

96 
49 

 (51%) 
45  

(47%) 
2  

(2%) 
ED Physician 

46 
27 

 (58.7%) 
18  

(39.1%) 
1  

(2.2%) 
Pulmonologist 

36 
23 

 (64%) 
12  

(33.3%) 
1  

(2.7%) 
Orthopaedics 

10 
5  

(50%) 
5  

(50%) 
0  

(0%) 
Anaesthesiologist 

8 
5 

 (62.5%) _ 
3  

(37.5%) 
0  

(0%) 
OBG 

7 
3  

(43%) 
4  

(57%) 
0  

(0%) 
Intern  

1 
0 

 (0%) 
1  

(100%) 
0  

(0%) 
Total 5005 2787 2142 76 

Key: ICU: Intensive care unit; ED: Emergency department; OBG: Obstetrics and gynaecology. 
a Also include infectious disease specialist. 
 

2.4.4 Appropriateness of antimicrobial therapy for pre-defined subgroups of 

patients and prescriptions 

There were no significant differences in the incidence of inappropriate antimicrobial 

prescribing based on gender or patient location (ICU versus non-ICU). Patients aged 

>44 years had lower odds of inappropriate antimicrobial prescribing compared to 

those aged less than 44 years old. Patients with two or more co-morbidities had 

higher odds of inappropriate prescribing compared to those with one co-morbidity. 

Patients who had antimicrobial prescriptions for empiric treatment or prophylaxis 

had higher odds of inappropriate prescribing compared to those who had 



 

110 
 

prescription for targeted therapy. Table 2.11 shows the characteristics of the patients 

prescribed both appropriate and inappropriate antimicrobials.  
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  Table 2.11: Appropriateness of antimicrobial therapy for pre-defined subgroups of patients and prescriptions  
Characteristic Appropriate 

n/N (%) 
N= (2787) 

Inappropriate 
n/N (%) 
N= (2142) 

Odds ratio 
(95%CI) 

P value  Percentage risk difference 
 (95%CI)  

Age 
18-44 
45-64 
65-84 
≥ 85 

 
715/1345 (53.2%) 
905/1553 (58.3%) 
1016/1766 (57.5%) 
151/265 (57.0%) 

 
630/1345 (46.8%) 
648/1553 (41.7%) 
750/1766 (42.5%) 
114/265 (43.0%) 

 
1.00 
0.81 (0.70-0.94) 
0.84 (0.73-0.97) 
0.86 (0.66-1.12) 

 
0.031 

 
Reference  
-5.1% (-8.7 to 1.5) 
-4.5% (-7.9 to 0.8) 
-3.8% (-10.4 to 2.7) 

Gender  
Female 
Male 

 
1403/2445 (57.4%) 
1384/2484 (55.7%) 

 
1042/2445 (42.6%) 
1100/2484 (44.3%) 

 
1.00 
1.07 (0.956-1.198) 

 
0.238 

 
Reference  
1.7% (-1.1 to 4.4) 

Co-morbidities  
0 
1 
2 
≥3 

 
394/690 (57.1%) 
1155/1680 (68.8%) 
281/576 (48.8%) 
957/1983 (48.3%) 

 
296/690 (42.9%) 
525/1680 (31.3%) 
295/576 (51.2%) 
1026/1983 (51.7%) 

 
1.00 
0.61 (0.50-0.73) 
1.40 (1.12-1.75) 
1.43 (1.20-1.70) 

 
 
<0.0001 

 
Reference  
-11.7% (-16 to 7.3) 
8.3% (2.8 to 13.8) 
8.8% (4.5 to 13.1) 

Location  
Non-ICU 
ICU 

 
2368/4203 (56.3%) 
419/726 (57.7%) 

 
1835/4203 (43.7%) 
307/726 (42.3%) 

 
1.00 
0.946 (0.806-1.109) 

 
0.491 

 
Reference  
-1.4% (-5.3 to 2.5) 

Type of antimicrobial therapy  
Empiric 
Targeted 
Prophylaxis 

 
2200/4031 (54.6%) 
586/756 (77.5%) 
1/142 (0.7%) 

 
1831/4031 (45.4%) 
170/756 (22.5%) 
141/142 (99.3%) 

 
1.00 
0.35 (0.29-0.42) 
169.4 (23.7-1212.1) 

 
<0.001 

 
Reference  
-22.9% (-26.3 to -19.5) 
53.9% (51.8 to 56) 
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2.4.5 The association between appropriate prescribing and patients' length of 

hospitalisation 

A total of 2,695 patients during 3,453 visits were included in the study. A total of 506 

patients had at least more than one visit during the study period. The total number 

of visits where patients were prescribed only one antimicrobial was 2,457 visits. 

During 996 admissions, there was at least more than one prescription during the 

same visit. For the total visits analysis, it was shown that the LOS was significantly 

higher related to appropriate therapy (17 days vs. 12 days (P=0.0001)). In the quantile 

regression model, there was a trend toward shorter LOS with inappropriate 

prescribing (adjusted median difference 5.7 (95% CI:4.4,7.1)). LOS reduced after 

adjusting of type of infection (adjusted median difference 3.8 (95% CI:2.3, 5.2)) (Table 

2.12).  

Sensitivity analyses were performed by including patients who had one prescription 

per admission and similar results were found. It was shown that the LOS was 

significantly higher related to appropriate therapy (14 days vs. 10 days (P=0.0001)). 

In the quantile regression model, it was shown that the LOS was significantly higher 

for therapy appropriateness (adjusted median difference 4 (95% CI:2.7,5.3)). LOS 

reduced after adjusting of type of infection (adjusted median difference 3.5 (95% 

CI:2.4, 4.7)) (Table 2.13).  

An analysis of the cases with HAP showed that there were no significant differences 

in the LOS between the appropriate versus inappropriate group (15 days vs. 13 days 

(P=0.09)). In the quantile regression model, it was shown that the adjusted median 

difference was 0.4 (95% CI:-2.4, 3.3; Table 2.14).  
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Table 2.12: Length of stay by appropriateness and mortality (total visits analysis) 
 Mortality  

Overall therapy appropriateness No 
N=3105 

Yes 
N=348 

Total 
N=3453 

No 
N=1698 

Length of stay, Median 
[IQR] 

11 [6-22] 
N=1542 

26.5 [12.5-59] 
N=156 

12 [6-24] 
N=1698 

Yes 
N=1755 

Length of stay, Median 
[IQR] 

17 [9-32] 
N=1563 

25 [11-43] 
N=192 

17 [9-34] 
N=1755 

P value* 0.0001 0.89 0.0001 

Median difference 
(95% CI)** 

6 (4.6, 7.4) 
P<0.0001 

-2 (-8.7, 4.7) 
P=0.56 

5 (3.6, 6.4) 
P<0.0001 

Median difference 
(95% CI)*** 

5.9 (4.6, 7.2) 
P<0.0001 

-1.2 (-8.4, 5.95) 
P=0.74 

5.7 (4.4, 7.1) 
P<0.0001 

Median difference 
(95% CI)**** 

4.1 (2.8, 5.5) 
P<0.0001 

-1.9 (-9.3, 5.5) 
P=0.62 

3.8 (2.3, 5.2) 
P<0.0001 

*Mann-Whitney U test 
**quantile regression model (unadjusted) 
***adjusted for sex, age, ICU, no of co-morbidities. 
**** adjusted for sex, age, ICU, no of co-morbidities, infection type. 
 
 

Table 2.13: Length of stay by appropriateness and mortality (one prescription per 
admission) 

 Mortality  

Overall therapy appropriateness No 
N=2382 

Yes 
N=75 

Total 
N=2457 

No 
N=1287 

Length of stay, Median 
[IQR] 

9 [6-17] 
N=1256 

20 [9-54] 
N=31 

10 [6-17] 
N=1287 

Yes 
N=1170 

Length of stay, Median 
[IQR] 

14 [7-25] 
N=1126 

21 [6.5-39.5] 
N=44 

14 [7-26] 
N=1170 

P value* 0.0001 0.47 0.0001 

Median difference 
(95% CI)** 

5 (3.7, 6.3) 
P<0.0001 

2 (-19.9, 23.9) 
P=0.86 

5 (3.6, 6.4) 
P<0.0001 

Median difference 
(95% CI)*** 

4.6 (3.7, 5.6) 
P<0.0001 

-0.9 (-18.3, 16.4) 
P=0.92 

4 (2.7, 5.3) 
P<0.0001 

Median difference 
(95% CI)**** 

3.5 (2.4, 4.6) 
P<0.0001 

2.0 (-15.0, 19.1) 
P=0.81 

3.5 (2.4, 4.7) 
P<0.0001 

*Mann-Whitney U test 
**quantile regression model (unadjusted) 
***adjusted for sex, age, ICU, no of co-morbidities. 
**** adjusted for sex, age, ICU, no of co-morbidities, infection type. 
 
 

Table 2.14:Length of stay by appropriateness and mortality (hospital-acquired 
pneumonia) 

 Mortality  

Overall therapy appropriateness No 
N=365 

Yes 
N=11 

Total 
N=376 

No 
N=205 

Length of stay, Median 
[IQR] 

13 [8-22] 
201 

74 [37.5-463] 
4 

13 [8-22]  
205 

Yes 
N=171 

Length of stay, Median 
[IQR] 

15 [8-29] 
164 

16 [10-42] 
7 

15 [8-30] 
171 
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P value* 0.06 0.05 0.09 

Median difference 
(95% CI)** 

2 (-0.9, 4.9) 
P=0.17 

-77 (678, 524) 
P=0.78 

2 (-0.9, 4.9) 
P=0.17 

Median difference 
(95% CI)*** 

0.4 (-2.6, 3.4) 
P=0.78 

-29 (-842, 784) 
P=0.93 

0.4 (-2.4, 3.3) 
P=0.76 

*Mann-Whitney U test 
**quantile regression model (unadjusted) 
***adjusted for sex, age, ICU, no of co-morbidities. 

2.5 Discussion 

This study provides important insights into the current prescribing practices of 

carbapenems (imipenem/cilastatin or meropenem) and piperacillin/tazobactam at a 

tertiary hospital within Saudi Arabia.   

The study found that these three broad-spectrum antimicrobials were commonly 

used for empiric indications and more than half of the prescriptions were ordered by 

medical residents. For the practice of taking a culture before starting antimicrobial 

therapy, culture and sensitivity tests were ordered in 78.6% of cases before 

prescribing antimicrobials. Assessment of the appropriateness of broad-spectrum 

antimicrobials showed that in 43.5% of cases, they were inappropriate. 

It was found that appropriate broad-spectrum antimicrobial prescribing did not result 

in a shorter length of hospital stay, with the inappropriate prescriptions group 

spending less time in hospital. This section will discuss the results in details. 

2.5.1 Antimicrobial use 

In this study 245 (4.7%) prescriptions were excluded from the assessment due to a 

lack of documentation of the indication. Recording the indication for prescribing 

antimicrobial was higher (95.3%) compared with data from a PPS study in 26 Saudi 

hospitals (48.9%). This might reflect the recent adoption of electronic prescribing 

from 2015 onwards. KKUH is one of the oldest tertiary centre in KSA and have better 

infrastructure which may account for the differences observed in recording. The PPS 

survey data was noted to be collected on 2016 and this could reflect that the 
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electronic prescribing to theses hospital had not yet occurred and as a consequence 

the data records may have been less complete. 

Antimicrobial consumption has been widely reported by measuring the DDD. Results 

have been used for benchmarking purposes; however, this methodology has its 

disadvantages (Kuster et al., 2008). DDD and PDD can be over- or underestimated 

according to the underlying disease. Moreover, this measurement does not indicate 

the appropriateness of the antimicrobial therapy. DDD has the advantage of 

providing a better estimation than DOT, particularly in patients receiving one dose, 

such as surgical prophylaxis or a combination of antimicrobials. Therefore, in this 

study, for the purpose of quantifying antimicrobial consumption and assessment of 

the appropriateness of antimicrobial therapy, both the number of prescriptions and 

the DDD were used for reporting the results. In hospital settings, to overcome the 

variation and differences in occupancy rate and size, to allow benchmarking with 

other hospitals and organizations, it is recommended to measure the number of DDD 

per 100 bed-days (Birkett et al., 2003). Thus, in this study, DDD was expressed per 

bed-days. 

The consumption of piperacillin/tazobactam in this study was 15.24 DDDs per 100 

bed-days, which was similar to that previously reported in Saudi (13.4 DDDs per 100 

bed-days; Balkhy et al., 2018). Unlike piperacillin/tazobactam, the consumption of 

carbapenem was 11.27 DDDs per 100 bed-days, which was less than previously 

reported in a Saudi hospital (25.6 DDDs per 100 bed-days; Balkhy et al., 2018). This 

could be due to the differences in the local resistance pattern, prescribing policy. In 

this study, broad-spectrum antimicrobials were commonly prescribed in the internal 

medicine wards. The most common indication for prescribing carbapenems and 

piperacillin/tazobactam was pneumonia, followed by sepsis. A study conducted by 
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Youssif et al. (2018) found  in a tertiary care hospital in Saudi Arabia found that the 

most common indication for prescribing carbapenems and piperacillin/tazobactam 

was SSTIs, followed by intra-abdominal infections. Reported differences in 

prescription indication may be due to the inclusion of surgical floors in the later study. 

This study showed that 64.8% of the prescribed broad-spectrum antimicrobials were 

prescribed by the resident physicians. This could be justified by shortage of senior 

physicians and the unavailability of ID physicians. . The lack or unavailability of ID 

physicians is considered to be a gap in the practice of antimicrobials prescribing, 

where physicians from different specialities can communicate and share the 

antimicrobial prescribing decisions. As the data were retrieved from the hospital 

system, it was not possible to obtain the percentage of antimicrobials prescribed by 

the ID physicians as they were in the internal medicine category (Pulcini et al., 2014). 

Therefore, there is a need to conduct a study to further explore broad-spectrum 

antimicrobial prescribing practices.to identify ID physicians' prescribing patterns. 

In this study, culture and sensitivity tests were ordered on 3,934 (78.6%) occasions 

before prescribing antimicrobials, while 1,071 (21.4%) antimicrobial prescriptions 

were started without culture and sensitivity tests orders. This could be because of 

several reasons. Some patients were prescribed antimicrobials as prophylaxis; 

however, in this study, only a few prescriptions were issued for prophylactic 

indications. Another reason could be organisational constraints due to limited 

capacity or opening hours (Schouten et al., 2007; Om et al., 2016). Failing to order a 

culture before the initiation of the therapy by some physicians where they decided 

to start the therapy based on the clinical signs and symptoms of the patient (Alharthi 

et al., 2019) could also be a cause. Moreover, in some cases, taking culture is not 

possible due to reasonable reasons such as for patient with abdominal infections and 
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mild pneumonia. Further investigation is needed to probe the reasons behind not 

taking a culture at an institutional level. 

 

2.5.2 Appropriateness of antimicrobial therapy 

In this study, prescriptions were used as the unit of analysis instead of patients 

because 65.7% of the patients received more than one antimicrobial prescription 

during the evaluation period. The study found that the overall appropriate use of the 

three broad-spectrum antimicrobials was 56.5%. Most antimicrobials were 

prescribed for empirical indication (82%) and only 15.2% were prescribed post-

culture. Empiric indication of piperacillin/tazobactam was appropriate in 52.3% of the 

empiric courses. The current results are similar to the study by Mekdad and AlSayed 

(2020), which was conducted in a cardiac unit of a tertiary care hospital in Saudi 

Arabia and found that piperacillin/tazobactam prescribing was appropriate in 55% of 

prescriptions. Moreover, a study conducted by Khan et al. (2012) to evaluate 

piperacillin/tazobactam use in an adult population in a tertiary care hospital in Qatar 

found that it was appropriately initiated in 57% of courses.  In contrast, the results of 

the current study differ from other studies from countries in the locality, where it was 

calculated that piperacillin/tazobactam was appropriately initiated on 86% - 90% 

occasions (Raveh et al., 2006; Zeenny et al., 2014). The differences may be due to the 

variation in indication between paediatric versus adult populations, variations in 

prescriber education or the status of ASPs in each hospital. Moreover, different 

assessment criteria for the prescriptions could contributed to the identified 

differences in appropriateness. The rate of appropriateness of empiric indication of 

meropenem and imipenem was 57.9% and 63.5%, respectively. A study that 

evaluated the empiric prescriptions of imipenem/cilastatin conducted in a tertiary 
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care hospital over a 3-month period demonstrated a higher rate of appropriateness 

(97%) compared to the present study (Kabbara et al., 2015). Furthermore, a study 

conducted by Raveh et al. (2006) reported that 82% f meropene prescriptions were 

appropriate. Similar justifications could be made about the reported differences in 

appropriates rates as described above 

The most common diagnosis in the category of inappropriateness was pneumonia 

and sepsis. In sepsis, a delay in antimicrobial prescribing is associated with increased 

mortality (Levy et al., 2018). The initial step in sepsis management is the identification 

of patients with sepsis, which can be clinically challenging. Sepsis diagnosis is 

extremely subjective and identification can be complex, particularly in the early 

stages when the presenting symptoms are non-specific and test results are pending. 

This means that a prescriber must make early decisions regarding antimicrobials 

usage (Vincent, 2016). In this period of uncertainty, prescribers need to act, balancing 

the risks of failing to treat sepsis versus over-prescribing, and the risk of increasing 

AMR.   

The most common reason given for the assessment of inappropriateness for empiric 

prescriptions was that the spectrum of activity was too broad (40%). The high 

percentage of inappropriate initial selection of these broad-spectrum antimicrobials 

is concerning. Such over-prescribing is associated with an increased risk of AMR, 

adverse effects, opportunistic infections and increased healthcare costs (Tamma et 

al., 2017). Therefore, there is a need for antimicrobial stewardship. Possible 

antimicrobial stewardship strategies include guideline implementation and staff 

education (Davey et al., 2017). 

In terms of de-escalation of therapy, the failure of de-escalation was shown in 19.9% 

of cases. The failure to de-escalate may be due to the reluctance of prescribers to 
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make modifications to a clinically unwell patient’s therapy or the tendency toward 

continuation of a therapy that appears to be effective (Paterson, 2006). Nevertheless, 

the continuation of therapy while the culture indicated sensitivity to a narrower 

agent is concerning and this is considered a focus area for further explanation and 

future intervention in antimicrobial prescribing practice. 

2.5.3 Appropriateness of antimicrobial therapy for pre-defined subgroups of 

patients and prescriptions 

The analysis of antimicrobial appropriateness for pre-defined subgroups of patients 

and prescriptions showed that patients who had a higher number of co-morbidities 

were more likely to be prescribed inappropriate antimicrobials than those who had 

fewer or no co-morbidities. An assumption could be that for these patients, 

prescribers might prescribe broad-spectrum antimicrobials inappropriately to 

prevent the decompensation of co-morbidities related to sepsis.  

Overall, the findings from this DUR study in terms of consumption and prescribing of 

broad-spectrum antimicrobials showed that there is inappropriate antimicrobial 

prescribing in terms of initial antimicrobial choice and/or continuation of therapy. 

These findings support Khan et al. (2012); Zeenny et al. (2014); Kabbara et al. (2015); 

and Mekdad and AlSayed (2020), who all reported different rates of inappropriate 

prescribing of at least one of the three studied antimicrobials. However, some of 

these studies used additional assessment criteria such as proper dosing (Khan et 

al.,2012; Zeenny et al.,2014; Kabbara et al.,2015) and may have been subject to 

different antimicrobial prescribing policies. 
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2.5.4 The association between appropriate prescribing and patients' length of 

hospitalisation 

Appropriate broad-spectrum antimicrobial prescribing did not result in a shorter 

length of hospital stay, with the inappropriate prescriptions group spending less time 

in hospital, after controlling for cofounders such as sex, age, location (ICU- non-ICU), 

and number of co-morbidities. 

Though it may seem logical that appropriate broad-spectrum antimicrobial 

prescriptions would lead to improved outcome such as the length of hospital stay, 

this association has not been identified in this study, where patients with appropriate 

prescriptions were shown to stay longer in hospital. . In this study, the use of a scoring 

system such as the Charlson co-morbidity index (Charlson et al.,1987) or the quick 

Sepsis-related Organ Failure Assessment (Seymour et al., 2016) was considered; 

however, the required metrics to populate these datasets (i.e severity of liver disease, 

partial pressure of oxygen) were unavailable because they had not been captured 

electronically in the database that we had access to. 

The first explanation for having longer hospital stay in the appropriately prescribed 

group may be that this group were experiencing more severe conditions as broad-

spectrum seemed to be appropriately used in more severe cases.  While patients who 

were prescribed broad-spectrum antimicrobials inappropriately were mainly because 

of the assessment that the spectrum was too broad where they can be treated with 

narrow-spectrum probably due to less severe infections which justified being 

discharged earlier (Garau et al., 2008). 

In observational retrospective studies, the potential for selection bias is considered a 

major limitation. In this case, the patients with less severe illness may be more likely 
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to receive unnecessary broad-spectrum antimicrobials and be categorised as 

receiving inappropriate prescriptions (Hulscher and Prins, 2017).  

Moreover, in cases that broad-spectrum antimicrobials prescriptions were 

considered appropriate, there may have been a failure of initial therapy that led to 

the prescription of these antimicrobials, which had an impact on the LOS. 

Another explanation may be that LOS is a variable that, in theory, should be affected 

by differences in quality of care; however, it is subject to several confounders, such 

as age, gender, co-morbidities, severity of illness and transfer (Garau et al., 2008; 

Thom et al., 2008; Baek et al., 2018; Ofori-Asenso et al., 2018). To reduce the chance 

of confounding, LOS was adjusted for sex, age, location (ICU- and non-ICU), and 

number of co-morbidities. However, there might be differences in severity between 

the two groups, which might justify the difference seen in LOS. Unfortunately, as it 

was mentioned earlier, there was no data on severity of illness score in this study. 

In this study, we have looked at a range of ID and perhaps that is why interpretation 

is more difficult. When we looked at a subpopulation of the data, which was a large 

segment of the overall data, to see whether that same signal was maintained, we 

found that for HAP, there were no significant differences in LOS between the 

appropriate versus inappropriate groups. 

In the literature, studies that have investigated the association between appropriate 

antimicrobial prescribing and LOS have either identified that appropriate 

antimicrobial prescribing is associated with a shorter LOS (Spoorenberg et al., 2014; 

van den Bosch et al., 2017; Wathne et al., 2019) or no association was found (Thom 

et al., 2008). These studies have used different methodology and criteria for the 

assessment of appropriateness. Wathne et al., 2019 identified that appropriate 

antimicrobial prescribing in terms of guidelines adherence was associated with 
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decreased LOS. However, LOS for more than 21 days were excluded, which may limit 

the generalisability of the estimate. In addition, the severity of illness was not 

controlled for the analysis. 

 In some of these studies, LOS was stratified by disease indication (Spoorenberg et 

al.,2014; van den Bosch et al., 2017; Thom et al., 2008). Some studies used a 

comprehensive set of quality indicators (Spoorenberg et al., 2014; van den Bosch et 

al., 2017) in which only an IV to oral switch was associated with shorter hospital stay, 

which was not assessed in the present study (van den Bosch et al., 2017). It is likely 

that LOS is prolonged for the reason that more days of hospitalisation are needed to 

continue receiving IV antimicrobial therapy.  

A limitation of the study is the use of an international guideline for the assessment of 

the appropriateness of the antimicrobial prescriptions due to the unavailability of 

institutional guideline. While using institutional guideline would have been ideal, an 

ID specialised clinical pharmacists was consulted to assist where the decisions on 

appropriateness were not clear. 

 Other limitation is the impact of the classifications of inappropriate prescribing used 

in this study. The criteria that were used to assessed the inappropriateness may have 

an impact on the results of the assessment. For example, the inability to consider 

some patients factor such some patients may have antimicrobial before admission or 

in cases of not ordering culture due to the unavailability of a sample. Moreover, 

reasons for not ordering culture it could be for valid reasons such as in intra-

abdominal infections and mild pneumonia. Consequently, this could explain the 

unexpected shorter LOS in inappropriate group. For example, culture may not take 

for a justifiable reason for a patient who had a shorter LOS and the prescription was 

categorised under inappropriate prescription. 
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Other limitation is   that the LOS examined in the study was all-cause related LOS

rather than infection-only related stay  which may have an impact on the results of 

the study. For example, some patients who had appropriate prescriptions may need 

to stay longer due to nutritional management, surgeries or developing complications 

that are not related to the antimicrobial therapy. 

Also, other limitation of this study is that we were unable to account for all the factors 

increasing LOS in hospitalised patients, such as the severity of illness. Consequently, 

this study provides justification for conducting a well-designed study that controls for 

further factors that may impact the LOS, such as information about the severity of 

infections and illness, to determine the benefit of appropriate broad-spectrum 

antimicrobials in hospitalised patients. Structured, accurate and accessible data on 

the severity of infections must be documented in the patient's electronic medical 

record to ensure and secure this data for quality improvement processes and 

research purposes. 

2.6 Conclusion  

This chapter presented the results from quantitative study related to physicians' 

broad-spectrum antimicrobial prescribing for adult patients in hospital setting. This 

study has provided important insights into the use and appropriateness of broad-

spectrum antimicrobials.  

We have identified that appropriate broad-spectrum antimicrobial therapy was 

associated with longer hospital stay. One hypothesis to justify this finding is that 

broad-spectrum antimicrobial prescriptions were considered to be prescribed 

appropriately for those who had severe infections, resulting in them staying longer in 

hospital. Another hypothesis is that there was no normalisation for individual patient 

health, which could lead to the positive outcome seen in the inappropriate group. 
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Overall, the results showed that the rate of inappropriate prescribing of broad-

spectrum antimicrobials we 43.5%. Future research is needed to further explore 

factors associated with inappropriate antimicrobial prescribing practices. 
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3. Chapter 3: A qualitative study exploring physicians’ views and 

perceptions on broad-spectrum antimicrobials and factors influencing 

antimicrobials prescribing  

Overview: This chapter starts with a general introduction, including a summary of the 

key results of the quantitative study, and then illustrates the aims and objectives of 

the qualitative study. An explanation of the methodology adopted in the study is then 

presented, followed by the findings, discussion and a summary. 

3.1 Introduction  

International recommendations on ASPs are intended to improve the 

appropriateness of antimicrobial prescribing (Goff et al., 2017; Morley and Wacogne, 

2018). ASPs have been shown to reduce inappropriate antimicrobial use and 

resistance, reduce the length of hospital stay and decrease health care-associated 

costs (Ashiru-Oredope et al., 2012). The Saudi MOH has recognised the potential of 

these programmes through the initiation of an antimicrobial stewardship strategy as 

part of the national action approach to reduce the AMR threat (Alomi, 2017). 

Accordingly, the implementation of ASPs in Saudi hospitals has been endorsed to 

improve the rational use of antimicrobials, therefore reducing AMR (Alghamdi et al., 

2019).  

In Chapter 2, it was identified that there is considerable inappropriate prescribing of 

broad-spectrum antimicrobials in a hospital setting. The most common reasons for 

inappropriate prescribing of broad-spectrum antimicrobials were either the 

spectrum of activity was too broad, they were used without a culture request and 

there was a failure of suitable antimicrobial de-escalation. The study indicated the 

need for deep exploration of factors that drive inappropriate broad-spectrum 
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antimicrobial prescribing, which is the reason for conducting a qualitative study with 

the physicians. 

From the literature, it was found that physicians are supportive of ASPs (Bannan et 

al., 2009). However, one of the challenges to ASPs is an absence of consensus among 

physicians on what is considered an appropriate antimicrobial selection when 

deciding whether to prescribe a broad-spectrum antimicrobial as the initial therapy 

(Tarrant et al., 2020). Moreover, physicians’ views and perceptions about 

antimicrobial use and resistance differ across countries and settings (Md Rezal et al., 

2015; Kaae et al., 2017). A systematic review of studies on antimicrobial prescribing 

in hospital settings recommended that ASP sustainability could be enhanced with a 

greater understanding and consideration of the determinants of antimicrobial 

prescribing (Charani et al., 2011). Behavioural, contextual and cultural factors which 

impact the antimicrobial use must be identified (Hulscher et al., 2010). To implement 

effective interventions to improve the appropriateness of broad-spectrum 

antimicrobial prescribing, it is crucial to explore and addressed physicians’ views 

about broad-spectrum antimicrobials and identify how they make their antimicrobial 

prescribing decisions (Warreman et al., 2019). From the literature, several qualitative 

studies have been conducted regarding physicians’ views about antimicrobials 

(Teixeira Rodrigues et al., 2013; Warreman et al., 2019). Nevertheless, little is known 

about why and how physicians decide to prescribe particular antimicrobials, 

particularly those which are broad-spectrum (Wood et al., 2007; Tarrant et al., 2020). 

Furthermore, no qualitative study has been conducted in the KSA to explore 

physicians’ views about antimicrobial prescribing where differences in healthcare 

systems may contribute to different views and perceptions. Therefore, this study 

seeks to understand physicians' perceptions and views about broad-spectrum 
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antimicrobials and factors that impact upon their prescribing decisions. Part of this 

study was published (Appendix 11). 

Enhancing the design of evidence-based practice relies on behaviour change (Michie 

et al., 2011). Therefore, behaviour change interventions (BCIs) are essential to the 

effective and useful practice of public health and clinical medicine (Michie et al., 

2011). According to Michie et al., BCIs are “coordinated sets of activities designed to 

change specified behaviour patterns”. The steps of designing BCIs generally includes 

the determination of the holistic approach that will be implemented, followed by the 

focus on the details of the intervention design (Michie et al., 2011). 

The BCW is a holistic and validated framework for designing interventions through 

the integration of behaviour theory to recognise the mechanisms of action of the 

intervention (Michie et al., 2011; Michie et al., 2014).  

The BCW contains three layers; the first layer has the COM-B model, including 

capability, opportunity and motivation. Capability is defined as “the individual's 

psychological and physical capacity to engage in the activity concerned”; opportunity 

is defined as “all the factors that lie outside the individual that make the behaviour 

possible or prompt it” and motivation is defined as “all those brain processes that 

energise and direct behaviour, not just goals and conscious decision-making”. The 

COM-B model is illustrated in Figure 3.1 These three factors have been developed to 

understand and target behaviours as a foundation for intervention design. The COM-

B model is supported by the Theoretical Domains Framework (TDF) that consists of 

14 domains and 84 constructs generated from 33 behavioural change theories under 

the capability, opportunity and motivation categories (Cane et al., 2012). The TDF, 

with definitions and component constructs, is presented in Table 3.1. 
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Figure 3.1: The COM-B model of behaviour (Michie et al., 2011) 

Table 3.1: The TDF with definitions and component constructs (Cane et al., 2012) 

Domain name Definition  Constructs 

Knowledge  
 

An awareness of the existence 
of something 

Knowledge (including 
knowledge 
of condition/scientific 
rationale) 
Knowledge of task 
environment 
Procedural knowledge 

Skills An ability or proficiency 
acquired through practice 

Ability 
Competence 
Interpersonal skills 
Practice 
Skill assessment 
Skills 
Skills development 

Social/
professional 
role and 
identity 

A coherent set of personal 
qualities and behaviours 
displayed by an individual in a 
work or social setting 

Group identity 
Identity 
Leadership 
Organisational commitment 
Professional boundaries 
Professional confidence 
Professional identity 
Professional role 
Social identity 

Beliefs about 
capabilities 

Acceptance of the truth, reality 
or validity of an ability, talent 

Beliefs 
Empowerment 
Perceived behavioural control 
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or facility that a person can put 
to constructive use 

Perceived competence 
Professional confidence 
Self-confidence 
Self-efficacy 
Self-esteem 

Optimism The confidence that things will 
happen for the best or that 
desired goals will be attained 

Identity 
Optimism 
Pessimism 
Unrealistic optimism 

Beliefs about 
consequences 

Acceptance of the truth, 
reality, or validity of outcomes 
of a behaviour in a given 
situation 

Anticipated regret 
Beliefs 
Characteristics of outcome 
expectancies 
Consequents  
Outcome expectancies 

Reinforcement Increasing the probability of a 
response by arranging a 
dependent relationship, or 
contingency, between the 
response and a given stimulus 

Consequents 
Contingencies 
Incentives 
Punishment 
Reinforcement 
Rewards (proximal/distal, 
valued/not valued, 
probable/improbable) 
Sanctions 

Intentions A conscious decision to 
perform a behaviour or a 
resolve to act in a certain way 

Stability of intentions 
Stages of change model 
Trans-theoretical model and 
stages of change 

Goals Mental representations of end 
states or outcomes that an 
individual wants to achieve 

Action planning 
Goal priority 
Goal/target setting 
Goals 
(autonomous/controlled) 
Goals (distal/proximal) 
Implementation intention 

Memory, 
attention and 
decision 
processes 

The ability to retain 
information, focus selectively 
on aspects of the environment 
and choose between two or 
more alternatives 

Attention 
Attention control 
Cognitive overload/tiredness 
Decision-making 
Memory 

Environmental 
context and 
resources 

Any circumstance of a person’s 
situation or environment that 
encourages or discourages the 
development of abilities and 
skills, social competence, 
independence and adaptive 
behaviour 

Barriers and facilitators 
Environmental stressors 
Organisational culture/climate 
Person × environment 
interaction 
Resources/material resources 
Salient events/critical 
incidents 
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Social 
influences 

Those interpersonal processes 
that can cause individuals to 
change their behaviours, 
thoughts or feelings 

Alienation 
Group conformity 
Group identity 
Group norms 
Intergroup conflict 
Modelling 
Power 
Social comparisons 
Social norms 
Social pressure 
Social support 

Emotion A complex reaction pattern, 
involving physiological, 
experiential and behavioural 
elements, by which the 
individual attempts to deal 
with a personally significant 
event or matter  

Affect 
Anxiety 
Burn-out 
Depression 
Fear 
Positive/negative affect 
Stress 

Behavioural 
regulation 

Anything aimed at changing or 
managing objectively observed 
or measured actions 

Action planning 
Breaking habit 
Self-monitoring 

 

The second layer includes nine intervention functions: coercion, education, 

enablement, environmental restructuring, incentivisation, modelling, persuasion, 

restrictions and training. The last layer contains seven policy categories: 

communication/marketing, environmental/social planning, fiscal, guidelines, 

legislation, regulation and service provision, which may be used to assist and enable 

the delivery of the intervention. Table 3.2 illustrates the definitions of the nine 

interventions functions and seven policy categories. The BCW enables designers and 

developers to recognise, in a clear and systematic way, intervention functions and 

policy categories that may possibly make a change. The system is increasingly applied 

to design interventions that aim to change antimicrobial prescribing practices 

(Lorencatto et al., 2018). Figure 3.2 illustrates the BCW. 



 

131 
 

 
Figure 3.2: The BCW (Michie et al., 2014) 

Key: SOC: Social influences; Env: Environmental Context and Resources; Id: 
Social/Professional Role and Identity; Bel Cap: Beliefs about Capabilities; Opt: Optimism; Int: 
Intentions; Bel Cons: Beliefs about Consequences; Reinf: Reinforcement; Em: Emotion; Know: 
Knowledge; Cog: Cognitive and interpersonal skills; Mem: Memory, Attention and Decision 
Process; Beh Reg: Behavioural Regulation; Phys: Physical skills. 
 

Table 3.2: Definitions of intervention functions and policy categories (Michie et al., 
2011) 

Definition 

Intervention functions 

Coercion Creating an expectation of cost or punishment  

Education Increasing understanding or knowledge 

Enablement  Increasing means/reducing barriers to increase 
opportunity or capability 

Environmental restructuring  Changing the social or physical context 

Incentivisation Creating expectation of reward 

Modelling  Providing an example for people to imitate or to 
aspire to 

Persuasion Using communication to induce negative or positive 
feelings or stimulate action 

Restriction Using rules to reduce the opportunity to engage in 
the target behaviour (or to increase the target 
behaviour by reducing the opportunity to engage in 
competing behaviours) 
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3.2 Aims and objectives 

3.2.1 Aims 

To investigate physicians’ views, perceptions and experiences regarding broad-

spectrum antimicrobial prescribing in a hospital setting.  

3.2.2 Objectives 

1. Explore physicians’ perceptions and views about broad-spectrum 

antimicrobials.  

2. Identify factors that influence physicians’ broad-spectrum antimicrobial 

prescribing for hospitalised patients. 

3. Identify barriers to appropriately prescribing broad-spectrum antimicrobials 

to hospitalised patients. 

4. Obtain physicians’ recommendations to improve the appropriateness of 

broad-spectrum antimicrobial prescribing. 

Training Imparting skills 

Policy categories 

Communication/marketing 
Using electronic, print, telephonic or broadcast 
media 

Environmental/social 
planning 

Designing and/or controlling the social or physical 
environment 

Fiscal 
Using the tax system to increase or reduce the 
financial cost 

Guidelines 
Creating documents that mandate or recommend 
practice. This includes all changes to service 
provision 

Legislation Making or changing laws 

Regulation 
Establishing principles or rules of behaviour or 
practice 

Service provision Delivering a service 
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5. Map themes to COM-B framework to support behaviour change to improve 

the appropriateness of broad-spectrum antimicrobial prescribing. 

 

3.3 Methodology 

3.3.1 Study design 

The study involved holding semi-structured interviews, conducted over 11 weeks 

between 5 April and 21 June 2020. The justification for choosing qualitative methods 

for this study was explained in Chapter 1. The semi-structured interview is the most 

common type of qualitative research data collection method in the qualitative 

research and healthcare context (Kallio et al., 2016). It provides exploration and 

investigation of both the participants’ and researchers’ agendas (Pope and Mays, 

2020). Moreover, it provides an opportunity for a deep understanding of the 

participants’ perspective, knowledge, or experiences in an area of interest (Ritchie et 

al., 2014). 

Initially, the interviews were planned to be conducted as individual, face-to-face 

semi-structured interviews with selected physicians. However, due to the emergence 

of the COVID-19 pandemic, a decision was made to conduct all interviews via 

telephone. Evidence suggests that, in comparison with face-to-face interviews, 

telephone interviews could generate data of similar quality (Opdenakker, 2006; 

Novick, 2008). 

3.3.2 Setting, sampling strategy and sample size                                                                                                                                                             

The study included a sample of physicians who were working at KSUMC and 

prescribing broad-spectrum antimicrobials for adult hospitalised patients. In this 

study, two fundamental considerations guided the recruitment of participants: 

appropriateness and adequacy. Appropriateness referred to the identification of 
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participants with the related knowledge and experience to best inform the study, 

while adequacy referred to sufficient related information being created by the 

participants (Fossey et al., 2002), Thus, purposeful sampling was used as the sampling 

strategy in which the participants were approached based on their experience in 

broad-spectrum antimicrobial prescribing for adult hospitalised patients. A snowball 

sampling strategy was also used as enrolled participants were asked if they had 

colleagues who were interested in participating in the study. The sample size was 

decided when data saturation was attained, i.e., when no new ideas or views 

emerged (Pope et al., 2000). In the literature, qualitative studies relevant to 

antimicrobial prescribing for adult hospital patients typically have sample sizes range 

from 5 to 30 (Velasco et al., 2012; Broom et al., 2014; Livorsi et al., 2015; Skodvin et 

al., 2015; Ravi et al., 2017). 

3.3.3 Inclusion and exclusion criteria 

To capture the diversity of insights and views regarding physicians’ prescribing, the 

inclusion criteria were set with a range of characteristics which included any 

physicians with a degree in medicine regardless of age, of either gender and 

regardless of years of practice. Physicians who prescribed for paediatric and neonates 

were excluded from the study because their prescribing differs from adult 

prescribing. 

3.3.4 Participants’ recruitment 

Recruitment was conducted over 11 weeks between 2 March and 16 May 2020. To 

increase awareness about the research, several approaches for recruiting 

participants were used. Initially, an email was sent to the head of each speciality 

department at KSUMC, asking any physician who was interested and willing to 

participate in the study to contact the researcher through email or phone to arrange 
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a convenient date and time for a telephone interview. In addition, an email was sent 

to several residency training programme directors asking any resident who was 

interested in participating in the study to contact the researcher via email or phone 

to arrange a convenient date and time for a telephone interview. Furthermore, a 

direct email was sent to consultants at several departments asking them if they were 

interested in participating in the study and to reply with the appropriate date and 

time for the interview. The email included the research title, a brief description of the 

research, the research aims and the anticipated interview length. The researcher’s 

contact details were provided for those who agreed to participate so they could 

contact the researcher for further details (Appendix 12). 

When the interview date and time were agreed upon and confirmed, an email, 

including a participant’s information sheet, was sent. The participant’s information 

sheet provided full information and details about the study, including an overview, 

the procedure involved in the telephone interview and the participants’ rights. It 

included the title of the study, the study background, the aim of the research, the 

recruitment criteria, a brief explanation of the interview process, the withdrawal 

policy, possible benefits and risks of participating, the participants’ data 

confidentiality, and the researcher’s contact information (Appendix 13). An email 

reminder was sent to all participants 24 hours before the interview. 

3.3.5 Consent form  

All participants were asked to sign and date an electronic consent form after 

providing a brief description of the study and the interview process. The consent form 

was sent before conducting the interview. It was signed through the DocuSign© 

website, which is an electronic, user-friendly platform for signing and handling 

documents securely. Once signed, two electronic copies were dispatched 
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automatically: one to the researcher and the other to the participant. The consent 

form can be seen in Appendix 14. 

3.3.6 The interview topic guide  

The interview topic guide is a document that illustrates the key topics to be discussed 

during the interviews (Ritchie et al., 2014). It helps to ensure consistency in data 

collection across all the participants, while allowing for flexibility to follow issues that 

are salient to each of them (Ritchie et al., 2014). The interview topic guide was 

developed following a review of the previously published and related qualitative 

research, as recommended by Ritchie et al. 2014. Studies on antimicrobial prescribing 

in hospitalised patients were used to design the interview topic guide questions 

(Charani et al., 2013; Livorsi et al., 2015; Skodvin et al., 2015; Broom et al., 2017). In 

addition to consideration of the key findings of the quantitative study reported in 

Chapter 2, all questions were reviewed and discussed by the researcher and 

supervisory team to best fit with the research aim and objectives. The interview topic 

guide has two main parts, as illustrated in Figure 3.3. The first set of questions was 

about the physicians’ demographics, including their age, gender, speciality, current 

position, attended university, qualifications and number of years of experience. The 

second set comprised the main questions, divided into three sections. The first 

section included introductory questions relevant to the physicians’ broad-spectrum 

antimicrobial prescribing practice, such as ‘What is your understanding of 

appropriate broad-spectrum antimicrobial prescribing?’ And ‘In your daily practice, 

how do you plan or decide on prescribing broad-spectrum antimicrobials?’. 

The second section included questions related to the barriers and challenges of 

appropriate broad-spectrum antimicrobial prescribing. The aim of these questions 

was to provide an in-depth understanding of the barriers and challenges of 
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appropriate broad-spectrum antimicrobial prescribing and to identify who was 

responsible for these barriers and challenges. The third section included 

recommendations to improve antimicrobial prescribing practice. These questions 

aimed to induce the physicians to state their opinions about guidelines and electronic 

tools and to suggest recommendations to improve broad-spectrum antimicrobial 

prescribing practice. The interview topic guide can be found in Appendix 15. 

3.3.7 Pilot interviews 

The interview guide was reviewed, re-drafted and revised several times by the 

supervisory team (ABM, HA and AM). Furthermore, it was reviewed by one clinical 

pharmacist who specialised in ID (AA) and a researcher who had experience in qualitative 

research (NAA). All the necessary comments and amendments were taken into account. 

Before conducting the pilot interview, the researcher NA received training in qualitative 

research interviewing. The final draft of the interview guide was tested in pilot interviews 

with two healthcare professionals. The first was a consultant clinical pharmacist and the 

second was a mixed methodology researcher with knowledge of and experience in 

qualitative research. The length of the first interviews was 27 minutes and the length of 

the second interview 21 minutes. Both interviews were recorded and transcribed. The 

audio recordings of the two interviews, along with their transcripts, were checked by one 

member of the supervisory team (HA). This allowed for an assessment of the 

participants’ responses to the questions provided identification of any 

misunderstandings. Moreover, it offered additional interviewing techniques. It also 

provided an assessment of the estimated length of the interviews. The two pilot 

interviews were not included in the study analysis or findings. 
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Figure 3.3: The two stages of the interview topic guide 

3.3.8 Ethical approval 

Before the study, an ethics application was submitted to KSUMC Institutional Review 

Board and permission for the study was granted (Appendix 3). 

3.3.9 Data storage 

All the audio recordings of the interviews were transcribed by the researcher. To 

retain anonymity, the recorded interviews were destroyed at the end of the study, 

but the transcripts were stored electronically for two years in an encrypted file using 

an encrypted format. 

3.3.10 Data analysis  

The interview audio recordings were transcribed into Microsoft® Word documents 

by the researcher NA. An intelligent verbatim style was used in transcribing; such a 

style omits all hesitation fillers, e.g., “uh” and “um”, pauses and laughter during the 

interview and involves minor grammatical editing (Salonga, 2019). A random 20% of 

the transcribed files were screened, by comparing them to the digital recordings, by 

two researchers and only minor issues related to prepositions and articles were 

identified. The interview transcript files were uploaded into NVivo®12 (QSR 

International. 2018), a computer software programme that is used to store, organise 

and manage qualitative data (Appendix 16). The thematic approach to analysing 

• Participants’ demographics

First stage

• Practice of broad-spectrum antimicrobial prescribing

• Barriers to appropriate broad-spectrum antimicrobial prescribing

• Recommendations to improve the appropriatness  of broad-spectrum 
antimicrobial prescribing practice 

Second stage (Main questions)
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qualitative data was used, following the six-step phases recommended by Braun and 

Clarks (Braun and Clarke, 2006), discussed in more detail in Chapter 1. To assess the 

reliability of the coding, a random 20% sample was checked by a researcher who is 

experienced in qualitative research. A comparison between the codes was made. The 

majority of the codes were similar and only minor differences were identified. These 

were discussed and resolved. The study reporting followed the consolidated criteria 

for reporting qualitative research (COREQ) guidelines (Tong et al., 2007) and Braun 

and Clarke’s checklist (Braun and Clarke, 2006). The checklists are presented in 

Appendix 17 and Appendix 18. The results were mapped to the relevant TDF and 

COM-B components to identify intervention functions and policy categories. 

 

3.4 Findings 

3.4.1 Characteristics of interview participants 

Sixteen physicians participated in the study, 13 (81%) of whom were male. The 

participants’ mean age was 30.6 ± 5.8 and the interviews lasted for an average length 

of 30 minutes. Participant specialities included internal medicine (n=4), orthopaedics 

(n=4), infectious disease (n=3), emergency medicine (n=2), surgery (n=1), 

neurosurgery (n=1), and ear, nose and throat (n=1). The participants’ positions 

included junior resident (n=6), senior resident (n=3), fellow (n=2) and consultant (n= 

5). Table 3.3 summarises the demographics and professional characteristics of 

participants.  

3.4.2 Qualitative analysis 

Four main themes emerged from the interview data. These were views on broad-

spectrum antimicrobials, factors influencing broad-spectrum antimicrobial 

prescribing, antimicrobial stewardship: practices and barriers and recommendations 
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to improve appropriate broad-spectrum antimicrobial prescribing. The themes and 

subthemes are shown in Table 3.4. 
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Table 3.3: Demographics and professional characteristics of participants 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Key: USA: United States of America.  

 

Participant 
number 

 

Age 

(years) 

Gender Speciality Working position Working 

experience 

(years) 

Working experience 

outside of the KSA, 

duration 

Length of 

interview 

(minutes) 

1 32 Male Surgery Fellow 8 No 21 

2 26 Female Internal medicine Junior resident 1.5 Canada, 1 month 33 

3 25 Male Orthopaedics Junior resident 2 No 22 

4 27 Male Orthopaedics Senior resident 5 No 31 

5 25 Male Neurosurgery Junior resident 1 Canada, 1 month 

USA, 1 month 

32 

6 27 Male Orthopaedics Senior resident 4 No 27 

7 26 Male Internal medicine Junior resident 1 No 56 

8 28 Male Internal medicine Senior resident 3 No 50 

9 40 Male Emergency medicine Consultant 16 Australia, 7 years 24 

10 26 Male Ear, nose and throat Junior resident 1 No 35 

11 27 Male Orthopaedics Junior resident 1 Yes 38 

12 37 Male Emergency medicine Consultant 9 USA, 5 years 41 

13 43 Male Infectious disease Consultant 10 Canada, 8 years 17 

14 30 Female Infectious disease Fellow 5 Canada, 1 month 29 

15 36 Female Infectious disease Consultant 12 Canada, 3 years 41 

16 35 Male Internal medicine Consultant 10 Canada, 8 years 31 
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Table 3.4: Themes and subthemes identified from thematic analysis 
Theme Subtheme 

Views on broad-spectrum 
antimicrobials  

 Physicians' perceptions of broad-spectrum 

antimicrobials 

 Concern for AMR and other drawbacks associated with 

broad-spectrum antimicrobials 

Factors influencing broad-
spectrum antimicrobial 
prescribing  

 Patient-related factors 

 Physician-related factors 

 External factors 

Antimicrobial 
stewardship practices 

 Taking culture before administering the antimicrobial 

therapy 

 De-escalation therapy 

 IV oral switch  

Recommendations to 
improve appropriate 
broad-spectrum 
antimicrobial prescribing  

 Education, awareness and training 

 Guidelines implementation 

 The stewardship programme 

 Institution and technology-related recommendations  

Key: IV: intravenous 

 

3.4.2.1 Views on broad-spectrum antimicrobials  

3.4.2.1.1 Perceptions of broad-spectrum antimicrobials  

The absence of a standard definition of broad-spectrum antimicrobials and what is 

considered inappropriate prescribing was noted by the participants, regardless of 

their years of experience or speciality. This section will present their understanding 

and will give some enlightenment concerning their perceptions of broad-spectrum 

antimicrobials and inappropriate prescribing. Table 3.5 illustrates supporting quotes. 

Broad-spectrum antimicrobials were described as “big guns” that could target 

unknown organisms (Quote 1, Table 3.5). Some participants believed that broad-

spectrum antimicrobials were antimicrobials that covered different groups of gram-

negative, gram-positive and anaerobes bacteria (Quote 2, Table 3.5). Also, broad-

spectrum antimicrobials could be referred to as antimicrobials that cover not only a 

single bacterium but could cover multiple bacteria (Quote 3, Table 3.5). 
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Some participants referred to broad-spectrum antimicrobials as agents that cover a 

suspected infection when the cause of the infection is unknown and where the 

patients are treated based on clinical assessment and vital signs (Quote 4, Table 3.5). 

Broad-spectrum antimicrobials were identified to be commonly prescribed in severe 

patient conditions that could be life-threatening, like meningitis or sepsis (Quote 5, 

Table 3.5). The participants gave examples of broad-spectrum antimicrobials 

including piperacillin-tazobactam, vancomycin, carbapenems, aminoglycosides and 

cephalosporins, as commonly used broad-spectrum antimicrobials in their clinical 

practice (Quote 6, Table 3.5). The appropriate prescribing of broad-spectrum 

antimicrobials was defined by some participants as those prescriptions that cover 

suspected organisms based on the location of the infection (Quote 7, Table 3.5). 

Others considered the prescriptions appropriate when an ID team was involved in 

the decision of patient treatment, regardless of their choice, or when the treatment 

prevented a deterioration in the patient’s condition (Quotes 8-9, Table 3.5). 

Meanwhile, inappropriate prescribing was defined by participants as not covering a 

suspected infection. An example was prescribing antimicrobial therapy that has no 

coverage for Pseudomonas species or MRSA for a patient with HAP (Quotes 10-11, 

Table 3.5). 

Some participants considered over coverage, which is the prescription of a broad-

spectrum antimicrobial when it is not needed, like in tonsillitis cases. Also, the 

continuation of the broad-spectrum antimicrobial despite culture results indicating 

sensitivity to narrow-spectrum was also considered an inappropriate prescribing 

practice (Quotes 12-13, Table 3.5). 
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Table 3.5: Supporting quotations for Views on broad-spectrum antimicrobials theme 
Supporting quotations Subtheme  
1. ‘‘Broad-spectrum agents, I would consider those that we call the big guns of antibiotics, that can actually target non-

specific organism.” (Physician 8: internal medicine, 3 years) 
2. ‘‘A broad-spectrum anything that covers more than one line of bacteria anaerobes and aerobes, gram-positive, gram-negative that exceeds 

two [organisms], to me is broad-spectrum.’’ (Physician 16: internal medicine, 10 years) 
3. ‘‘To cover more than one bacterium or more species of bacteria, to cover an infection that we don't know what the cause of this infection 

is.’’ (Physician 1: surgery, 8 years) 
4. ‘‘A broad-spectrum antimicrobial is the antimicrobial that would cover most organisms that we suspect the patient to have, based on their 

clinical signs and symptoms, and lab investigations while pending results of cultures.’’ (Physician 13: infectious disease, 10 years) 
5. “It's common to be prescribed in critically ill patients, patients we anticipate to have a critical disease like meningitis or sepsis, for example.’’ 

(Physician 8: internal medicine, 3 years) 
6. ‘‘Carbapenems, third and fourth generations of cephalosporin, some of the modified penicillin, like piperacillin-tazobactam.’’ (Physician 7: 

internal medicine, 1 year) 
7. “Appropriate, like, let's say, if we are treating a gastroenterology related infection, then I know that I should cover for the gram-negative 

bacteria, so that's why I use zocin [piperacillin-tazobactam] because zocin has good coverage for gram-negative. If I’m treating skin 
infections, I need to cover the gram-positive bacteria then I pick the appropriate one. If I'm going to treat outpatients, then I do clindamycin. 
If I'm going to treat, like, for inpatients, then I’m going to use vancomycin, especially if I’m concerned about methicillin-resistant bacterium. 
It depends on what the bacterium I suspect is and according to the system I'm treating. Then, I pick the coverage accordingly.’’ (Physician 
12: emergency medicine, 9 years) 

8. “By involving the appropriate team, like infectious diseases …I think the most important thing is at least to involve the appropriate team 
that will follow the patient and they are more aware of antibiotics and these kinds of prescriptions.” (Physician 6: orthopaedics, 4 years) 

9. “Appropriate, I would say that when you prescribe a broad-spectrum in a patient that you expect will deteriorate without this antibiotic.” 
(Physician 8: internal medicine, 3 years) 

10. “Inappropriate would be to give an antimicrobial that would not cover all the possibilities of the infection of the patient.” (Physician 13: 
infectious disease, 10 years) 

11. “If someone comes with hospital-acquired pneumonia and you're not covering for Pseudomonas or MRSA, you are not covering it properly.” 
(Physician 12: emergency medicine, 9 years) 

12. “Covering organisms that do not need to be covered”. (Physician 14: infectious disease, 5 years) 
13. “For example, like tonsillitis, if I start very broad amoxiclav when you can just do with just one antibiotic …Another inappropriate broad-

spectrum practice is that you start broad and, even though you know the organisms, you still want to continue broad when you should 
actually consider narrowing as soon as possible if you have an organism that is sensitive to a narrow-spectrum antibiotic.” (Physician 16: 
internal medicine, 10 years). 

Physicians' 
perceptions of 
broad-
spectrum 
antimicrobials 
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14. ‘‘A lot of patients may develop resistance and we're not doing them any good because later on, we're going to go broader and broader till 
we have a resistant organism for every antibiotic and then we are stuck with nothing. I think this is the only drawback of prescribing broad-
spectrum.’’ (Physician 11: orthopaedics, 1 year) 

15. “We are seeing a lot of different organisms that are developing resistance to specific antibiotics and which I think is due to the 
inappropriate antibiotic prescription.” (Physician 8: internal medicine, 3 years) 

16. ‘‘I was surprised really when I came back that the penicillin family is almost not working in my country, so we need to go higher up, which 
means the big guns, like tazocin, meropenem and imipenem, and this is really a bad thing. But I think the biggest practice of prescribing lots 
of antibiotics for unnecessary things has led us to this point.” (Physician 9: emergency medicine, 16 years) 

17. ‘‘As soon as possible, you have to narrow the antibiotic when you have like a bug or organism that is differentiated so you can monitor and 
minimise resistance. That's what I do.” (Physician 16: internal medicine, 10 years) 

18. ‘‘The most concerning thing could be resistance. This is one. The other thing is the effect of the broad-spectrum antibiotics on other healthy 
normal flora.” (Physician 5: neurosurgery, 1 year) 

19. “When you use a broad-spectrum that's usually IV or still can be oral, you will subject the patient to other infections by doing that. For 
example, C. diff.” (Physician 16: internal medicine, 10 years) 

20. “They [broad-spectrum antimicrobials] can also have a lot of side-effects on other organs, kidney failure. Having an etiological side-effect 
that happens all time.’’ (Physician 16: internal medicine, 10 years) 

21. ‘‘Another challenge for the broad-spectrum, especially the IV ones, is that the patient has to stay in the hospital for a long time. For the IV 
antibiotics, and this issue by itself, it's sometimes affecting the patient.’’ (Physician 14: infectious disease, 5 years) 

22. “The unwanted side-effects of, basically, staying in a setting where you don’t need to stay. So, being in a hospital for IV antibiotics, putting 
yourself and the patient at risk of catching other infections. For example, our time now is the pandemic of COVID-19.’’ (Physician 16: 
internal medicine, 10 years) 

23. “The other thing is the cost.’’ (Physician 16: internal medicine, 10 years) 

Concern for 
AMR and 
other 
drawbacks 
associated 
with broad-
spectrum 
antimicrobials 
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3.4.2.1.2 Concern for AMR and other drawbacks associated with broad-spectrum 

antimicrobials 

Some participants raised concern regarding the potential effect associated with the 

use of broad-spectrum antimicrobials. They appeared aware of AMR and they 

recognised the contribution of inappropriate prescribing of broad-spectrum 

antimicrobials to this issue (Quote 14, Table 3.5). Participants reported having many 

organisms that developed resistance to some antimicrobials in their clinical setting, 

which could be due to the practice of prescribing unnecessary or inappropriate 

antimicrobials (Quote 15, Table 3.5). Consequently, the development of resistance to 

most penicillin group antimicrobials has led to the use of “big guns” like tazocin, 

meropenem and imipenem (Quote 16, Table 3.5). Some participants acknowledged 

optimising the use of broad-spectrum antimicrobial in their practice to decrease the 

AMR (Quote 17, Table 3.5). In addition to resistance, a concern was reported 

regarding the effect of broad-spectrum antimicrobials on the normal microbial flora 

(Quote 18, Table 3.5). Also, some participants expressed concern about an individual 

patient’s risk of developing superinfections, like C. difficile (Quote 19, Table 3.5). 

Other consequences, such as kidney and liver damage, were highlighted, indicating 

that prescribing broad-spectrum antimicrobials can harm the patients (Quote 20, 

Table 3.5). Prolonging the hospital stay is another concern related to the use of 

broad-spectrum antimicrobials, particularly the IV antimicrobials, where the patient 

has to stay for a longer period in hospital (Quote 21, Table 3.5). Consequently, there 

is a risk of exposing the patient to infection while in the hospital. An example of this 

was the current pandemic resulting from COVID-19, where patients, if they stayed 

for a long period in the hospital, were put at risk (Quote 22, Table 3.5). Cost was 
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mentioned as a drawback associated with the inappropriate prescribing of broad-

spectrum antimicrobials (Quote 23, Table 3.5). 

3.4.2.2 Factors influence broad-spectrum antimicrobial prescribing  

 

Several factors were reported by the physicians and were divided into patient- 

physician related factors and external factors. These factors are reported in this 

section. Table 3.6 illustrates supporting quotes. 

3.4.2.2.1 Patient-related factors  

Patient-related factors were mentioned as factors that influence broad-spectrum 

antimicrobial prescribing. These factors are discussed in detail in this section. Table 

3.6 shows supporting quotes. Some participants considered age as a factor that might 

influence their broad-spectrum antimicrobial prescribing decisions. They reported 

that they tended to prescribe broad-spectrum antimicrobials for elderly patients. The 

reason was that elderly patients are at high risk of acquiring antimicrobial-resistant 

bacterial infections because they might have been exposed to multiple antimicrobials 

during their lives (Quote 1, Table 3.6). A patients’ medical history seemed to play a 

crucial part in the judgement to prescribe broad-spectrum antimicrobials. Sick 

patients with co-morbidities, for example, a dialysis patient, experience the risk of 

aggressive progression or the deterioration of their illness; therefore, the participants 

would prescribe broad-spectrum antimicrobials to prevent any progress or 

deterioration of the patient’s condition (Quote 2-3, Table 3.6). Also, the patient’s 

immune status was considered as a factor that might influence the prescribing of 

broad-spectrum antimicrobials. It was reported that participants may consider 

adding another antimicrobial for immunocompromised patients (Quote 4-5, Table 

3.6). A history of multiple admissions and long hospital stays were mentioned as 
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factors that influence participants to start broad-spectrum antimicrobials (Quote 6-

7, Table 3.6). Previous cultures, prior antimicrobial exposure and the duration of the 

previous antimicrobial course are factors that might affect the broad-spectrum 

antimicrobial prescribing decision (Quote 8-10, Table 3.6). 

The participants stated that the patients’ clinical presentation and the type of 

infection play a significant part in the decision to consider and prescribe broad-

spectrum antimicrobials. Severely sick patients suffering from severe infection or 

from sepsis that is affecting their haemodynamic instability are often aggressively 

treated with broad-spectrum antimicrobials, unlike stable patients with mild 

diseases, who are treated with narrow-spectrum antimicrobials (Quote 11-12, Table 

3.6). Moreover, the participants stated that the sudden onset of patient deterioration 

is a factor for starting broad-spectrum antimicrobials or even an escalation of the 

current antimicrobial therapy to a broad-spectrum agent (Quote 13-14, Table 3.6). 

Conversely, it was reported that severity of illness had no influence on the decision 

to prescribe broad-spectrum antimicrobials (Quote 15, Table 3.6). The type of 

infection itself was considered an influence to prescribe broad-spectrum 

antimicrobials. Hospital-acquired infections are more severe than other types of 

infection; therefore, broad-spectrum antimicrobials tend to be prescribed for 

hospital-acquired infections (Quote 16, Table 3.6). Also, having polymicrobial 

infections like, for example, diabetic foot infections where there is a need to have a 

broader coverage including anaerobe, gram-negative, and gram-positive leads to 

broad-spectrum antimicrobial prescribing. However, infections caused by individual 

organisms, for example, cellulitis, where it is usually caused by Streptococcus or 

Staphylococcus, do not (Quote 17, Table 3.6). 
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Table 3.6: Supporting quotations for factors influencing broad-spectrum antimicrobial prescribing theme 

Subtheme Supporting quotations 

Patient-
related 
factors  
 

1. ‘‘Usually, we consider the age …To use some of the broad-spectrum antibiotics …I mean, if I have a patient who's elderly, I would think that this 
patient has had resistance before …He has been exposed to many antibiotics in his life, for a long time.’’ (Physician 7: internal medicine, 1 year) 

2. ‘‘For example, if we have patients on dialysis.’’ (Physician 7: internal medicine, 1 year) 
3. ‘‘The current condition of the patient, some patients with co-morbidities, we suspect very aggressive organisms or very aggressive 

progression of the disease, so we want to start something broad-spectrum to cover it. We didn't have any chance to start with 
something narrow-spectrum. This is one factor, the patient’s condition.’’ (Physician 10: ear, nose and throat, 1 year) 

4. ‘‘First, I would say: '’Is the patient immunocompromised?’” (Physician 8: internal medicine, 3 years) 
5. ‘‘And I might add other antibiotics in immunocompromised patients.’’ (Physician 4: orthopaedics, 5 years) 
6. ‘‘Has the patient had multiple previous admissions?” (Physician 8: internal medicine, 3 years) 
7. ‘‘Like, if we have, for example, if we have a patient who was in hospital for a long time.’’ (Physician 7: internal medicine, 1 year) 
8. ‘‘If we have patients who have been exposed to the MRSA organism …There are, I would say, some antibiotics that have been used 

before, but they didn’t work.’’ (Physician 7: internal medicine, 1 year) 
9. ‘‘Considering the previous microbiologic culture for the patient.’’ (Physician 14: infectious disease, 5 years) 
10. ‘‘Other factors that can affect my antimicrobial prescription, especially the broad-spectrum …The duration itself of the antibiotic 

usage.’’ (Physician 8: internal medicine, 3 years) 
11. ‘‘Any infection that is affecting the haemodynamic instability, for example, is just a simple UTI, but in a haemodynamically unstable 

patient, like a hypotensive patient, which is called urosepsis or UTI, causing septic shock at this stage, I would consider it a critical 
illness that needs a broad-spectrum antibiotic until I reach a definitive diagnosis, which I need a target therapy for.’’ (Physician 8: 
internal medicine, 3 years) 

12. ‘‘All comes within the signs and symptoms and clinical presentation of the patient. So, patients who come in with a mild disease don't 
necessarily need to be prescribed a broad-spectrum antimicrobial, I could give them more of a narrower spectrum compared to those 
who are sick. Those who present, for example, with a severe infection or septic shock, then it would be much more appropriate to 
prescribe them with a broad-spectrum antimicrobial until you have the results.’’ (Physician 13: infectious disease, 10 years) 

13. ‘‘The other factor, the patient deterioration, sometimes the patient gets sick suddenly.’’ (Physician 10: ear, nose and throat, 1 year) 
14. ‘‘The clinical scenario how sick is the patients, if the patient is hypotensive and if he's already covered by, let's say ceftriaxone, I 

definitely upgrade the antibiotic.’’ (Physician 2: internal medicine, 1.5 years) 
15. “But severity I don't think would change the antibiotic.” (Physician 5: neurosurgery, 1 year) 
16. “The hospital admission, you know the hospital-acquired infections are more severe than the community-acquired infections.’’ 

(Physician 10: ear, nose and throat, 1 year) 
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17. ‘‘For example, dealing with a diabetic foot, where it is known to have polymicrobial anaerobe, aerobe, gram-negative gram-positive, 
you need to have a broad-spectrum antibiotic. That's the ideal, when dealing with cellulitis, for example, as you are most likely dealing 
with a uniorganism - staph, strep.’’ (Physician 16: internal medicine, 10 years) 

Physician-
related 
factors  
 

18. “We follow the IDSA guidelines with regard to the antimicrobial therapy.’’ (Physician 2: internal medicine, 1.5 years) 
19. ‘‘We use sometimes the guidelines. For example, in orthopaedics, we have two to three infections that we treat rather than the post-

op. We have osteomyelitis and septic arthritis …To be honest, I can’t remember, but it’s related to the Orthopaedic Society not to the 
pharmacology or ID of the infectious disease …It’s an international.’’ (Physician 1: surgery, 8 years) 

20. ‘‘We have actually a pocket antibiotic guide for any emergency which was made by the American Society of Emergency Medicine. I 
have had that from residency. So, I still have it and I try to buy the new updated version. Like, I have two different ones and I kind of 
use them for quick referencing.’’ (Physician 12: emergency medicine, 9 years) 

21. ‘‘It's all international, proven it is used mainly by the ID sub-speciality ID specialist and even clinical pharmacist.’’ (Physician 8: internal 
medicine, 3 years) 

22. ‘‘Usually, I don’t have guidelines; we just have guidelines for our procedures in neurosurgery.’’ (Physician 5: neurosurgery, 1 year) 
23. ‘‘There are no clear guidelines that we are following except for the preoperative antibiotics …The guideline that we are using is 

international.’’ (Physician 6: orthopaedics, 4 years) 
24. ‘‘I use it if not backed up by senior or experienced doctors; in this case, I use guidance - mostly the applications on the phone.” 

(Physician 11: orthopaedics, 1 year) 
25. ‘‘If I forget about specific dosage or selection of antibiotic, my first target is Stanford antimicrobial. The second thing is either 

UpToDate or the IDSA guideline.’’ (Physician 8: internal medicine, 3 years) 
26. ‘‘We use Stanford or John Hopkins. These are my references for starting broad-spectrum antibiotics if I have, like, clinical suspicion of 

something, and I can go back and check it.” (Physician 14: infectious disease, 5 years) 
27. ‘‘And for difficult cases or cases that do not yield a positive culture and still I'm worried about the different diagnosis, I would review 

some articles, for example in the New England Journal of Medicine.’’ (Physician 8: internal medicine, 3 years) 
28. ‘‘There is no institutional guideline’’ (Physician 1: surgery, 8 years) 
29. ‘‘Generally speaking, we have local guidelines. For some diseases, we have hospital guidelines, like for febrile neutropenia, so they 

know what to do. Even if we are not involved, we need only, like, to approve the antibiotics for them but they know what the protocol 
is for like, febrile neutropenia. We have a local protocol, like, for example, malaria and we follow these local protocols.’’ (Physician 
14: infectious disease, 5 years) 

30. ‘‘There are two types of guidelines by the way. There are clinical guidelines that are already available, either internationa l or by our 
local hospital, for, like, treating pneumonia, treating bacteraemia, and there is the antimicrobial guidance of the drug itself, which 
we also do, like, for antimicrobial therapy, including ertapenem, meropenem, linezolid …We have few …We worked on the last few 
years on a few of them, including septic shock, pneumonia, bacteraemia.’’ (Physician 15: infectious disease, 12 years) 
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31. ‘‘Myself, I’m following two things or three things, Stanford, the application or guidelines of antimicrobial therapy, UpToDate 
sometimes, and the pocket book that has been made by the pharmacy. Although not all the physicians know about it, I think there 
are a few. I mean, 10 to 20%, they know about the pocket books that are made by our institution.” (Physician 7: internal medicine, 
1 year) 

32. ‘‘I usually use the Ministry of Health antibiotics guidelines. It’s an updated one, and I think the last issue was six months  ago. This is 
my main source …I usually use the Ministry of Health local guideline.’’ (Physician 9: emergency medicine, 16 years) 

33. ‘‘If the infection that I'm dealing with is described and is well mentioned by a textbook or theory, I will go by the book, as I mentioned, 
because we go by the book.’’ (Physician 11: orthopaedics, 1 year) 

34. ‘‘If you mean a certain guideline we follow, no, it’s not a single guideline that we follow but the general recommendations ...In terms 
of my speciality no, we don't use a certain guideline’’ (Physician 3: orthopaedics, 2 years) 

35. “I think we tend to prescribe the same regimen to a number of patients. So, like, anybody who comes in with, let's say, pneumonia, 
you immediately see us prescribing aziothro [azithromycin] and ceftriaxone. I think it [experience] heavily influences what I've seen in 
practice”. (Physician 2: internal medicine, 1.5 years) 

36. ‘‘I depend more on evidence than my experience, but I'm sure my experience does play a part, but I always follow evidence-based 
medicine rather than my own.’’ (Physician 13: infectious disease, 10 years) 

37. ‘‘As time goes on, I get more experience and I get to know lots of information, lots of updated information, from the internet websites 
and that's changed me a lot from the time of residency till now. As a consultant, my prescription habits, my routine practice with 
antibiotics have changed. So, to be honest, initially, when I started as a resident, I used to give antibiotics, for example, to every sore 
throat, every upper respiratory tract infection. Now, almost zero. I don't give them unless it's very clear there is pus and the patient 
is sick. I will give them then. So, it's changed me a lot in my practice.’’ (Physician 9: emergency medicine, 16 years) 

38. ‘‘Actually, it increases it, especially in the areas that I was in - general surgery, neurosurgery and paediatrics. I saw many sick patients. 
I saw septic patients, actually, when they were haemodynamically unstable. They improved when they received the broad-spectrum 
antibiotic. It encouraged me to use more broad-spectrum antimicrobial therapies.’’ (Physician 10: ear, nose and throat, 1 year) 

39. ‘‘I make my own decision, at the end of the day, because I'm the consultant, you know.’’ (Physician 15: infectious disease, 12 years) 
40. ‘‘Sometimes, I think this is the main issue because they try to save time, they try to cut themselves some headache when call ing up 

the ID team or the clinical pharmacist. So, I think this is one of the main points that contributes to this factor.’’ (Physician 11: 
orthopaedics, 1 year) 

41. ‘‘I will use the same antibiotic. It will not change my plan unless I didn't see an effect of my antibiotics. Then, I will consider changing 
the antibiotic”. (Physician 5: neurosurgery, 1 year) 

42. ‘‘I saw a lot of physicians abuse the antibiotic, regardless of the infection.’’ (Physician 1: surgery, 8 years) 
43. ‘‘A lot of people just prescribe an antibiotic as if it is analgesia.’’ (Physician 12: emergency medicine, 9 years) 
44. “Usually, I come and see if the patient received tazocin [Piperacillin-tazobactam], even for a simple UTI. Why tazocin? Because it is 

the antibiotic that we usually prescribe.” (Physician 8: internal medicine, 3 years) 
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45. ‘‘I think emergency room physicians are really generous with broad-spectrum antibiotics and I think that comes from our daily 
practice, dealing with the undifferentiated cases, trying to pick the right choice of antibiotic and starting wide …So, yes, I feel like this 
is really something related to my practice as an emergency room physician.’’ (Physician 12: emergency medicine, 9 years) 

46. “When you meet with them, the surgeons, I think you should ask them: ‘Do you start the patient on medications based on your feeling 
that the patient is sick or because of knowledge?’ and I'm sure that most of them will say it is based on their feeling that the patient 
needed the antibiotic, not because of their experience or knowledge with the antibiotic coverage or the bacteria.’’ (Physician 15: 
infectious disease, 12 years) 

47. ‘‘What I've seen is lack of knowledge in general. I mean, in our institution, lack of knowledge of using the broad-spectrum antibiotics, 
when it's indicated, risk factors and other things that we have to consider. The side-effect of using such antibiotics amikacin, 
vancomycin and other antibiotics.’’ (Physician 7: internal medicine, 1 year) 

48. ‘‘Well, there is probably, there's a lack of education, lack of knowledge, uh, not following our recommendations, not knowing that 
there is an existing policy and procedures in their regard, not reaching out to the antimicrobial stewardship team or the ID team. So, 
multiple reasons.’’ (Physician 13: infectious disease, 10 years) 

49. ‘‘This is the issue, like, in our institute there is a policy but we have reluctance from other teams to access it. Like, they don't want to 
open the ICT. They don't want to read the guidelines. So, they always call us to tell them what to do…But, unfortunately, most of 
them, they don’t read the policy. So, they have to call us to know what's the policy.’’ (Physician 15: infectious disease, 12 years) 

50. ‘‘Lack of interest from others.’’ (Physician 13: infectious disease, 10 years) 
51. ‘‘I feel comfortable with most of the daily presentation’s bacterial infection, yes, but I don’t feel comfortable with the rare kind of 

infections, especially with what’s happening now. Having too many patients with pneumonia and you're not sure if it's actually 
bacterial pneumonia or viral pneumonia or atypical pneumonia. So, it's, yeah, sometimes it feels like I just want to make sure that I’m 
not making wrong decisions.’’ (Physician 12: emergency medicine, 9 years) 

52. ‘‘I think ceftriaxone is enough but I started piperacillin/tazobactam …Because I'm not sure, I decided immediately to start tazo, I mean 
piperacillin-tazobactam, instead of ceftriaxone to save the patient's …Usually you cannot differentiate between acute chest syndrome 
and pneumonia. That's why I started piperacillin-tazobactam.’’ (Physician 7: internal medicine, 1 year) 

53. ‘‘Sometimes, if the patient is sick and we don't have a clear picture because we're at home on-call, for example, we just give them the 
green light.’’ (Physician 14: infectious disease, 5 years) 

54. ‘‘I think people tend to feel more comfortable the more the broad-spectrum the antibiotic is.’’ (Physician 2: internal medicine, 1.5 
years) 

55. ‘‘We start broad-spectrum antibiotics just to be on the safe side.’’ (Physician 14: infectious disease, 5 years) 
56. ‘‘To face our fear.” (Physician 10: ear, nose and throat, 1 year) 
57. ‘‘I think it's the safety of the patient.’’ (Physician 12: emergency medicine, 9 years) 
58. ‘‘In our hospital, tazocin is usually the first-line to use. We use tazocin because we don't have a lot of Hospital ESBL [Extended-

spectrum beta-lactamase], but sometimes, when we get a patient from outside, he might present with septic shock and we start him 
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on tazocin and vancomycin. Then, we keep following the patient, and sometimes he's not improving because, like, we missed ESBL in 
the blood or in the urine. This is challenging.’’ (Physician 14: infectious disease, 5 years) 

59. ‘‘It's just a kind of feeling that you don't want to hurt the patient by just taking it lightly and it might be something serious.” (Physician 
12: emergency medicine, 9 years) 

60. “To me, as an emergency room physician, I think trying to be more of having a safe kind of zone of like coverage is really kind of 
hardest and, actually, the challenge for me, instead of going narrow …It's always this kind of concern from our side.’’ (Physician 12: 
emergency medicine, 9 years) 

61. ‘‘Most of them, while they are on overnight on-call, they just want to cover the patient for all the possibilities.’’ (Physician 14: 
infectious disease, 5 years) 

62. ‘‘I think, maybe, it's us emergency room physicians, it's our kind of feeling that I have one time to see this patient and the patient will 
be admitted or discharged so I better do the right thing, make the right choice. So, it’s that feeling of I don't want to, like, miss this 
chance to treat the patient right because I'm not going to get that chance again.’’ (Physician 12: emergency medicine, 9 years) 

External 
factors 
 

63. “Usually we ask, regarding the use of broad-spectrum antibiotics, our seniors and the senior goes to the consultant to ask him about 
his opinion. Usually, we follow our consultant’s recommendation, especially if that consultant is the primary physician.’’ (Physician 
10: ear, nose and throat, 1 year) 

64. “Usually, my senior tries to explain why we are using this broad-spectrum rather than the other one, what the indications are, what 
the risk factors are, something like that.’’ (Physician 7: internal medicine, 1 year) 

65. “If the consultant said give broad-spectrum and we don't think it is correct, we will follow the consultant’s, of course, order.” 
(Physician 8: internal medicine, 3 years) 

66. “The ID team, usually they control it more. Sometimes they suggest we use it [a broad-spectrum antimicrobial], sometimes they 
suggest lowering it down to narrow-spectrum. So, I think they are very involved in the situation of using a broad-spectrum antibiotic.’’ 
(Physician 10: ear, nose and throat, 1 year) 

67. “It always, like, reinforces our knowledge and reinforces our guidelines that we use to go with in terms of what to prescribe and in 
terms of when to prescribe it.’’ (Physician 11: orthopaedics, 1 year) 

68. “If it's [infection] something more oriented, proven by cultures and does not need any ID consultation I would go with the antibiotics 
I prescribed.’’ (Physician 3: orthopaedics, 2 years) 

69. “If we are still at a point in the middle with no clear answer, we usually contacted the ID and ask them about their opinion.’’ (Physician 
10: ear, nose and throat, 1 year) 

70. “I talked to them [the ID specialists] a few times about a very small number of cases but, in general, I really don't feel like I use their 
help a lot, …I never called them, except very rarely just to get their approval on giving the treatment, maybe because we are in the 
emergency room. It's not really making, like, big changes. If you are talking about inpatient service, like medicine or something, and 
treating some chronic infections, they probably would need help from the ID. But for us, in the emergency room, we kind of do one or 
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two doses maximum and the patient usually gets admitted or discharged on antibiotics. It's not really a big deal for us.’’ (Physician 
12: emergency medicine, 9 years) 

71. “The ID consultants during ID rotation, they kind of open your eyes about things that you should be aware of. For example, we  had a 
patient who had, like, infective endocarditis in our hospital, but he was previously managed in another hospital, so we had, like, a 
lack of information of what they were trying to treat because all the cultures in our hospital and our facilities were negative. So, the 
consultants were discussing, like, what antibiotics they should prescribe. I think that discussion kind of opened my eyes to a lot of 
things, why we should go for this medication, like, bacteriostatic versus bactericidal, that sort of, like, the effects of antimicrobials, 
like, why do they prefer a certain antimicrobial in this disease compared to the other disease.’’ (Physician 2: internal medicine, 1.5 
years) 

72. “The ID team, they don't usually see the patient, they see the patient only once per week and they don't see the clinical improvement 
of the patient so, what I think is the clinical improvement is a significant indicator of the improvement, despite the clinical or 
microbiological evidence of positive organisms (Physician 8: internal medicine, 3 years) 

73. “Well, to be honest with you, in my institution, unfortunately, we don't have, like, an infectious disease round, so we don't know what 
they are doing.’’ (Physician 9: emergency medicine, 16 years) 

74. “To be honest, as a colleague, they didn't affect me much.” (Physician 8: internal medicine, 3 years) 
75. “When I have more experienced colleagues in antibiotics and microbiology, I go with their advice, what they think the most su itable 

antibiotics for such infections, such organisms are. So, yeah, it has an impact when I have a colleague who is experienced in antibiotics 
…If I face an unusual infection, I take the opinion from an experienced colleague rather than revising a guideline.’’ (Physician 5: 
neurosurgery, 1 year) 

76. ‘‘Well, to be honest, it's kind of changed my practice a little bit. As I said, if they have a good reason that they can convince me about 
this antibiotic, very well-studied validated information is usually changing my practice.” (Physician 9: emergency medicine, 16 years) 

77. “The issue is, when a medical on-call is responsible for patients, they don't discuss, actually they seek help from other colleagues if 
there are some colleagues in the hospital”. (Physician 8: internal medicine, 3 years) 

78. “Always, 70% of the time.’’ (Physician 4: orthopaedics, 5 years) 
79. “We usually have the same antibiotics that we prescribe. So, with my colleagues in the same speciality, the same team, we didn't 

have a lot of differences in terms of antibiotics that should be used. I think we are usually on the same page in our neurosurgery 
practice.” (Physician 5: neurosurgery, 1 year) 

80. “No, not always.’’ (Physician 10: ear, nose and throat, 1 year) 
81. “Usually I disagree with them but, unfortunately, that antibiotic is already being done and given to the patient. But, personally, I kind 

of disagree with some colleagues who prescribe antibiotics which I believe are maybe unnecessary to some stage. But it's almost like 
it is given to the patient and done.” (Physician 9: emergency medicine, 16 years). 
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82. “Before, I used to discuss with them, but with the time I found they become very offended and it was a very sensitive issue. I kind of 
stopped discussing with them about their practice. I kind of respect their opinion. So, I usually stop discussing.’’ (Physician 9: 
emergency medicine, 16 years) 

83. “Most of the time, I think the ID team make wiser choices because you have specialists. The primary team usually goes with what is 
safe …Prescribing broad-spectrum and not to be asked and to cover everything.’’ (Physician 10: ear, nose and throat, 1 year) 

84. “The primary physician, the one who is taking care of the patient, he will do, the final decision will be for the primary team.’’ (Physician 
4: orthopaedics, 5 years) 

85. “We have sometimes disagreements and sometimes in the same team, in the primary team, they disagree between others: ‘Why are 
you prescribing this? You have to give the patient the other one’ and you have a lot of discussions sometimes when using such 
antimicrobial agents, but they are the ones, I would say, the judges. I would say the ID at the end, he will decide …We are asking the 
ID for such patients, approval for antibiotics. Most of the time, if the ID decides any antimicrobial, I mean broad-spectrum, I would 
say 70%-80% of the physician follow what they are recommending.’’ (Physician 7: internal medicine, 1 year) 

86. “Generally, we are going to have like a scientific discussion about the pros and cons and why they need a broad-spectrum antibiotic 
instead of something more tailored to whatever microorganism we're suspecting is causing the infection.’’ (Physician 2: internal 
medicine, 1.5 years) 

87. “I'll give you two examples: when I was in an ID team and when I was on the primary team calling the ID. So, in the primary team, I 
usually follow them most of the time If I don't follow them, it's based on our consultant in the primary team. For example, in general 
medicine, some consultant wanted to discharge the patient and the ID said ‘No, keep the patient and repeat the cultures’ and our 
team disagreed. So, usually, the issue is whether to discharge the patient or to keep the patient, and the primary team would usually 
discharge the patient, so they don't follow the ID team. The other example was when I was in the ID team. One patient I remember I 
was dealing with was having septic arthritis in the shoulder and we were giving vancomycin and the primary team stopped the 
vancomycin and discharged the patient, based on clinical improvement, on only oral clindamycin. So, is there are differences but, 
usually, we follow the ID, but there are some exceptions and the exceptions are mainly because of the decision to discharge.’’ 
(Physician 8: internal medicine, 3 years) 

88. “The clinical pharmacist is really very helpful. I personally ask them about antibiotics if I need them and they usually help  me with 
prescription and alternatives, and they give me very good advice.’’ (Physician 9: emergency medicine, 16 years) 

89. “A clinical pharmacist is always our safety net because they monitored all the prescriptions, nearly all the prescriptions.’’  (Physician 
11: orthopaedics, 1 year) 

90. “We wouldn't have been able to do it without our clinical pharmacist.’’ (Physician 13: infectious disease, 10 years) 
91. “We have an ID clinical pharmacist; she knows all the patient that are on very restricted antibiotics and she always gets us, like, if we 

don’t have specific medication and we need it for a specific patient, she gets us back from our hospital. They help us, honestly, 
everything we want they are always available and they always provide us with it.” (Physician 14: infectious disease, 5 years) 
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92. “Yes, all the time. The clinical pharmacist is available in our hospital during the day time or during the on-call time. And, personally 
speaking, yes, I'm calling them, I'm taking the consult, I consult them. Not regarding the antimicrobial alone but also for all the types 
of medication.’’ (Physician 4: orthopaedics, 5 years) 

93. “The clinical pharmacy, they give us a lecture and give the other service departments lectures about this part of the practice of 
antibiotics, the antibiogram, and where we can find it actually, especially for those who are specialists, like infectious disease 
specialists or internal medicine residents, and those rotating in the infectious disease department.’’ (Physician 8: internal medicine, 
3 years) 

94. “We have clinical pharmacist specialists on ID. We call them sometimes to help us decide which antimicrobial we can use. They made 
us a pocket guide for antimicrobial therapy or agents to use with such diseases.” (Physician 7: internal medicine, 1 year) 

95. “In our practice, as neurosurgery, we usually don't have a direct encounter with clinical pharmacists until some situations arise. We 
are not like other specialities that have continuous encounters and discussions with the clinical pharmacists. So, in my practice, 
surgical specialities, we sometimes get the opinion and advice from clinical pharmacists in some situations, but not on a regular 
basis.’’ (Physician 5: neurosurgery, 1 year) 

96. “I remember seeing the clinical pharmacist about three times during the last year, they come sometimes and, if they are available, 
they try to help. So, I remember talking to him about one of my patients. He was really helpful when I asked him, but I'm not sure if 
they, like, it depends on if you recognise them because, like, he is not there all the time. When he is there or she is there, then we 
should at least make use of their presence in the emergency room.’’ (Physician 12: emergency medicine, 9 years) 

97. “In the ICU, they are around, but out of the ICU, no.’’ (Physician 10: ear, nose and throat, 1 year) 
98. “Unfortunately, in our institution, they only send us, like, students. As clinical pharmacists, they really, sometimes, they don't even 

know the families of antibiotics. I swear to God, it's super unhelpful that you cannot depend on them.’’ (Physician 16: internal 
medicine, 10 years) 

99. “Clinical pharmacists, their role comes with the doses usually. They follow the levels of the toxicity, like vancomycin. Yeah, that's it.’’ 
(Physician 10: ear, nose and throat, 1 year) 

100. “We are not calling them unless, I mean, for adjusting of medication and drug-drug interactions, but for approval, I mean for broad-
spectrum antibiotics …If a patient, he was on vancomycin for a long time, I will not call the ID to approve it. I mean, vancomycin is 
already approved, but the stop date is today, for example, so I will call the clinical pharmacist and ask ‘Please approve it again’ just 
to give to the patient”. (Physician 7: internal medicine, 1 year) 

101. “The number of people who need antibiotics is huge in a hospital. So, for you to have an ID team for all the cases that need antibiotic 
or broad-spectrum antibiotics is going to take a lot of time and effort to keep track of. (Physician 2: internal medicine, 1.5 years) 

102. “We don't have a good capacity; we are only a few. Numbers are very large and we leave it very late, 8-9 pm, to put orders for the 
patients in the hospital.’’ (Physician 14: infectious disease, 5 years) 

103. “The shortage of antibiotics can affect the antimicrobials or the broad-spectrum prescriptions.’’ (Physician 8: internal medicine, 3 
years) 
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104. “The main problem has always been lacking medications, lack of supply …Like, for example, we ran out of piperacillin/tazobactam 
then, like last month there was no more piperacillin/tazobactam in the whole hospital …Due to incompetency by storage.’’ (Physician 
13: infectious disease, 10 years) 

105. “Depending on the availability.” (Physician 16: internal medicine, 10 years) 
106. “Like for example, we don't have easy access to Keflex so we need to give, sometimes, ceftriaxone because we just don't have it and, 

to me, it's considered broad-spectrum. So, things like that …It’s not available at the hospital formulary, this is one thing. Another thing 
is, for example, if you want to give it especially in cellulitis, they will tell you they don’t have it so you have no choice and you will 
prescribe clindamycin and amoxiclav sometimes. To me, amoxiclav is broad-spectrum.’’ (Physician 16: internal medicine, 10 years) 

107. “We know about the shortage, the need for the antibiotic, for example, the broader spectrum like colistin, ceftazidime/ avibactam, 
currently tazocin in my hospital, which is in shortage, I would avoid the shortage. I would contact the clinical pharmacy and see what 
the options are. I can give them the options and they tell me what they suggest, usually if there is a mistake or if there is a shortage.” 
(Physician 8: internal medicine, 3 years) 

108. “Yes, definitely I do.’’ (Physician 15: infectious disease, 12 years) 
109. “Sometimes if we are oriented about it, like, for example, imipenem, meropenem, they are always orienting us about the price;  

antifungals, they are always orienting us about micafungin and caspofungin and the difference in the price. If we are oriented about 
the price and we know, yes, we consider it.’’ (Physician 14: infectious disease, 5 years) 

110. “Never, we never consider the cost in our institution.’’ (Physician 1: surgery, 8 years) 
111. “I only think about the cost when I work in one of the private hospitals here in Saudi. I think I try to accommodate the patient with 

the cheapest antibiotic that would cover properly his or her infection.’’ (Physician 12: emergency medicine, 9 years) 
112. “I think this is something that we're going to work on in the future, with privatisation in Saudi.’’ (Physician 2: internal medicine, 1.5 

years) 
113. “The system we use, the healthcare system, always raises red flags or raises rejection to the clinical pharmacist to review everything, 

if it’s inappropriate.’’ (Physician 11: orthopaedics, 1 year) 
114. “We don’t have the system in our phone or apps or laptops, unfortunately …There is room for improvement. The only disadvantage 

is sometimes, because, like, we don’t have a laptop or system at home, so they call us for approval for an antibiotic. All the information 
is given over the phone and not everyone is able to deliver the right message for you or the right clinical picture for you, so, sometimes, 
you don’t have the system, you don’t have the data for the patient, you don’t have the lab, you don’t know  anything and, like, the 
other physician consulting you during the on-call, the patient is very sick and in this situation, we need to give something broad 
because you don’t know because he is not delivering the right message and he didn’t know how to read microbiology. So, you will put 
all the consideration in your head and you will start empirically, even if you know you are wrong.” (Physician 14: infectious disease, 
5 years) 

115. “They prescribed it from the first dose and second dose, it depends. Sometimes we give them 24 hours. So, obstacle number one, that 
the system doesn't stop automatically because there is no restriction from the system itself. There is a restriction from the pharmacy 
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itself. Pharmacists, sometimes they don’t have enough time to review all the antibiotics and to see that, ‘Oh, this is, should we stop 
now? Where is the ID approval?’ So, if no one picks it up, the patient will be on until they either finish the course or there is a new 
change. So, they call us to review.” (Physician 15: infectious disease, 12 years) 

116. “Sometimes, making sure that, like, everybody has authority. Sometimes there's miscommunication between the pharmacy and the 
team. I find, like, for example, an order has been saved by an ID specialist but, like, a rotating ID specialist, the pharmacy doesn't 
recognise me, so it drops from the system and the patient doesn't get the antibiotic. I could see that happening.’’ (Physician 2: internal 
medicine, 1.5 years) 

117. “We have a lot of issues with the IT department because we have requested multiple times from them that we need to have a few  
medications which are too broad-spectrum, like meropenem, imipenem, vanco, to be prescribed only for specific days and to drop 
from the system automatically, which has not yet been implemented. They said it needs a lot of power and money, financial support. 
So, this is what we need and we have asked them multiple times.’’ (Physician 15: infectious disease, 12 years) 

118. “During the past three years. I remember only two lectures by the clinical pharmacy given to the internal medicine residents about 
antimicrobial prescriptions and resistance. And the issue is not only the pharmacy, the residents themselves did not attend half of 
them or more which is, I think, very important. " (Physician 8: internal medicine, 3 years) 

119. “There are some seminars and physicians can, and clinical pharmacists and nurses as well, attend these sessions about the antibiotics 
and these things. But, I still, I believe it still didn't reach the expected limit. So, I think we are a little bit behind in this matter …we 
didn't have continuous updates in regard to antibiotics, antimicrobial prescribing on a regular basis. So, I think we have some 
deficiency.’’ (Physician 5: neurosurgery, 1 year) 

120. “From my institution, there is no educational support’’ (Physician 4: orthopaedics, 5 years) 
121. “We don't have any education with regards to antimicrobial stewardship.” (Physician 2: internal medicine, 1.5 years) 
122. “Currently, no, it’s just self-training, self-reading. (Physician 9: emergency medicine, 16 years) 
123. “Generally speaking, there is no institution role in stewardship on antibiotics. But personal efforts and education about stewardship, 

some are doing personal efforts. At the hospital, in general, there is no education about antimicrobial stewardship. It’s only personal, 
one or two people, whoever is able to speak in general or to give a lecture about the stewardship.’’ (Physician 14: infectious disease, 
5 years) 

124. “We don’t interfere or interact with the microbiology lab in many cases of many diseases.’’ (Physician 4: orthopaedics, 5 years) 
125. “The micro lab, they don’t give us the identification of the organism immediately or, I mean, in the next few days. Sometimes they 

delay identification of organisms giving us the sensitivity panel of using the antimicrobial.” (Physician 7: internal medicine, 1 year) 
126. “We don't have an automated system for the antibiogram, MIC, other stuff. I mean that it is shown in our system. No, we have to call 

them and you have to go to them and discuss with them. What I mean is the MIC and other factors, we have to consider. Yeah; I think 
this is challenging.’’ (Physician 7: internal medicine, 1 year) 

127. “I didn't know the microbiology lab. How did they do the culture? Is it a technical issue? I don't know, but it's a clear infection.’’ 
(Physician 4: orthopaedics, 5 years) 
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128. “Definitely, 100%.’’ (Physician 15: infectious disease, 12 years) 
129. “An example would be, let's say somebody presenting with acute pyelonephritis in the ER. We have a high rate of ESBL in the hospital 

and we would prescribe patients a carbapenem, like meropenem, as a broad-spectrum pending the urine and blood culture.’’ 
(Physician 13: infectious disease, 10 years) 

130. “Definitely but it not available all the time, and it is very helpful. Like, for example, C. diff guidelines at my institution. We have an 
understanding that metronidazole can still be superior to vancomycin and it's less expensive and people are responding to it.  So, we 
definitely considered it.’’ (Physician 16: internal medicine, 10 years) 

131. “I don’t know what the antibiogram is.’’ (Physician 6: orthopaedics, 4 years) 
132. “The biogram is not that widely available. I actually had to contact micro labs to get a biogram of each microorganism, and its 

susceptibility to different antibiotics. But I don't think that's widely available and, even if it's available, I don't think that everybody 
knows how to use the biogram in order to implement it into his or her practice.’’ (Physician 2: internal medicine, 1.5 years) 

133. “I've never seen them actually use it.’’ (Physician 11: orthopaedics, 1 year) 
134. “Some antibiotics are restricted to be approved by the ID, like meropenem. Also, tazocin, I can give only one dose, then I must take 

the approval from ID.’’ (Physician 10: ear, nose and throat, 1 year) 
135. “We are not really involved in this restriction much but, usually, if we are ordering, we will put in the comment that it’s an order for 

the ID.’’ (Physician 6: orthopaedics, 4 years) 
136. “Obstacle number one, that the system doesn't stop automatically because there is no restriction in the system itself. There is a 

restriction from the pharmacy itself. Pharmacists, sometimes they do not have enough time to review all the antibiotics and to see 
that, ‘Oh, this is, should we stop now? Where is the ID approval?’ So, if no one picks it up, the patient will be on it until they either 
finish the course or a new change happens. So, they call us to review.” (Physician 15: infectious disease, 12 years) 

137. “I don't think that [policy] impacted me. No, not really. I just do what is appropriate for my patients.” (Physician 12: emergency 
medicine, 9 years) 

138. ‘‘The restriction regarding any big guns, any broad-spectrum antibiotics, that restriction made me think twice before I prescribed. 
What's the reason and how to explain it to the ID team, to pharmacy, to allow me to prescribe a medication? So, it helped me a lot 
and made me improve.’’ (Physician 4: orthopaedics, 5 years) 

139. “It restricts my use. I think it encourages me to contact the ID, the specialists to, to make it a wider decision.’’ (Physician 10: ear, nose 
and throat, 1 year) 

140. “It's not really helpful because the only restriction is for single like agents meropenem, Pip-tazo or tazocin, which is 
piperacillin/tazobactam so I don't know, like if it’s helpful so much. They’re just trying to keep certain antibiotics, but they are stil l 
being used very generously so I can't say that that's been helpful …Because this is not comprehensive, so it allows for other  
compensation or other physicians from the team to find ways to still prescribe a broad-spectrum.” (Physician 16: internal medicine, 
10 years) 
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 141. “I remembered facing a couple of issues with a couple of patients that, yes, me and the team, we saw that a certain antibiotic was 
more suitable for the patient and the patient was responding to it. However, it was restricted. So, we had trouble getting to an 
agreement between both the ID team and our team. So, if it was open, not restricted, it would have been offered from the beginning.’’ 
(Physician 3: orthopaedics, 2 years) 

142. “Prescribing a broad-spectrum antibiotic needs ID’s approval. That could delay appropriate antimicrobial therapy being administered 
in proper time. Like, there is a delay in patient care, which I think is a concern …For example, like I said, prescribing antibiotics without 
getting ID approval, like prescribing, like one dose of antibiotics. So, ID approve the dose or approve the regimen or whatever. If I 
don't do that, there's a delay in patient care. Like, the ID team maybe has, like, six, seven consults at the same time and they are 
getting all the pieces together. But, by the time they review all the cases, that's seven hours without being, without the patients being 
administered the proper medication. (Physician 2: internal medicine, 1.5 years) 
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3.4.2.2.2 Physician-related factors  

Physician-related factors were reported to influence broad-spectrum antimicrobial 

prescribing. This section will present these factors as reported by the participants. 

Some participants reported the use of guidelines as an information source for broad-

spectrum antimicrobial prescribing. They referred to the use of infection-related 

international guidelines, such as the IDSA practice guidelines (Quote 18, Table 3.6). 

Other participants referred to the use of guidelines that are specialised in their area 

rather than general infection-related guidelines. Examples provided were the use of 

the Orthopaedic Society-related guidelines and the American Society of Emergency 

Medicine updated pocket guide (Quote 19-20, Table 3.6). Moreover, they reported 

that international guidelines were used by different levels of healthcare 

professionals, including ID specialists and clinical pharmacists (Quote 21, Table 3.6). 

Some participants reported that they followed guidelines for procedures and 

preoperative indications only, while others reported the use of guidelines in 

situations where support from a senior or experienced physician was unavailable 

(Quote 22-24, Table 3.6). With respect to the use of clinical decision support tools, 

some participants reported the use of support tools, such as Stanford Guide, 

UpToDate, Lexi-Comp and John Hopkins antibiotic guide (Quote 25-26, Table 3.6). 

Participants referred to the use of other resources, such as the New England Journal 

of Medicine, for exceptional or undiagnosed cases (Quote 27, Table 3.6). Some 

participants reported the availability of institutional guidelines for certain infections 

like febrile neutropenia, septic shock, pneumonia and bacteraemia, while others 

were not aware of the availability of such guidelines at their institution (Quote 28-29, 

Table 3.6). Moreover, the participants reported having two types of antimicrobial 

guidelines: infection-related and drug-related. Some local guidelines were available 
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for common infections; for example, clinical guidelines for pneumonia and sepsis and 

drug guidelines for ertapenem and meropenem (Quote 30, Table 3.6). 

The use of the Institutional Pharmacy Pocket Book in prescribing broad-spectrum 

antimicrobials was reported. However, it was noted that only a few physicians were 

aware of the pocket guide which was provided by the pharmacy (Quote 31, Table 

3.6). The use of the updated MOH local antimicrobial guidelines was mentioned as a 

guide for prescribing broad-spectrum antimicrobials (Quote 32, Table 3.6). Text 

books as guidance for broad-spectrum antimicrobial prescribing was also reported 

(Quote 33, Table 3.6). The participants stated different degrees of awareness of 

certain guidelines as some were not familiar with specific guidelines for broad-

spectrum antimicrobial prescribing (Quote 34, Table 3.6). 

The participants had a general agreement that their experiences had had an influence 

on their broad-spectrum antimicrobial prescribing practices. Moving through the 

medical profession, individual experience became a predominant impact in broad-

spectrum antimicrobial prescribing decisions (Quote 35, Table 3.6). Meanwhile, other 

participants reported that they rely on evidence more than their experience, 

although they still recognise the role of their experience in prescribing (Quote 36, 

Table 3.6). The participants who reported that their experiences had influenced their 

broad-spectrum antimicrobial prescribing practices stated two contradictory 

opinions. Some participants stated that, as they accumulated more experience, they 

became aware of not prescribing broad-spectrum antimicrobials when there were no 

indications (Quote 37, Table 3.6). Others stated that their experience has encouraged 

them to use more broad-spectrum antimicrobials (Quote 38, Table 3.6). 

Senior physicians depend on their personal professional decisions and the desire to 

freely select what they think and decide to be the most suitable broad-spectrum 
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antimicrobial. This may include making broad-spectrum antimicrobial prescribing 

judgements that overrule the ID specialist’s or clinical pharmacist’s 

recommendations (Quote 39, Table 3.6). Another factor was that sometimes 

physicians failed to contact the ID team or the clinical pharmacist to save time and to 

avoid difficult professional discussions or confrontations (Quote 40, Table 3.6). 

When a suspected infection did not respond to the prescribed antimicrobial therapy, 

the usual practice was to change the therapy to a broader spectrum (Quote 41, Table 

3.6).  

The participants mentioned that broad-spectrum antimicrobials were overused, 

regardless of the infection. It was reported that broad-spectrum antimicrobials being 

prescribed as “analgesia”. An example provided was the common practice of 

prescribing piperacillin/tazobactam for a simple UTI (Quote 42-44, Table 3.6). 

Emergency room physicians were described as being “generous” with the prescribing 

of broad-spectrum antimicrobials. They justified their liberal prescribing practice 

because of working in settings like the emergency room, where they faced 

undifferentiated cases on a daily basis (Quote 45, Table 3.6). 

Concern was expressed regarding the surgeons’ prescribing habits, where they 

tended to prescribe broad-spectrum antimicrobials because of their feelings that the 

patient needed them (Quote 46, Table 3.6). 

A lack of knowledge about broad-spectrum antimicrobials was considered a factor 

that drove inappropriate prescribing. Some participants noted the physicians’ lack of 

knowledge about indication and the side-effects of such agents (Quote 47, Table 3.6). 

In addition, it was highlighted that the physicians were not aware of the existing 

policy and procedures and were not following recommendations provided by ID 

specialists (Quote 48, Table 3.6). 
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Reluctance to access the policy, to read the guidelines and lack of interest in 

antimicrobial stewardship policies were considered factors that contributed to the 

overuse of broad-spectrum antimicrobials. ID specialists reported that most 

physicians tended to call them to ask about the policy instead of reading the policy 

from the hospital information system by themselves (Quote 49-50, Table 3.6). 

Participants were confident in the diagnosis and treatment of most common 

presentations of bacterial infection. However, they stated there were some occasions 

where they tended to prescribe broad-spectrum antimicrobials as a result of lacking 

confidence. These occasions included being uncertain about the diagnosis of rare 

infections, dealing with ID that had similar presentations and facing difficulty 

distinguishing between bacterial and viral infections. An example provided was the 

current pandemic of COVID-19, where participants faced difficulty in differentiating 

between a viral or bacterial cause, leading them to prescribe broad-spectrum 

antimicrobials (Quote 51, Table 3.6). Another example was the difficulty in 

differentiating between acute chest syndrome and pneumonia (Quote 52, Table 3.6). 

The participants described situations when they did not have clear information about 

their patients. Consequently, they had unclear or fewer data to evaluate and assess 

a clinical condition compared to conditions where clear data was available. This led 

and contributed to diagnostic uncertainty. An example was during on-calls, where 

the participants tended to prescribe broad-spectrum antimicrobials (Quote 53, Table 

3.6). 

Perceived risks of undertreatment by not prescribing broad-spectrum antimicrobials 

seemed to impact the prescribing decision. Participants used terms such as ‘‘face our 

fear’’, ‘‘safe’’, ‘‘comfortable’’ and ‘‘benefit’’ to justify their decisions to prescribe the 

antimicrobials (Quote 54-57, Table 3.6). 
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The participants reported several situations where they perceived the risk of 

undertreatment, which resulted in prescribing broad-spectrum antimicrobials. First, 

there may have been a perceived risk of under-covering the condition of a patient 

who came from outside the hospital where the patient was being treated, according 

to the hospital local antibiogram, and there was no improvement (Quote 58, Table 

3.6). Second, there may have been a perceived sense of alarm where the participants 

felt concerned about the possibility of there being a severe infection (Quote 59, Table 

3.6). Third, there may have been a perceived risk of undertreatment in challenging 

situations: like, for example, emergency room settings and during on-calls (Quote 60-

61, Table 3.6). Fourth, there may have been a perceived risk of not treating the 

patient properly in the first instance, such as in an emergency room, where the 

patient gets the initial doses of the antimicrobial and is then admitted to the hospital 

(Quote 62, Table 3.6). 

3.4.2.2.3 External factors 

In daily practice, seniors are usually consulted regarding broad-spectrum 

antimicrobial prescribing, especially if a consultant is the primary physician who is 

responsible for the patient (Quote 63, Table 3.6). Junior participants recognised that 

their prescribing decisions were strongly impacted by their senior colleagues. Some 

participants agreed with the senior’s decisions on broad-spectrum antimicrobial 

prescribing and acknowledged their role in explaining and justifying the reason 

behind these decisions (Quote 64, Table 3.6). Meanwhile, others described receiving 

pressure from their seniors to prescribe broad-spectrum antimicrobials. Therefore, 

they tended to prescribe broad-spectrum antimicrobials even if they disagreed with 

the need for the prescription (Quote 65, Table 3.6). 
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Working in a multidisciplinary hospital allows the participants to consult the ID 

specialist in any case of infection. However, different levels of ID specialist 

involvement were reported. Some participants talked about the involvement of the 

ID specialists in every prescription of broad-spectrum antimicrobials. They recognised 

the impact of their role on the control of broad-spectrum antimicrobials prescriptions 

and on the reinforcement of the participant’s knowledge (Quote 66-67, Table 3.6). 

Others reported that they tended to contact ID specialists in uncertain cases. Thus, 

having a clear infection that was proven by a culture would make them decide not to 

contact the ID specialists (Quote 68-69, Table 3.6). 

Conversely, it was mentioned that participants contacted the ID specialist on rare 

occasions just to get approval for the prescribed broad-spectrum antimicrobials. The 

reason for having limited contact with the ID specialists was the result of being in a 

setting like the emergency room, where the patients suffering an emergency received 

one or two doses before they were admitted to the hospital or discharged (Quote 70, 

Table 3.6). 

Having an ID rotation as a part of the residency programme was very helpful as it 

made the physicians more aware of how to deal with different cases that needed 

broad-spectrum antimicrobials and also made them aware of their different 

mechanisms that led to the preference of one antimicrobial in certain disease 

compared to others (Quote 71, Table 3.6). The ID rounds seemed to add very valuable 

and helpful discussions about the patient therapy and they helped to monitor their 

improvements. However, some participants reported raising concern about having 

only one round per week, where there was a lack of good tracking of the patients’ 

improvements (Quote 72, Table 3.6). Others reported that there were no ID rounds, 

which affected the communication with the ID specialist team (Quote 73, Table 3.6). 
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There were different views regarding the influence of other colleagues in broad-

spectrum antimicrobial prescribing. It was mentioned that colleagues had no 

influence (Quote 74, Table 3.6). Meanwhile, other participants reported that their 

colleagues had an impact, particularly if they had experience with antimicrobials. 

They reported the practice of taking the opinion from an experienced colleague 

rather than looking at a guide for uncommon infections (Quote 75, Table 3.6). 

Another participant noted the influence of experienced colleagues (Quote 76, Table 

3.6). Seeking advice from other colleagues was reported in situations where limited 

physicians are available, like during on-calls (Quote 77, Table 3.6). 

Seeking agreement with other colleagues or teams on prescribing practices varied 

between the participants. This section will present these variations and will consider 

the issue of disagreement on an individual and team level, as reported by the 

participants. On an individual level, participants reported various degrees of 

agreement with their colleagues broad-spectrum antimicrobial prescribing practices 

(Quote 78-80, Table 3.6). 

Some participants found it difficult to talk about other physicians who prescribed 

unnecessary broad-spectrum antimicrobials. One reason was that, although their 

decision to prescribe broad-spectrum antimicrobials may seem questionable, the 

participant pointed out that the therapy had already been given to the patient (Quote 

81, Table 3.6). Another reason was that some colleagues get “offended” and are “very 

sensitive” when questioned about their decisions. As a result, the participants 

stopped providing feedback to them about their prescribing practices (Quote 82, 

Table 3.6). On a team level, it was reported that the ID team makes wiser choices 

because they are the specialists, while the primary physician goes with what is safe 
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to cover everything (Quote 83, Table 3.6). Some participants stated that, if a 

disagreement arose between the primary team who was responsible for the patient 

and the ID team, usually, they would follow the primary team’s decision (Quote 84, 

Table 3.6). In contrast, other participants mentioned that the ID team would decide 

if disagreement occurred between teams (Quote 85, Table 3.6). It was reported that 

sometimes when disagreements happened, both teams tried to discuss the pros and 

cons of the selected therapy (Quote 86, Table 3.6). Disagreement was reported to be 

common on either to continue the patient on broad- spectrum antimicrobials or 

discontinue them and discharge him or her (Quote 87, Table 3.6). 

Other healthcare professionals may be influential, including clinical pharmacists. 

Several participants described the role of clinical pharmacists in broad-spectrum 

antimicrobial prescribing and there were mixed views on their role. Some participants 

perceived a positive role. They used terms such as “very helpful” and “safety net” to 

express this (Quote 88-90, Table 3.6). Having an ID clinical pharmacist was found to 

be very helpful in identifying and monitoring patients who were on restricted broad-

spectrum antimicrobials (Quote 91, Table 3.6). Furthermore, the availability of clinical 

pharmacist during both daytime and on-call time was noted (Quote 92, Table 3.6). 

Also, the clinical pharmacist has a role in providing lectures and antimicrobial pocket 

guides which contribute to the improvement in the appropriateness of broad-

spectrum antimicrobial prescribing (Quote 93-94, Table 3.6). 

In contrast, different experiences were reported by some participants who stated 

that they did not have direct or regular encounters with the clinical pharmacy, as 

other specialities do (Quote 95, Table 3.6). Also, others reported seeing the clinical 

pharmacist only a few times during the year. It was reported that the clinical 

pharmacist was involved in the rounds in ICU settings but not in non-ICU settings 
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(Quote 96-97, Table 3.6). There was a concern about having students who were under 

training in the Clinical Pharmacy Department instead of having the clinical 

pharmacist, which was considered unhelpful (Quote 98, Table 3.6). Other participants 

restricted their role in dosing and therapeutic drug monitoring for some broad-

spectrum antimicrobials like vancomycin, leaving this to the clinical pharmacist 

(Quote 99, Table 3.6). It was added that there was no such role for the clinical 

pharmacist in the decision of prescribing broad-spectrum antimicrobials and that 

their role was usually to re-approve an antimicrobial that had automatically stopped 

in the system (Quote 100, Table 3.6). 

Workload was stated as a factor that might influence broad-spectrum antimicrobial 

prescribing. It was reported that it is difficult for the ID specialists to submit all the 

orders for broad-spectrum antimicrobials for all the hospitalised patients (Quote 101-

102, Table 3.6). 

Antimicrobial shortages were mentioned by several participants as one of the factors 

that influences broad-spectrum antimicrobial prescribing. They used words such as 

“lack”, “run out”, “shortage” and “availability” to address this factor (Quote 103-105, 

Table 3.6). The influence of antimicrobial shortages was presented from two different 

viewpoints: broad-spectrum and narrow-spectrum antimicrobial shortage. Some 

participants reported prescribing broad-spectrum antimicrobials in some cases 

where it was not indicated due to the unavailability of narrower spectrum medication 

at the hospital formulary (Quote 106, Table 3.6). Another point of view was the 

situation involving the unavailability of broad-spectrum antimicrobials which ends up 

in contacting the clinical pharmacist to review the circumstances and discuss the best 

and optimal options, which may be a narrower spectrum medication (Quote 107, 

Table 3.6). 
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The cost was reported as a factor that might influence broad-spectrum antimicrobial 

prescribing. Some participants reported considering the cost in situations where they 

were aware of it (Quote 108-109, Table 3.6). On the other hand, those participants 

working in a governmental hospital reported that they did not consider the cost. 

However, working in a private hospital, some participants may consider the cost of 

the broad-spectrum therapy (Quote 110-111, Table 3.6). Some participants believed 

that they would consider the cost when prescribing in the future with the new vision 

of the KSA, which is privatisation (Quote 112, Table 3.6). 

Participants identified different factors related to the hospital system that influence 

their broad-spectrum antimicrobial prescribing. They mentioned having red flags in 

the system, allowing further review by the clinical pharmacist if inappropriate 

prescribing was prevalent (Quote 113, Table 3.6). Some participants reported having 

no access to the system in their phones or laptop, which is considered to be a factor 

that influences their prescribing. They reported that they tended to prescribe broad-

spectrum antimicrobials during on-calls just because they did not have access to the 

system where they could view the patient’s information (Quote 114, Table 3.6). 

The process of broad-spectrum antimicrobial restriction is done manually instead of 

being done by the system. Basically, the pharmacist will stop the order after the first 

or second dose until there is ID approval. However, sometimes they miss it and the 

patient goes onto the broad-spectrum antimicrobial without ID approval (Quote 115, 

Table 3.6). As a result of the manual restriction process, the participants reported 

that the order sometimes drops from the system as the pharmacist does not 

recognise the new resident, who has been rotated in the ID, as an authorised 

physician to prescribe broad-spectrum antimicrobial (Quote 116, Table 3.6). It was 

reported that the issue of manual restriction was requested several times from the 
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IT department while they stated that it needed power and financial support (Quote 

117, Table 3.6). 

Institutional support in terms of education and training is considered a factor that has 

impacted broad-spectrum antimicrobial prescribing. Some participants reported the 

usefulness of antimicrobial-related lectures. However, there were only a few lectures 

and few physicians attended them (Quote 118, Table 3.6). The participants who 

reported having a few seminars about antimicrobials believed that it still did not 

reach the expected level of educational support from the institution. Also, they 

pointed out the lack of continuous updates related to antimicrobials (Quote 119, 

Table 3.6). Some participants reported that there was no educational support at the 

institution (Quote 120, Table 3.6). 

Moreover, some participants reported that there was no institutional role in 

antimicrobial stewardship education, and it was mainly a personal effort. Participants 

mentioned words like “self”, “personal efforts”, “self-training” and “self-reading” to 

describe how there was no institutional support (Quote 121-123, Table 3.6). 

The participants reported that microbiology test results had an influence on their 

broad-spectrum antimicrobial prescribing. Having little interaction with the 

microbiology lab was also reported (Quote 124, Table 3.6). They stated three 

different issues related to microbiology test results. The first issue was the length of 

time needed to receive the culture results. Some participants reported delays in 

obtaining them, particularly during weekends, which led to the prolongation of the 

therapy (Quote 125, Table 3.6). The second issue was the way of reporting the results. 

The participants raised a concern about not reporting the minimum inhibitory 

concentration (MIC) in the system, meaning they have to phone the microbiology lab 

to get this information (Quote 126, Table 3.6). The third issue was related to the 
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reporting of negative results where some participants believed that the results 

should have been positive, indicating a technical issue related to the microbiology lab 

(Quote 127, Table 3.6). 

The hospital antibiogram was considered to be a factor of influence. Some 

participants reported the use of hospital antibiograms for prescribing broad-

spectrum antimicrobials. Prescribing meropenem for pyelonephritis according to the 

antibiogram was provided as an example for the use of the hospital antibiogram in 

the decision to prescribe the therapy (Quote 128-129, Table 3.6). Another example 

was the use of metronidazole for C. difficile instead of using vancomycin, which is 

more expensive (Quote 130, Table 3.6). While other participants stated that they had 

no idea about what the hospital antibiogram was (Quote 131, Table 3.6). 

Several issues were reported related to the hospital antibiogram. First, it was not 

easily accessible. Second, some participants were unfamiliar with the integration of 

the antibiogram into practice. Third, it was not commonly used in the hospital (Quote 

132-133, Table 3.6). 

Participants mentioned having restrictive policies on some of the broad-spectrum 

antimicrobials which allows them only to prescribe the first and second doses, then 

they need to have an ID specialist’s approval. Examples of the restricted broad-

spectrum antimicrobials were meropenem, imipenem, piperacillin-tazobactam, 

vancomycin, ceftazidime and colistin (Quote 134, Table 3.6). Approval can be either 

by physicians entering the order under the name of the ID specialist themselves or it 

can be easily done by writing a comment that the dosage was approved by someone 

from the ID (Quote 135, Table 3.6). The process of restricting the broad-spectrum 

antimicrobials to an ID specialist was not done automatically but was done manually 

by a pharmacist. Therefore, if the pharmacist does not recognise the broad-spectrum 
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antimicrobial as a restricted agent, it will continue to be issued automatically (Quote 

136, Table 3.6). There were mixed views on the impact of policy on broad-spectrum 

antimicrobial prescribing. Some participants reported that there was no impact 

(Quote 137, Table 3.6). Other participants reported being influenced by the policy 

both ways, positively and negatively. Some reported that the policy made them think 

before they prescribed the broad-spectrum medication (Quote 138, Table 3.6). Also, 

it was reported that the policy encouraged more discussion with the ID specialist 

(Quote 139, Table 3.6). Conversely, some participants viewed this policy as being 

unhelpful as these antimicrobials were still being overused (Quote 140, Table 3.6). 

Another concern is that in some cases, despite the need for the broad-spectrum 

antimicrobials, the participants faced difficulty sometimes in getting ID approval 

(Quote 141, Table 3.6). Moreover, delay in getting the approval sometimes was 

another concern which led to delay in the administration of the antimicrobials, 

therefore, delaying patient care (Quote 142, Table 3.6). 

3.4.2.3 Antimicrobial stewardship practices  

For antimicrobial stewardship practices, the identified practices were taking a 

culture before administering the antimicrobial therapy, de-escalation therapy and 

IV to oral. These practices are discussed in the following section. Table 3.7 

illustrates supporting quotes. 

 

3.4.2.3.1 Taking a culture before administering the antimicrobial therapy 

For suspected infections, blood and urine cultures were requested before initiating 

the broad-spectrum antimicrobial therapy. However, there were some situations 

where cultures were not taken. For severely ill, hypotensive and haemodynamically 

unstable patients or if there was any difficulty in taking the cultures, for example, in 
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getting a line from the patient, some participants reported that they would not wait 

to take the culture and would start the patients on the therapy immediately (Quote 

1-3, Table 3.7). Moreover, it was mentioned that a culture would not be requested 

for a patient who had already received the broad-spectrum antimicrobial therapy 

from other teams or departments (Quote 4, Table 3.7) Also, for common infections 

where the causative organisms are predicted, some participants may not take culture 

for cost-effectiveness (Quote 5, Table 3.7). Having a culture that had been taken on 

the same day or the day before was a reason for participants not to request one 

(Quote 6, Table 3.7). Having previous cultures that show the same bacteria several 

times is considered to be a factor that leads some participants not to request a 

culture (Quote 7, Table 3.7). In addition, some participants stated that during on-calls 

and weekends, they might face some delays in taking the culture (Quote 8, Table 3.7). 

Also, forgetting to order a culture for a patient is an issue that might happen 

sometimes (Quote 9, Table 3.7). For some infections, for example, CNS (Central 

nervous system) infection, broad-spectrum antimicrobials will be started before 

doing the lumbar puncture and the culture is sent. Another example is an infected 

joint prosthesis, where the culture is taken intraoperatively (Quote 10-11, Table 3.7). 

In the emergency room, it was reported that, according to recent updates in 

emergency medicine, it is recommended to start the broad-spectrum antimicrobial 

before taking culture. In addition, it was reported that it is the responsibility of the 

admission team to request a culture; thus, in settings like the emergency room, the 

participants reported that they did not take cultures before starting the broad-

spectrum antimicrobials (Quote 12, Table 3.7) 

Taking a sputum culture was not common practice, and was only seen in the ICU for 

intubated patients if requested. The participants reported such a practice in the 
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emergency room and for CAP (Quote 13-14, Table 3.7). Some participants justified 

the practice of not taking a culture being out of their control. They reported being 

dissatisfied with the nurses’ practices of not taking a sputum culture, which they 

justified by saying that they could not take sputum from the patient. However, when 

the participants saw the patient, they complained of having sputum (Quote 15, Table 

3.7) 

3.4.2.3.2 De-escalation therapy 

The participants acknowledged the practice of de-escalating the broad-spectrum 

antimicrobial therapy to narrow-spectrum therapy. They reported mixed views on 

de-escalation practices at their institution (Quote 16-17, Table 3.7). However, they 

felt uncertain about de-escalating  broad-spectrum antimicrobial therapy to narrow-

spectrum antimicrobial when a patient was severely ill. Even if the culture indicated 

sensitivity to narrow-spectrum, they would wait until their condition becomes stable 

(Quote 18, Table 3.7). Some patients spike a fever after de-escalating the therapy, 

leading to the re-initiation of the broad-spectrum antimicrobial therapy (Quote 19, 

Table 3.7). Also, the delay in getting the culture and sensitivity results must be 

considered; for example, a culture that was taken during the weekend is a factor for 

not de-escalating the broad-spectrum antimicrobial therapy. Some participants 

mentioned the situation where they needed to do more tests for antimicrobials that 

were not in the usual antimicrobials list, which would take additional time (Quote 20, 

Table 3.7). Antimicrobial-related issues were mentioned as reasons for not de-

escalating the therapy. This included drug unavailability and there being side-effects 

to the sensitive antimicrobial. Also, in some cases, the pharmacokinetic properties of 

the sensitive antimicrobial make it unsuitable for certain organs such as the CNS 

(Quote 21, Table 3.7).
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Table 3.7: supporting quotations for antimicrobial stewardship practices theme 

Subtheme Supporting quotations 

Taking a culture 
before 
administering 
the 
antimicrobial 
therapy 

1. “Whenever I think I'm going to use a broad-spectrum antibiotic to cover for or, kind of, especially for cases with sepsis, I always consider 
a urine culture and blood culture …But I would never wait for that if they kind of have difficulty. I wou ld start the antibiotic as soon as 
possible.’’ (Physician 12: emergency medicine, 9 years) 

2. ‘‘I think if the patient is very sick, hypotensive, haemodynamically unstable we will start even without taking the cultures …It will take 
time and the patient is unstable. So, we will start him on the antibiotic’’ (Physician 10: ear, nose and throat, 1 year) 

3. “Sometimes the nurses called me if there is a difficulty to get a line for a patient”. (Physician 8: internal medicine, 3 years) 
4. “Sometimes, we receive a patient who has already received the antibiotic from emergency, from the medical team, from ICU, before 

taking our opinion.” (Physician 1: surgery, 8 years) 
5. ‘‘Common infections with an expected organism, in such cases I usually don't send a culture …I don’t send for the cost-effectiveness.” 

(Physician 5: neurosurgery, 1 year) 
6. “The only condition that I wouldn't is if he already has had a culture taken within the day, the same day or the day before, and we don't 

have the results.’’ (Physician 2: internal medicine, 1.5 years) 
7. “If I know that the patient has this bacterium, he's always come with this bacterium multiple times …This is the only reason that I might 

give broad-spectrum antibiotics before taking a blood culture.’’ (Physician 6: orthopaedics, 4 years) 
8. “At times, when it's during on-calls and weekend, I might face a delay.” (Physician 5: neurosurgery, 1 year) 
9. “Sometimes the order, for example, the physician didn’t make an order for the culture.’’ (Physician 15: infectious disease, 12 years) 
10. “For the CNS, yeah, I would start the antibiotic then we would do the lumbar puncture and get the culture sent. But I would start the 

antibiotic first.’’ (Physician 12: emergency medicine, 9 years) 
11. “For an infected joint prosthesis, the culture is taken intra-op so we start the patient on antibiotics and we take an intra-op 

[intraoperative] culture, so we can know exactly what organism that we're dealing with.’’ (Physician 11: orthopaedics, 1 year) 
12. “Usually I don't, I start the broad-spectrum antibiotic and, if the patient is for sure for admission, the admitting team, they usually take 

a culture of the patient. But personally, I don't …Because of the recent updates and the emergency medicine research has shown 
antibiotics should start as soon as possible. So, I usually don't do the cultures before starting the antibiotics.’’ (Physician 9: emergency 
medicine, 16 years) 

13. “The sputum culture is not really common.” (Physician 12: emergency medicine, 9 years) 
14. “I only saw a sputum culture in the ICU for an intubated patient. They send an endotracheal tube if you request it.’’ (Physician 15: 

infectious disease, 12 years) 
15. “Unfortunately, they don’t do it [sputum culture], either because they are not aware of it or it is out of their control. For example, always 

for pneumonia patients, we ask them to send a sputum culture before starting the antibiotic because we will de-escalate, or even up-
escalate, the option of the antibiotic depending on the isolates. Most of the time, especially at our hospital, the nurses don’t do sputum 
culture and always justify that by saying that the patient didn't have sputum. However, when you go to the patient, he complains of 
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sputum production. So who do I trust? Our problem is in the sputum. However, they like blood culture because it’s easy - extract the 
blood samples and take the blood for culture …It is, most of the time, the nurses who are responsible …It’s the biggest problem that we 
face at our hospital. Before, it was not an issue but now I noticed this practice without knowing the reason behind it. Is it  because the 
nurses are busy? But this is a factor why they didn't send the sputum culture in a lot of cases.’’ (Physician 15: infectious disease, 12 
years) 

De-escalation 
therapy 

16. “It is somehow [de-escalation] not common, I would say.” (Physician 7: internal medicine, 1 year) 
17. ‘‘I would say I de-escalate probably, like, 75% of the time.’’ (Physician 15: infectious disease, 12 years) 
18. ‘‘Sometimes I don't de-escalate, for example, to ceftazidime, because he's still in septic shock …When the patient’s situation stabilises, 

I will consider de-escalation to the narrowest targeted antibiotic option.’’ (Physician 15: infectious disease, 12 years). 
19. “We have cases that we downgrade and the patient spikes the fever so, we put them again on the broader spectrum.’’ (Physician 8: 

internal medicine, 3 years) 
20. ‘‘There are scenarios when the results take a while to come out, let's say during the weekend …And, if you have a drug that is not 

sensitive to the usual antimicrobials, they do have to run more tests to check for the sensitivity, so that, that takes extra time 
…There's just one day or like two days left for that antimicrobial, so sometimes, honestly, I don't change this, which I kind of know is 
wrong.’’ (Physician 2: internal medicine, 1.5 years) 

21. “Sometimes, we face difficulties with the pharmacy, not having some antibiotics, some antibiotics have some side-effects, some 
antibiotics are not suitable for such organs like the brain, for example. Not all antibiotics will cross to the brain cell, although an 
organism is sensitive to this antibiotic.” (Physician 5: neurosurgery, 1 year) 

IV to oral switch  22. “Whenever it's possible, if I have a patient who can swallow a tablet and has no vomiting and no issues and he's stable and conscious, 
I usually go with oral antibiotics.’’ (Physician 9: emergency medicine, 16 years) 

23. “85 to 90%, we are continuing the full dose IV antibiotic.” (Physician 4: orthopaedics, 5 years) 
24. “Most of the time, if it’s infection or prophylactic, it depends. If it’s infection, not so much, if it’s prophylactic, yes.” (Physician 1: surgery, 

8 years) 
25. “If the patient tolerates, usually we do it in GS [general surgery], paediatric surgery and also in the ICU, if the patient tolerates orally, 

we immediately encourage him to shift from the IV to oral …It is a very common practice, especially in surgical areas, where taking 
therapy orally is more favourable than IV.’’ (Physician 10: ear, nose and throat, 1 year) 

26. “As soon as possible, because, as I mentioned, we tend to like, we like our patients in orthopaedics, we like them to move, to be mobile 
as soon as possible.” (Physician 11: orthopaedics, 1 year) 

27. “Sometimes, we do it for patient preference.’’ (Physician 3: orthopaedics, 2 years) 
28. “When we want the patient to go from the hospital, this is the only, the only reason that we change IV to oral. But usually, once the 

patient is an inpatient, IV is the one …Depends on if the patient will be discharged’’ (Physician 6: orthopaedics, 4 years) 
29. “A lot of times, from IV to oral, if the patient is for discharge …Probably yes. I never switched from IV to oral not necessarily because it's 

wrong practice, it's just that it's not something that I've done, switch to oral, usually on discharge …From IV to oral there's nothing 
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against the de-escalation from IV to oral, it’s just something that we haven't done …It's just that, routinely, we only change it when the 
patient's ready for discharge. But, like I said, I probably, we should change it while the patient is already hospitalised. For example, 
azithro [azithromycin] can be given orally or through IV. We tend to give it by IV with pneumonia. There's nothing against giving it 
orally, it's just something we do.” (Physician 2: internal medicine, 1.5 years) 

30. “We tried just to avoid the oral, although we can switch to oral, but sometimes, the patient is sick so will not risk it and give oral while 
we can give IV.’’ (Physician 14: infectious disease, 5 years) 

31. “We think, we believe in and we studied that, that the efficacy of the IV antibiotic is much more than the oral antibiotic.’’  (Physician 1: 
surgery, 8 years) 

32. “Usually the infection disease consultation team, they have the authority to change the antibiotics whenever they think that it is 
indicated. Sometimes, they're not calling us as the primary team, they're changing it by themselves.”  (Physician 7: internal medicine, 
1 year) 
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3.4.2.3.3 IV to oral switch  

Some participants reported making an IV to oral switch whenever possible for 

hospitalised patients unless there was no option for the oral forms. However, it was 

reported that an IV to oral switch was not common practice for hospitalised patients 

(Quote 22-23, Table 3.7). Reasons for IV to oral switch were multifactorial and the 

switch was not based on an antimicrobial perspective. With a prophylactic indication, 

participants may switch to an oral formulation (Quote 24, Table 3.7). Moreover, 

participants identified the role of patients’ conditions in influencing their decision to 

convert from IV to oral therapy. They reported the common practice of conversion 

from IV to oral for surgical patients where the oral route was more favourable than 

IV, like in general surgery, where patients are encouraged to take oral forms of 

antimicrobials. Another example was where participants preferred switching to oral, 

such as in orthopaedics patients wishing to enhance their mobility (Quote 25-26, 

Table 3.7). Also, patient preferences were reported as another factor for considering 

an IV to oral switch (Quote 27, Table 3.7). Furthermore, it was reported that discharge 

was the only reason for IV to oral switch (Quote 28, Table 3.7) 

Several reasons for not converting the IV to oral therapy, although indicated, were 

suggested. Some participants noted the habit of keeping the patient on an IV 

antimicrobial rather than switching to oral even if the oral form could be prescribed, 

and it was just something that they were used to doing in their practice. They gave 

an example of cases of pneumonia, where they tended to give IV azithromycin, 

although oral azithromycin could be given (Quote 29, Table 3.7). Another reason that 

was identified was that treating patients with IV antimicrobials provides some 

physicians with a feeling of security, particularly with severely ill patients (Quote 30, 
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Table 3.7). In addition, some participants expressed a belief and offered evidence 

that IV antimicrobials held additional efficacy over oral antimicrobials (Quote 31, 

Table 3.7). Furthermore, it was reported that the decision to switch from IV to oral 

therapy was the responsibility of the ID team (Quote 32, Table 3.7). 

 



 

181 
 

 

3.4.2.4 Recommendations to improve appropriate broad-spectrum antimicrobial 

prescribing  

When asked about recommendations to improve appropriate prescribing of broad-

spectrum antimicrobials, the participants identified several areas that they 

considered had the potential to improve the appropriate prescribing of broad-

spectrum antimicrobials. These recommendations are discussed in the following 

section. Table 3.8 illustrates supporting quotes. 

4.4.2.4.1 Education, awareness and training  

The participants felt that it would be very useful to have educational sessions about 

broad-spectrum antimicrobials, such as lectures, seminars and workshops. These 

sessions may help them in the practice of appropriate prescribing of these 

antimicrobials (Quote 1, Table 3.8). The participants suggested having educational 

sessions about the pharmacokinetic and dynamics of broad-spectrum antimicrobials 

(Quote 2, Table 3.8). They further emphasised a desire for continuous and feasible 

education sessions that targeted all levels of physician, from juniors to consultants 

(Quote 3-4, Table 3.8). Some participants, however, felt that general education about 

antimicrobials was useless as they considered it a waste of their time and they did 

not want to know about other infections, justifying this point of view by saying that, 

even if they knew, they could not legally prescribe for any infections that were not 

under their specialities. They recommended having specific lectures that targeted 

each department, which would encourage them to attend because that would help 

them with prescribing in their specialities (Quote 5, Table 3.8). Some participants 

suggested that there was a need to increase the period of ID training during 

residency. They reported that there was a variation in the period of the training in ID 



 

182 
 

compared to other specialities (Quote 6, Table 3.8). Mandatory stewardship courses 

for every physician, regardless of his or her speciality, was recommended by the 

participants. This course may help them to gain insight into the importance of the 

practice of antimicrobial stewardship and prevent the misuse of broad-spectrum 

antimicrobials, therefore decreasing AMR (Quote 7, Table 3.8). The participants 

further expressed a need for the incorporation of antimicrobial stewardship 

education during medical school (Quote 8, Table 3.8). In addition to education about 

broad-spectrum antimicrobials, awareness about AMR for different levels including 

physicians, patients and other healthcare professionals, was suggested (Quote 9, 

Table 3.8). 

4.4.2.4.2 Guidelines implementation 

Guidelines were reported and considered to be the mainstay of practice. The 

participants highlighted the need to implement clinically-based local 

guidelines that should be widely distributed to help and guide them on 

broad-spectrum antimicrobial prescribing (Quote 10, Table 3.8). They 

pointed out the importance of updating these guidelines frequently (Quote 

11, Table 3.8). The participants further stated a desire to have a quick and 

easy-to-use reference guide in the form of a phone application, pocket-sized 

pamphlets or printed charts for the treatment of common infections, 

causative organisms and the contraindications of using such antimicrobial 

agents (Quote 12-13, Table 3.8). 

4.4.2.4.3 The stewardship programme 

The participants expressed a need to implement a stewardship programme that 

would improve broad-spectrum antimicrobial prescribing. A stewardship programme 

was referred to as a “cornerstone” of practice (Quote 14, Table 3.8). It was suggested 
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that a stewardship programme should be comprehensive and not just limited to the 

use of broad-spectrum antimicrobials (Quote 15, Table 3.8). A suggested element of 

a stewardship programme was to have a multidisciplinary team which reviewed all 

the antimicrobial therapies in the hospital (Quote 16, Table 3.8). The participants 

recommended having rounds with the ID teams and the clinical pharmacists. Based 

on their experience, this type of round was very helpful in deciding the appropriate 

therapy for patients (Quote 17, Table 3.8). They further suggested that during the 

multidisciplinary rounds, there was a need to discuss the initiation and the 

continuation part of the therapy. Such discussions could prevent errors that emerged 

from miscommunication and, therefore, improve the practice of appropriate broad-

spectrum antimicrobial prescribing (Quote 18, Table 3.8). 

It was stated that audit and feedback are needed to improve the practice of broad-

spectrum antimicrobial prescribing. Audit can be done through programmes to track 

physician prescribing (Quote 19, Table 3.8). The participants further expressed a need 

for the initiation of a multidisciplinary committee to provide feedback to them about 

their prescribing, which could play an important role in minimising unnecessary 

antimicrobial prescribing (Quote 20, Table 3.8). 

4.4.2.4.4 Institution and technology-related recommendations 

The participants recommended having a checklist with specific criteria in the system 

to be filled before starting broad-spectrum antimicrobial therapy (Quote 21, Table 

3.8). Another suggestion was to have alerts in the system, after five days, as a 

reminder to change the antibiotic therapy or carry out an IV to oral switch, if indicated 

(Quote 22, Table 3.8). Having an application for contact numbers of the physicians 

covering the services during on-call was suggested as it is sometimes hard to get the 

number from the system (Quote 23, Table 3.8). Having remote access to the system 
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was recommended by some participants, when they reported the issues of not having 

clear information about the patient, while being on-call led them to prescribe 

antimicrobials which may be unnecessary (Quote 24, Table 3.8). The participants 

recommended having more clinical pharmacists to support them in broad-spectrum 

antimicrobial prescribing. They mentioned words such as “support”, “cooperation” 

and “help” to express their need for this service (Quote 25-26, Table 3.8). Some 

participants highlighted a desire to have a specialised on-board clinical pharmacist 

who would facilitate easy discussion of issues related to prescribing broad-spectrum 

antimicrobials (Quote 27, Table 3.8). 

Having quick culture results was suggested by some participants. They indicated that 

having the results more quickly could improve their broad-spectrum antimicrobial 

prescribing practices (Quote 28, Table 3.8). 
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Table 3.7: Supporting quotations for Recommendations to improve appropriate broad-spectrum antimicrobial prescribing theme 
Subtheme Supporting quotations 

Education, 
awareness and 
training  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. “We must have more educational sessions about the use of antibiotics, about dealing with a sick patient, when we should 
use a broad-spectrum, about the disadvantages of malpractice of the usage of broad-spectrum antibiotics.’’ (Physician 10: 
ear, nose and throat, 1 year) 

2. “A knowledge of the medication pharmacokinetics and dynamics can affect the practice. For example, if I know the 
pharmacodynamics and kinetics of some important medication, I know when to switch to oral, when to give this antibiotic 
and which antibiotic is better for this disease or the other, for example. If I give an example of MRSA infection, MRSA in the 
blood is different from MRSA in the tissue, and there are some antibiotics that have, like, a high volume of distribution and 
can go to the tissue and others stay in the blood as they have less volume of distribution. So, what I think is, when the 
physician knows more about the medications themselves and has read about them, they will get better with their 
prescription practice.’’ (Physician 8: internal medicine, 3 years) 

3. “These tools have to be feasible and continuous.’’ (Physician 16: internal medicine, 10 years) 
4. “It has to be tailored to each institution, to each level, so, you would start by targeting medical students, by giving them 

didactic lectures, let’s say teaching clinical presentations, and then you move on to your residents, junior and senior 
residents also giving them, again, education and teaching and then you have to move on to higher-level consultants.” 
(Physician 13: infectious disease, 10 years) 

5. “Education, to be honest, in the medical field, generally, if someone, for example, me, if there is an education in antibiotics, 
I will consider this waste of time to go there and attend an education session because I'm too busy. We have a lot of patients 
in the OR [operating room], we are busy in our on-call, busy in our clinics, we spend nine hours in the hospital daily. I don't 
have time to attend the lecture for 2-3 hours; surgeons will never attend. So, I don't think it will help unless it is departmental 
…This lecture, this teaching, will help us and we will attend this type of lecture. To attend an antibiotic lecture, I mean titled 
as antibiotic, no one will attend …For me there is no benefit in knowing the antibiotic treatment  for pneumonia because I 
will never treat pneumonia. Legally, I cannot do it. Legally, I cannot treat pneumonia even if I knew how.’’ (Physician 1: 
surgery, 8 years) 

6. “When it comes to the other departments, like internal medicine …They rotate in infectious disease twice during the whole 
four years …While they rotate in other departments more than us …So, it's a training variance when it comes to antibiotic 
or infectious disease-related issues as compared to others.’’ (Physician 15: infectious disease, 12 years) 

7. “There should be like mandatory stewardship programmes …For example, webinar course.’’ (Physician 13: infectious 
disease, 10 years) 

8. “What I think is an important thing for the antimicrobial stewardship and the practice of prescribing a broad-spectrum 
antibiotic is actually the knowledge before, in the medical school.’’ (Physician 8: internal medicine, 3 years) 

9. “Awareness for the physician, for the patient and for the staff.’’ (Physician 4: orthopaedics, 5 years) 



 

186 
 

Guidelines 
implementation 

10. “If there is any guideline, I would always go back to it. It says it is a mainstay of practice …If there is an institutional guideline 
that is backed up by international researchers or updated, I think it would be great.’’ (Physician 11: orthopaedics, 1 year) 

 

11. “I believe that institutions should have a regularly updated guideline regarding certain infectious diseases, so everyone is 
aware of what is the updated management guidelines for antimicrobial prescribing in this institute.’’ (Physician 5: 
neurosurgery, 1 year) 

12. “Maybe printing out charts, sometimes it can help. I mean, if we have a clear schedule, short and small schedule, of using 
such antimicrobial agents, the indications of using them, the contraindications.” (Physician 7: internal medicine, 1 year) 

13. “Maybe, like, having, like, a small pocket-sized, like, pamphlet or something, like, really small …Specially for the common 
infections, like, a quick summary of what you probably need to cover and how …Maybe like making it into a software , like 
an application that might help, like, make it quick to access for anyone from his phone.’’ (Physician 12: emergency 
medicine, 9 years) 

The stewardship 
programme 
 

14. “Stewardship. I think stewardship still needs to be implemented …I think stewardship is the cornerstone.” (Physician 7: 
internal medicine, 1 year) 

15. “Programmes like stewardship programme, to limit the use, a comprehensive programme is needed, not just restr icted to 
antibiotics or to certain antibiotics. So, that would be a holistic approach and it has to be continuous throughout the year 
and people should be allocated to this service.’’ (Physician 16: internal medicine, 10 years) 

16. “We need an antibiotic stewardship programme where we have a dedicated nurse, physician and clinical pharmacist only 
to review all the antibiotics. We are still lacking this in our institute.’’ (Physician 15: infectious disease, 12 years) 

17. “I used to work, like, in a big hospital where we did the rounds in the ICU and with the ID team, with the clinic. The MD 
pharmacist kind of guided us with the treatment. So yes, I think that was helpful and listening to their recommendations 
was a big factor in successfully treating the patients.’’ (Physician 12: emergency medicine, 9 years) 

18. “And they will discuss every patient, whether they need antibiotics or not, they need IV, and what the duration is and if we 
can downgrade or not. These simple questions kind of improve the quality of care and prescribing of antibiotics.” (Physician 
8: internal medicine, 3 years) 

19. “Feeding back to people who are prescribing and empowering them …Using technology to track how many antibiotics, so 
how many appropriate antibiotics, that you've used and how many of the broad-spectrum that you've used causes a side-
effect and that side-effect could be the patient you harmed by doing something …You need to report them to the person 
who prescribed that …So, these can be tracked by some sorts of a programme or something.” (Physician 16: internal 
medicine, 10 years) 

20. “If we want to improve that, I believe we need team work, we need, like, in each institute, we need a very active committee 
made up of the pharmacy, the clinical pharmacist and the infectious disease department. A small committee that goes into 
the hot areas like the emergency department, ICU, internal medicine wards and surgical wards and, if they just roam around 
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and they follow, we need them to follow, the antibiotic prescriptions from different departments and question why you 
have prescribed something that doesn't work in these conditions, this antibiotic usually works better. So, we need the 
feedback of our practice from this committee. I believe this will help us a lot in minimising unnecessary antibiotic 
prescription.’’ (Physician 9: emergency medicine, 16 years) 

Institution and 
technology-
related 
recommendations 
 

21. “For the ideas to improve the broad-spectrum, sometimes, in our system, there is an ad hoc tool …You have to fulfil these 
indications. I mean you have to answer the questions before prescribing the broad-spectrum antibiotic. I think this is a good 
idea.” (Physician 7: internal medicine, 1 year)  

22. “I would like to say there should be an alert in our system after one week after using antibiotics, one week or five days. It  
would say, ‘Please think about other antibiotics’, just a very short message to think about other antibiotics or other broad-
spectrum antibiotics. I think this will help. ‘Switch the patient from IV to oral’. I think these messages, if they come, like, in 
a system, this will prevent a lot of resistance and abuse of antimicrobial agents.” (Physician 7: internal medicine, 1 year) 

23. “It's sometimes very hard to get the number off the system of who’s on-call or covering the services in terms of getting the 
on-call team …By having, like, a specific app, where all the designated numbers are provided in by it.’’ (Physician 2: internal 
medicine, 1.5 years) 

24. “We don’t have a laptop or system at home …So I think this issue needs to be improved and I have addressed this issue 
multiple times: that people who are home on-call, they need to be given the system at home so they can review the patient, 
see the lab, give the right doses. Sometimes, I just approve the antibiotic without knowing what the creatinine clearance is 
or whatever this disadvantage we are suffering with is. This is the only thing, if we can access the system at home and 
review the patient, we can prescribe whatever we think is right.’’ (Physician 14: infectious disease, 5 years) 

25. “I would say more staff of clinical pharmacists” (Physician 7: internal medicine, 1 year) 
26. “We need full, need good support, more than what we have from clinical pharmacists, about antibiotic prescriptions.’’ 

(Physician 12: emergency medicine, 9 years) 
27. “I would say in, like, a couple of words if we are dividing it into wards, that there is a specialised clinical pharmacist that is 

always available in person with the knowledge to help us out because sometimes we find it challenging to call them up or 
during on-calls or when we have some trouble. I think it would be very helpful if we had someone on board to always, to 
always discuss the thing with them. (Physician 11: orthopaedics, 1 year) 

28. “I think if we have faster results …If we had a super excellent fast way of having cultures right away …If we sent routine 
cultures and they came out in the same day or early morning the day after, I think it would be perfect. I mean, as rout ine 
work, not an emergency, urgent or stat.’’ (Physician 11: orthopaedics, 1 year) 
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3.4.3 Mapping of the results to the relevant TDF and COM-B components 

 
The mapping of the results of this study to the relevant TDF and COM-B components 

has been applied to the BCW to identify intervention functions and policy categories, 

as outlined in Table 3.9. By recognising the main influential components, the BCW 

enables the determination of intervention functions and policy categories to provide 

recommended interventions to improve the appropriate prescribing of broad-

spectrum antimicrobials. Several intervention functions and policy categories were 

recommended by the participants, thus increasing the possibility of acceptability in 

the future. Some of the recommended interventions are discussed in detail in the 

Chapter 4. 
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Table 3.8: Recommended interventions to improve the appropriate prescribing of broad-spectrum antimicrobials using the TDF and BCW 

Policy categories Intervention 
functions 

TDF COM-B Findings 

Communication/
marketing 
Guidelines 
 
 

Education 
Training 
Enablement 
Restriction 
 

Knowledge 
 

Psychological 
capability 
 

Challenges in the diagnosis of some infections leading to the 
prescribing of broad-spectrum antimicrobials  
Lack of Knowledge and awareness of the available local guidelines or 
local AMR rates 
Not referring to AMR as a consequence of inappropriate prescribing  

Communication/
marketing 
 

Education 
Training 
 

Memory, attention 
and decision process 

The individual patient care and decision-making autonomy leads the 
decision process without the consideration of the public health risk 
of AMR 

Environmental/Social 
planning 

persuasion Behavioural regulation Desire for audit and feedback on prescribing 

Communication/
marketing 

Persuasion 
 

Belief of capabilities Reflective 
motivation 
 

Professional confidence in prescribing relying more on experiences 
than guidelines  

Environmental/Social 
planning 

Education 
Enablement 

Social/ professional 
role and identity 

On-call physicians are often more likely to prescribe broad-spectrum 
antimicrobials  

Communication/
marketing 
Guidelines 

Persuasion 
Education 

Beliefs about 
consequences 

Harm to patient when not prescribed broad-spectrum antimicrobial 
Lack of acknowledgement that inappropriate broad-spectrum 
antimicrobial prescribing contributes to AMR  

Communication/
marketing 

Persuasion Emotion Automatic 
motivation 

Fear of harming the patient  

Communication/
marketing 

Enablement Social influences Social 
opportunity 

Pressure from senior physicians  

Environmental/Social 
planning 

Environmental 
restructuring 

Environmental context 
and resources 
 

Physical 
opportunity 
 

Remote access to medical records 
Delay in lab results  

Guidelines Enablement Desire for guidelines to assist the prescribing of board-spectrum 
antimicrobials 
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3.5 Discussion 

Qualitative interviews were conducted to explore physicians’ views, perceptions and 

experiences regarding the prescribing practice of broad-spectrum antimicrobials in 

hospital settings to help optimal prescribing of broad-spectrum antimicrobials. The 

themes identified were views on broad-spectrum antimicrobials, factors that 

influence broad-spectrum antimicrobial prescribing, antimicrobial stewardship: 

practices and barriers and recommendations to improve appropriate broad-

spectrum antimicrobial prescribing. This section discusses the major findings from 

these themes with respect to the literature. 

 

3.5.1 Views on broad-spectrum antimicrobials 

Different responses were identified when the participants were asked about their 

views about broad-spectrum antimicrobials and what they considered inappropriate 

prescribing. They defined broad-spectrum antimicrobials as "big guns" that cover 

different types of and multiple bacteria. The participants had different points of view 

concerning their responsibilities in their decision-making with regard to public health 

as it was identified that some participants were only concerned about an individual 

patient. It was noticed that their sense of inappropriate antimicrobial prescribing was 

determined more by missing or not covering a suspected infection than by avoiding 

negative consequences associated with over coverage, such as C. difficile or infection 

with AMR. There may be many explanations why such negative consequences were 

underestimated. These antimicrobials-associated negative consequences may have a 

delayed appearance or there could be many different reasons for them. It would be 

difficult to relate such consequences to an individual physician's prescribing decision, 

thus giving them anonymity and offering a lack of accountability. Being unaware of 

https://www.powerthesaurus.org/carried_out/synonyms
https://www.powerthesaurus.org/determined/synonyms
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such negative consequences may also be because physicians do not follow-up 

patients after discharge; therefore, they would not be aware of their patients’ 

readmission due to C. difficile or an AMR infection (Livorsi et al., 2015). Furthermore, 

the extent to which the physicians are oriented about AMR and the impact of 

inappropriate prescribing on wider society may also be considered a reason that has 

led to the underestimation of the negative consequences of inappropriate 

antimicrobial prescribing. Generally, research has identified that physicians realise 

and perceive AMR as more of a population health or theoretical problem and, thus, 

not directly related to individual patient care (Pulcini et al., 2011; Livorsi et al., 2015). 

A qualitative study using semi-structured interviews was conducted in South Africa, 

Sri Lanka, and the UK to explore prescribers’ perceptions of inappropriate 

antimicrobial prescribing and the factors that impacted their decisions. The study 

showed ambiguities in views and thoughts about what was considered to be 

inappropriate broad-spectrum antimicrobial prescribing in hospital settings. It was 

concluded that appropriate prescribing judgement is shaped by prescribers’ moral, 

clinical and contextual frames (Tarrant et al., 2020). As recognised in an earlier study, 

this might differ according to prescriber experience, training and seniority, as well as 

the degree of concern regarding the influence of patient negative consequences, and 

the risk of reputational and individual damage (Krockow et al., 2019). 

 

3.5.2 Factors influencing broad-spectrum antimicrobial prescribing 

Several factors have been highlighted as influences on physicians’ broad-spectrum 

antimicrobial prescribing. These factors can be divided into three categories: patient-

related, physician-related and external factors. 

 

https://www.powerthesaurus.org/realize/synonyms
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3.5.2.1 Patient-related factors  

Several patient-related factors concerning broad-spectrum antimicrobial prescribing 

were mentioned as being influential in broad-spectrum antimicrobial prescribing. The 

participants indicated that older age could be a predictor for the decision to prescribe 

such antimicrobials to hospitalised patients. They reported that elderly patients had 

a risk of getting antimicrobial-resistant bacterial infections as they may have been 

exposed to multiple antimicrobials during their lives. This could lead to considering 

whether to prescribe broad-spectrum antimicrobials or not to prevent them from 

rapid deterioration. This is consistent with previous research, where physicians 

stated that the elderly, in particular, patients above the age of 60, influenced their 

prescribing decisions (Brookes-Howell et al., 2012). This is contrary to another 

qualitative study, where physicians proposed a lower threshold to prescribe 

antimicrobials for elderly patients, justifying this by claiming it would avoid any 

possible worsening of the patient's conditions or subsequent secondary infections 

(Chan et al., 2019). 

Another patient related factor that was reported to influence broad-spectrum 

antimicrobial prescribing was a patient’s medical history. This involves a range of 

factors, such as co-morbidities, a patient's immune status, previous admissions, long 

hospital stays, the previous culture, the history of antimicrobial use and the duration 

of the previous antimicrobial prescription. This is in line with the findings in Chapter 

2 of this study, where patients with co-morbidities tended to be prescribed broad-

spectrum antimicrobials inappropriately. Similarly, a study that was conducted at 

KSUMC to determine factors that influence physicians’ choice for empiric therapy for 

UTIs found that age, history of antimicrobial use, co-morbidities and chronic illness 

have an impact on the decision to prescribe antimicrobials (AlOsaimi et al., 2018). It 
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is important to note that, in the previously mentioned study, it was a self-reported 

questionnaire with predetermined and limited choices and that the included 

physicians were limited to the ED and primary care. 

Patients’ clinical presentations were considered a major factor. The participants 

stated that severely sick patients were often treated more aggressively with broad-

spectrum antimicrobials, unlike stable patients with a milder infectious disease, who 

were treated with narrower spectrum medication. A qualitative study was conducted 

with 40 GPs (general medical practitioners) to explore factors that influenced their 

decisions to prescribe broad-spectrum antimicrobials, particularly fluoroquinolones, 

rather than a narrower spectrum antimicrobial. Of the factors that were reported to 

influence their decisions, it was found that a patient’s presenting condition was 

considered a major factor, whereby GPs justified their decisions to prevent the severe 

clinical decline of the patient (Wood et al., 2007). 

Generally, the findings in this study are directly in line with previous findings of a 

systematic review of 35 studies that explored factors that influenced physicians’ 

antimicrobial prescribing. In this systematic review, Teixeira Rodrigues et al. (2013) 

reported a direct association between antimicrobial prescribing and patient 

presenting signs and symptoms, as identified in 14 studies, in addition to co-

morbidities, which were described in two studies.  

 

3.5.2.2 Physician-related factors 

Physician-related factors were found to be a major influence. The participants 

addressed several factors that were divided into three sub-categories: information 

sources in broad-spectrum antimicrobial prescribing, attitudes and perceptions 
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related to prescribing, and anxiety and fear leading to broad-spectrum antimicrobial 

prescribing. 

The participants reported various sources of information that they used in their 

prescribing, including textbooks, guidelines, electronic tools and personal 

experiences. Guidelines are considered to be the standard tool that supports and 

assists antimicrobial prescribing. However, in this study, not all the participants 

stated the use of international or local guidelines as a guide in their prescribing 

practices. Some participants were not even aware of the availability of any local 

guidelines. Similar findings were reported in other studies, in which participants were 

not aware of the available hospital guidelines (De Souza et al., 2006; Cortoos et al., 

2008). This could be due to autonomy and clinical experience (Armstrong and Ogden, 

2006; Charani et al., 2013). Moreover, the unfamiliarity with or unavailability of local 

guidelines for some cases could be for other reasons. The participants generally 

agreed that their experiences had an influence on their prescribing. Following career 

progression through the medical profession, individual experience became a 

predominant factor in broad-spectrum antimicrobial prescribing decisions. This is in 

agreement with other studies (Barlow et al., 2008; Skodvin et al., 2015).  

In the current study, the participants acknowledged that broad-spectrum 

antimicrobials are being overused, regardless of the infection type. They reported 

physicians being generous in prescribing them in settings such as the emergency 

room, in line with findings from the quantitative study in Chapter 2 of this study. From 

the literature, previous surveys have reported that physicians agreed that 

antimicrobials were being overprescribed by other physicians (Abbo et al., 2011; 

Thakolkaran et al., 2017). 
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Diagnostic uncertainty was reported to be a factor that influences prescribing. In the 

current study, the participants reported that being unable to differentiate between 

viral and bacterial infections or having infectious cases that had similar presentations 

led them to frequently prescribe a broad-spectrum antimicrobial inappropriately 

(WHO, 2001; Horwood et al., 2016; Om et al., 2016). In some situations, the 

participants did not have clear information about the patients. Therefore, they had 

to assess a clinical condition with limited data, which contributes to diagnostic 

uncertainty. In the case of diagnostic uncertainty, the participants appreciated the 

reassurance of prescribing antimicrobials, particularly broad-spectrum 

antimicrobials. While such a decision is reasonable in the case of a patient with 

suspected sepsis, the participants also tended to prescribe broad-spectrum 

antimicrobials in stable patients where narrow-spectrum antimicrobials would be 

clinically justified. The impact of uncertainty avoidance on antimicrobial prescribing 

has been identified in other qualitative studies conducted in hospital settings 

(Björkman et al., 2010; Livorsi et al., 2015) as an approach to prevent the patient’s 

condition from deteriorating (Tonkin-Crine et al., 2011). This may justify the 

variability in antimicrobial prescribing that is identified between different countries 

(Borg, 2012; Borg, 2014). 

The participants reported several situations where they perceived a risk of not 

prescribing broad-spectrum antimicrobials. They felt that prescribing these 

antimicrobials removed their fear and insecurity. This is what Kunin et al. (1973) 

identified many years ago. They termed antimicrobials the “drugs of fear”; this 

appears to have been identified and confirmed by qualitative research that has 

explored factors that influence antimicrobial prescribing (Livorsi et al., 2015; 

Schouten et al., 2007). Livorsi et al. (2015) conducted a qualitative study to identify 
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the factors that influence physicians’ antimicrobial prescribing decisions in the 

inpatient setting. They found that physicians tended to prescribe broad-spectrum 

antimicrobials to alleviate their fear of missing any unidentified organism(s) (Livorsi 

et al., 2015). Moreover, a qualitative multicentre study was conducted to explore 

barriers to appropriate antimicrobial prescribing in patients with CAP. In this study, 

when the participants were asked about factors that influenced their choice of 

empirical therapy, they reported that “everyone feels safe with a broad-spectrum 

antibiotic”, and that, “we are afraid of missing things, afraid to take risks with our 

patients.” (Schouten et al., 2007).  

In this study, what was found was that the perceived risk of not prescribing broad-

spectrum antimicrobials led to the prioritisation of instant clinical fears over long-

term public health risks. Prior studies have described the implications of such direct 

pressures in antimicrobial decision-making (Broom et al., 2014; Broom et al., 2017). 

Such dynamics are considered to be significant in prescribing in hospital settings, 

strongly favouring antimicrobial over-prescribing over the long-term associated risk 

to public health. 

Overall, physician-related-factors were characterised by three systematic reviews as 

physicians’ fear of adverse consequences, uncertain diagnoses, indifference, 

complacency, confidence, and responsibility for others (Tonkin-Crine et al., 2011; 

Teixeira Rodrigues et al., 2013; Warreman et al., 2019). These factors were similar to 

the majority of the factors identified in the current study. 

 



 

197 
 

3.5.2.3 External factors  

The participants identified several external factors that exceeded the patient- and 

physician-related factors. Under the external factors, 13 were described by the 

participants as influencing their broad-spectrum antimicrobial prescribing practices. 

They reported that senior physicians had a strong impact on their prescribing 

decisions. Qualitative studies from the UK, USA, Belgium, Norway and Ireland have 

also recognised seniors as a significant contributing factor, overruling the impact of 

guidelines and local policy (De Souza et al., 2006; Cortoos et al., 2008; Charani et al., 

2013; Livorsi et al., 2015; Skodvin et al., 2015). According to current findings, 

attempts to improve antimicrobial prescribing in inpatient settings have to 

acknowledge the influence of the decision-making hierarchy. Junior physicians are 

going to struggle in following the guidelines and policies if their recommendations 

are not supported by their seniors. 

The influence of ID specialists was reported by the participants. However, some 

reported that not following the ID specialists’ advice indicated that they are more 

familiar with and responsible for their patients’ cases. A qualitative study described 

a “prescribing etiquette”, where senior physicians did not follow the guidance and 

recommendations from the ID specialists (Charani et al., 2013). In contrast, in the 

current study, some participants viewed the ID specialist as the superior adviser. 

Similar findings in a Swedish study showed that all physicians emphasised the 

importance of ID specialists’ support in antimicrobial prescribing (Björkman et al., 

2010). Given that the participants recognised the importance of the advice, and 

several studies showed that ID specialists were identified as improving the 

appropriate prescribing antimicrobials, these specialists have to be involved in 

multidisciplinary antimicrobial stewardship teams. 

https://www.powerthesaurus.org/in_contrast/synonyms
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Some participants stated that their colleagues had an impact on their broad-

spectrum antimicrobial prescribing, especially if they had experience in 

antimicrobials and microbiology. Similar findings from qualitative studies showed 

that peers might have a greater impact on antimicrobial prescribing than policy and 

guidelines (Charani et al., 2011). 

It was identified that there was a reluctance by physicians to provide feedback to 

other colleagues on their prescribing decisions. A systematic review of nine studies 

that identified antimicrobial prescribing behaviour in in-hospital settings found in six 

studies physicians reluctant to critique their colleagues antimicrobial prescribing 

(Warreman et al., 2019). This reluctance was reported as an indication of a lack of 

collaboration to tackle the problem of AMR. Moreover, the physicians’ desire to 

maintain a good relationship with their colleagues was viewed as a higher priority 

(Livorsi et al., 2015). Similarly, in this study, reluctance to provide feedback and 

critique other colleagues’ practices were reported to maintain a positive work 

relationship. 

In the present study, there were different experiences with clinical pharmacy 

services. Although seen as being helpful, several issues were reported to have 

restricted the utilisation of clinical pharmacists, such as the availability and the role 

of the clinical pharmacists. However, limited involvement of the clinical pharmacists 

in ward rounds and in the decision to prescribe board-spectrum antimicrobials were 

the major reported issues. The involvement of a clinical pharmacist leads to an 

increase in the rate of appropriate antimicrobial prescribing (Oxman et al., 2015; Van 

et al., 2020). Clinical pharmacists’ power to support the decision of broad-spectrum 

antimicrobial prescribing and participate in clinical rounds could improve appropriate 

broad-spectrum antimicrobial prescribing practices. 
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Antimicrobial shortages were reported as a factor that impacts prescribing. The 

participants reported the impact of the shortage of both narrow-spectrum and 

broad-spectrum antimicrobials. Such shortages limited their antimicrobial options, 

therefore, exposing the patients to risk in cases of antimicrobial resistance and the 

general population to risk in the form of the use of broad-spectrum antimicrobials as 

a consequence of there being a narrow-spectrum shortage. Antimicrobial shortage 

as a factor that influences antimicrobial prescribing, to our knowledge, has not been 

explored, which highlights the need for further study. 

Several studies have identified that antimicrobial cost has an influence (Carthy et al., 

2000; Krishnakumar and Tsopra, 2019). In the current study, some participants noted 

how cost was a factor that influenced prescribing, while others said they did not 

consider it. This could be explained by practicing in a governmental hospital, where 

physicians are not oriented by the cost of treatment. A study that evaluated cost-

consciousness among physicians practising in different settings in the KSA found that 

physicians were not very confident regarding their familiarity and knowledge about 

healthcare costs (Al-Omar, 2020). 

In this study, the participants reported the influence of microbiology tests on their 

prescribing practices. They stated several factors associated with the microbiology 

test results, including the length of time needed to get the results, particularly during 

the weekend, and they got information related to the results whereby they had to 

phone the laboratory instead of having the information stored in the system. Skodvin 

et al. (2015) who investigated factors impacting physicians’ antimicrobial prescribing 

practice, reported that physicians highlighted the impact of microbiology test results 

on their practices and raised a concern about delayed results (Skodvin et al., 2015). 

Action to enhance the delivery of the results, both in timing and means of reporting, 
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is important as it could enhance decision-making regarding broad-spectrum 

antimicrobial prescribing. Further study is needed to explore issues related to results 

timing and reporting to identify possible interventions that could improve the 

situation. Moreover, research has found that antimicrobial stewardship teams may 

improve the time to influence appropriate antimicrobial therapy through close 

tracking of microbiological results (Huang et al., 2013; Pogue et al., 2014). Thus, the 

establishment of such teams is of great importance. 

A lack of physicians’ trust in negative microbiology results was also reported where 

some participants stated that, in some cases, they got negative results, while the 

patient was clearly infected. A study conducted by Hamilton et al. (2020) found that 

negative results had little influence on decisions concerning antimicrobial de-

escalation. They concluded that, in antimicrobial stewardship, to increase the 

involvement of diagnostic microbiology, there needed to be an improvement in the 

predictive negative value of the microbiology results (Hamilton et al., 2020). 

The hospital antibiogram was viewed as a factor that might influence broad-spectrum 

antimicrobial prescribing practice. In the present study, some participants stated the 

use of the hospital antibiogram in their prescribing practices, while others reported 

not considering it. Several issues arise when not considering the antibiogram. Being 

unfamiliar with the hospital antibiogram leads to issues related to accessibility and 

the integration of the antibiogram in their practices. Similar findings were found in a 

previous study that was conducted in a teaching hospital, where the majority of 

participants reported that they did not know how to access the hospital antibiogram 

and they had never used it (Mermel et al., 2008). Hospital antibiograms are 

commonly used to promote the demand for improving antimicrobial prescribing 

practices. It may impact antimicrobial prescribing (Lacy et al., 2004) where it 

https://www.powerthesaurus.org/great_interest/synonyms
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encourages physicians to prescribe appropriate empiric antimicrobials. Therefore, 

efforts to provide more education about antibiograms may be desired to enhance 

their utilisation and effectively impact antimicrobial prescribing decisions. In 

addition, antibiograms can be used as a tool to assist ASPs (Dellit et al., 2007). 

 

3.5.3 Antimicrobial stewardship: practices and barriers  

ASP is one of the strategies to prevent AMR. ASPs are well recognised as improving 

antimicrobial prescribing practices. Several barriers to appropriate broad-spectrum 

antimicrobial prescribing have been identified. These include the practice of not 

taking cultures before starting the therapy, problems with de-escalation and with IV 

to oral switch. 

It is crucial to obtain a culture before the initiation of antimicrobial therapy. This can 

improve the possibility of identifying the microorganism in question (Rojo, 2006). It 

is evident that taking blood cultures after the initiation of antimicrobial therapy leads 

to a significant loss of organism identification (Kirn and Weinstein, 2013). The present 

study reveals a range of reasons and barriers to taking cultures before starting the 

broad-spectrum antimicrobial therapy. Some of these included having severely ill 

patients, patients with a previous culture history, facing difficulty or delay in getting 

a sample from a patient, a lack of communication between the teams, and the nurses’ 

practice of not taking a sputum culture. Similar findings were recorded in a qualitative 

study that was conducted in three hospitals to investigate the barriers of optimal 

antimicrobial prescribing where healthcare professionals reported several barriers 

related to not taking a culture before the initiation of the antimicrobial therapy 

(Schouten et al., 2007). Among these barriers, they reported the nurses’ lack of 

familiarity and awareness, a lack of prescribers’ adherence to guidelines, a lack of 

https://www.sciencedirect.com/topics/immunology-and-microbiology/microorganism-detection


 

202 
 

communication and coordination between healthcare professionals and a lack of 

motivation (Schouten et al., 2007). 

The de-escalation approach is suggested to avoid the development of bacterial 

resistance (Gonzalez et al., 2013). This approach involves changing the empiric broad-

spectrum antimicrobial therapy to a narrower spectrum one following the 

identification of positive microbiology results. It was found that this has no negative 

impact on a patient’s clinical condition (Gonzalez et al., 2013). A qualitative 

examination that explored the barriers to de-escalation of antimicrobial therapy 

found that physicians felt uncertain about this after obtaining the culture results, 

especially for severely ill patients, which was justified by their attitude of “never 

change a winning team”. Moreover, organisational constraints were identified where 

there was a delay in obtaining the culture results. When a patient’s condition is 

improved with the initial therapy, de-escalation is postponed until the senior’s 

rounds, which leads to further delay in de-escalation, thus keeping the patient longer 

than required on broad-spectrum antimicrobials (Schouten et al., 2007). The present 

study found similar findings, in addition to the unavailability of the narrow 

antimicrobial sometimes having side-effects related to the sensitive antimicrobial or 

the pharmacokinetics of the antimicrobial that makes it unsuitable for such organs 

like the CNS. All of these factors contribute to the practice of not considering de-

escalation to narrow-spectrum antimicrobials. 

The most common reason for IV to oral switch was for discharge; it was not common 

practice for hospitalised patients. The reasons for an IV to oral switch were 

multifactorial, including patient preferences, the desire for oral intake in surgical 

patients and mobility-related issues in orthopaedic patients. Nevertheless, most of 

them were not underpinned from an antimicrobial perspective. When asked about 

https://www.powerthesaurus.org/perspective/synonyms
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the reasons for not switching IV to oral when indicated, several reasons were 

identified. These included the habit of maintaining the patients on IV antimicrobials, 

the feeling of security, particularly of ill patients, the belief that IV forms are more 

effective than oral forms and the opinion that changing the therapy from IV to oral is 

the responsibility of the ID physicians. The false belief among physicians that IV 

antimicrobials have additional efficacy and potency over oral antimicrobials is likely 

to impact their practice of not considering an IV to oral switch for hospitalised 

patients is based on a qualitative study that used semi-structured interviews with 20 

physicians to identify barriers to IV to oral switch (Broom et al., 2016). Another 

reported barrier of IV to oral switch is the impact of the medical hierarchy, where 

junior physicians are not comfortable or confident enough in switching IV 

antimicrobials to the oral dosage form. The unavailability of the senior physician in 

the daily rounds leads to a delay in the decision on antimicrobial therapy. Therefore, 

the duration of IV antimicrobials is unnecessarily prolonged (Broom et al., 2016).  

3.5.4 Recommendations to improve appropriate broad-spectrum antimicrobial 

prescribing  

To improve the appropriate prescribing of broad-spectrum antimicrobials, several 

recommendations were made by the participants. These included education, 

awareness and training for physicians about appropriate broad-spectrum 

antimicrobial prescribing and antimicrobial stewardship. These recommendations 

are in line with the Saudi national action plan for minimising AMR (MOH. 2017a). The 

participants recommended education about appropriate antimicrobial prescribing (e.g., 

lectures, seminars and workshops). This finding is in line with previous research that 

suggests that prescriber education about appropriate antimicrobial use could 

improve appropriate antimicrobial prescribing (Yates et al., 2018; Saleem et al., 
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2019). Education is an important component of any programme aimed and 

implemented to impact prescribing practices and behaviours (Pulcini and Gyssens, 

2013). It is evident that the education-based ASPs have led to an enhancement in 

antimicrobial prescribing practice and a reduction in inappropriate antimicrobial use, 

although there were no implemented restrictive measures (Cisneros et al., 2014). 

Educational sessions regularly occur in the form of single or multiple seminars or 

courses in a didactic lecture structure, recognised by many healthcare professionals 

(Satterfield et al., 2020). Continuous education on appropriate broad-spectrum 

antimicrobial prescribing was recommended by the study participants. The 

continuous and frequent educational sessions seem to have a greater impact than 

having a single education event annually, in terms of improving the appropriate use 

of antimicrobials (Chazan et al., 2007). It has been shown that there was a reduction 

in broad-spectrum antimicrobial use among a continuous education group more than 

a reduction in an annual group: 20% vs 16.5% reduction, p<0.0001 (Chazan et al., 

2007). Another suggested method of education was one-on-one inter-professional 

discussions. Such a method has proved its usefulness in clinical practice (Foral et al., 

2016). It has been suggested that education about appropriate broad-spectrum 

antimicrobials prescribing practices and antimicrobial stewardship must be involved 

in the medical curriculum, consistent with the WHO, who recommend and highlight 

the value of medical student education about antimicrobial prescribing (WHO, 2012). 

A recent study that explored undergraduates’ knowledge about antimicrobial 

stewardship in the KSA showed that medical students have a fair knowledge and 

highlighted the need to incorporate such teaching in the medical curriculum (Alsaleh 

et al., 2020). The participants also endorsed that inappropriate use of broad-
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spectrum antimicrobials can be minimised by raising the awareness of the public, the 

physicians and all healthcare professionals.  

Reporting physician prescribing and providing feedback was recommended to 

improve appropriate prescribing. Recommendations for reporting prescribing to 

physicians involved providing information regularly (e.g., quarterly, monthly) in an 

accessible electronic format. A similar recommendation had been previously 

reported in other studies (Yates et al., 2018), and it was found to be effective (Gerber 

et al., 2014). 

The implementation of local guidelines supported by local resistance patterns was 

recommended by the participants. Such guidelines have been found to optimise 

appropriate antimicrobial prescribing. It is evident that guideline implementation has 

been shown to increase the appropriateness of empirical antimicrobial therapy 

(Ibrahim et al., 2001; Hauck et al., 2004) and improve the use of narrow-spectrum 

antimicrobials (Marrie et al., 2000; Jenkins et al., 2011; Newman et al., 2012). 

Receiving quick culture results was suggested by the study participants. It was noticed 

during the interviews that participants claimed they sometimes did not de-escalate 

due to late test results as sometimes they arrived when the patient had only one day 

to finish their antimicrobial therapy course. Therefore, the physician decided to 

complete the course without de-escalation of therapy. Quicker microbiology results 

may have an impact on limiting and decreasing unnecessary exposure to empirical 

antimicrobial therapy (Hamilton et al., 2020). The adoption of rapid diagnostic test in 

combination with ASP have been shown to reduce time to appropriate therapy and 

unnecessary antimicrobial use and optimise clinical and economic outcomes (Clerc 

and Greub, 2010; Bauer et al., 2014; Reuter et al.,2019). 
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 The participants recommended implementing a checklist in the system to be filled 

before starting the broad-spectrum therapy. It has been found that the 

implementation of an antimicrobial checklist improved appropriate antimicrobial 

prescribing (van Daalen et al., 2017). A reminder to either de-escalate or IV switch 

was also another suggestion. Such a reminder has proved its effectiveness in 

optimising antimicrobial prescribing and promoting an earlier IV to oral switch, which 

leads to a decrease in the duration of the IV therapy (Beeler et al., 2015; Berrevoets 

et al., 2017). The participants also suggested and justified the need to have access to 

the system while they were out of the hospital. They felt that they tended to give 

broad-spectrum antimicrobials where it may not be indicated due to the lack of a 

clear picture about the patient and being uncomfortable with information given over 

the phone.  

Expanding the clinical pharmacy service, implementing comprehensive antimicrobial 

stewardship and not only restricting broad-spectrum antimicrobial prescribing, and 

enhancing multidisciplinary team communication were recommended to improve 

the practices of appropriate broad-spectrum antimicrobial prescribing. From the 

literature, multidisciplinary ward rounds have been identified as a means of reducing 

the duration and use of broad-spectrum antimicrobials without increasing mortality 

(Rimawi et al., 2013). 

Generally, the study findings show some degree of physicians' awareness that may 

not justify the high rate of inappropriateness identified in DUR in Chapter two. This 

could be due to the time gap between the two studies. Since the interviews were 

conducted in 2020 and the drug utilisation study reported in Chapter 2 was 

conducted in 2016/2017 and as reported in Chapter 1, in September 2017 the 
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antimicrobial stewardship was established which could be a reason for the degree of 

awareness identified in the qualitative study. 

 

3.6 Conclusion 

This study has identified four main themes that are related to physicians prescribing 

of broad-spectrum antimicrobials in a hospital setting. The themes identified were 

views on broad-spectrum antimicrobials, factors influencing broad-spectrum 

antimicrobial prescribing, antimicrobial stewardship, and practices and barriers and 

recommendations to improve appropriate broad-spectrum antimicrobial prescribing. 

Under the perception of broad-spectrum antimicrobials and what was considered 

inappropriate prescribing, it was found that the participants’ sense of inappropriate 

antimicrobial prescribing was determined more by missing or not covering a 

suspected infection than by avoiding negative consequences associated with over 

coverage, such as C. difficile or infection with AMR. A lack of general agreement 

among participants about what was considered inappropriate prescribing poses a 

challenge for antimicrobial stewardship efforts to be implemented in the KSA if these 

findings are more widely applicable. Therefore, ASPs should target clinical, contextual 

and moral frames. 

The study identified a variety of factors that impacted broad-spectrum antimicrobial 

prescribing in a hospital setting, of which many may lead to inappropriate prescribing. 

These factors were divided into three categories: patient-related, physician-related 

and external factors. The patient factors include age, medical history and clinical 

presentation; the physician-related factors were relevant to the physicians’ source of 

information and their attitude towards prescribing, and the external factors were 

related to communication between multidisciplinary teams and the institutional 

https://www.powerthesaurus.org/determined/synonyms
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context. This points to the desire for a multifaceted approach to consider the factors 

that drive inappropriate prescribing practices. 

Taking a culture before the initiation of the antimicrobial therapy, de-escalation of 

the antimicrobial therapy according to the culture and sensitivity results and the IV 

to oral switch are essential elements of stewardship intervention as they may reduce 

the duration of the therapy as well as the length of hospital stay, thus reducing overall 

healthcare-associated costs. This study identified that broad-spectrum antimicrobial 

prescribing is not optimal and determined the key drivers of inappropriate 

prescribing which could enable the development of accessible and applicable 

programmes. Finally, the study findings highlight the need for quality improvement 

interventions in the broad-spectrum antimicrobial prescribing areas. Moreover, it 

provides information that supports the design of interventions that are tailored to a 

particular setting. 
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4. Chapter 4: Overall discussion  

Overview: This final chapter consists of a summary of the main quantitative and 

qualitative findings of the research, an overall discussion, the research strengths and 

limitations, the contribution of this research to knowledge, followed by 

recommendations and suggestions for practice and further research. 

 

4.1 Summary of research main findings  

▪ The three broad-spectrum antimicrobials were commonly used for empiric 

indications and more than half of the prescriptions were ordered by medical 

residents. 

▪ For the practice of taking a culture before starting antimicrobial therapy, 

culture and sensitivity tests were ordered in 78.6% of cases before prescribing 

antimicrobials. 

▪ Assessment of the appropriateness of broad-spectrum antimicrobials showed 

that in 43.5% of cases, they were inappropriate. The three most common 

reasons for inappropriateness for empiric prescriptions were the use of 

broad-spectrum where a narrow-spectrum antimicrobial would have been 

enough, prescribing antimicrobials without taking a culture and the failure to 

de-escalate the therapy where it was indicated according to the culture and 

sensitivity results. 

▪ The qualitative interviews revealed that physicians’ sense of inappropriate 

antimicrobial prescribing was determined more by missing or not covering a 

suspected infection than by avoiding the negative consequences associated 

with over coverage, such as C. difficile or infection with AMR. 

https://www.powerthesaurus.org/determined/synonyms
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▪ The study identified a variety of factors that may impact broad-spectrum 

antimicrobial prescribing in a hospital setting. These factors were divided into 

three categories: patient-related, physician-related and external factors.  

▪ The research identified the barriers to antimicrobial stewardship practices, 

including failure to take a culture before starting the therapy, reluctance to 

de-escalate the therapy and to complete an IV to oral switch. 

▪ In response to recommendations to improve the appropriateness of 

prescribing of broad-spectrum antimicrobials, several recommendations 

were made by the physicians, including education, training, audit, guidelines 

implementation and other institutional-related suggestions. 

 

4.2 Overall discussion 

Before the start of this study, several gaps were identified in the literature concerning 

the knowledge related to physicians' broad-spectrum antimicrobial prescribing for 

adult hospitalised patients in the KSA. This motivated the initiation of this research. 

This is particularly relevant since the KSA is experiencing increasing levels of AMR and 

the development of rare and novel MDR strains. This may lead to the spread of these 

rare MDR strains to other regions across the world considering that the KSA hosts 

over nine million pilgrims and visitors throughout the year to the holy city of Mecca 

for Umrah and Hajj. A further encouragement to conduct the study was the concern 

of a consultant clinical pharmacist (AM) that broad-spectrum antimicrobials were 

being overused. Inappropriate prescribing of broad-spectrum antimicrobials, as 

discussed in Chapter 1, has been associated with many risks, including AMR, C. 

difficile infection and mortality. 

https://www.powerthesaurus.org/extremely_relevant/synonyms


 

211 
 

The aim and objectives of this research have been reached using a mixed 

methodology approach. The first part of this thesis was a DUR which explored broad-

spectrum antimicrobial prescribing by physicians for adult hospitalised patients, 

assessed the appropriateness of broad-spectrum antimicrobial prescribing, identified 

prescribing characteristics that were associated with inappropriate prescribing and 

identified the association between appropriate prescribing and patients' length of 

hospitalisation. The second part was qualitative research that identified and explored 

physicians’ perceptions and views about broad-spectrum antimicrobials, factors that 

may influence physicians’ broad-spectrum antimicrobial prescribing, barriers to 

appropriate prescribing and the physicians’ recommendations to improve 

appropriate prescribing.  

Overall, of the three studied broad-spectrum antimicrobials, piperacillin/tazobactam 

was the most commonly prescribed, with 3,208 (64.1%) prescriptions, followed by 

meropenem with 1,021 (20.4%). The most common indication for prescribing 

carbapenems and piperacillin/tazobactam was pneumonia, followed by sepsis. In this 

study, in terms of the initiation and contribution of the therapy, it was found that the 

overall appropriate use of the three broad-spectrum antimicrobials was 56.5%. The 

most common reason given for the assessment of inappropriateness for empiric 

prescriptions was that the spectrum of activity was too broad. The unnecessary use 

of broad-spectrum antimicrobial as the initial selection is of concern and should be 

avoided as it is associated with an increased risk of AMR, adverse effects, 

opportunistic infections and increased healthcare costs (Tamma et al., 2017). The 

second reason prescribing was considered inappropriate was prescribing occurred 

without taking a culture first and the third reason was identified as the failure of 

suitable de-escalation of the therapy. These practices may lead to an increase in 
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healthcare costs and the development of AMR. These findings necessitate an 

exploratory study to identify reasons for such inappropriate prescribing practices, 

using the qualitative methodology explained in Chapter 3.  

During the interviews, there was a lack of consensus among participants about what 

they considered inappropriate prescribing practices to be. Moreover, it was found 

that the physicians’ sense of inappropriate antimicrobial prescribing was determined 

more by missing or not covering a suspected infection than by avoiding the negative 

consequences associated with over coverage, such as C. difficile or infection with 

AMR. This could be for several reasons, as explained in Chapter 3, including moral, 

clinical and contextual frames. These findings pose a challenge for antimicrobial 

stewardship efforts. Thus, to implement successful intervention, such as ASPs, all 

clinical, contextual and moral frames should be considered. 

The findings reveal that broad-spectrum antimicrobial prescribing process is complex 

in hospital settings and is influenced by several and diverse factors. These factors fell 

into three main contexts: patient-related, physician-related and external factors. 

Under these factors, patient co-morbidities and clinical presentations, the 

unavailability of local guidelines, physician autonomy, the medical hierarchy, 

prescribing habits, and several institutional constraints that have been addressed in 

Chapter 3 were found to be the major contributing factors that drive inappropriate 

decisions to start broad-spectrum antimicrobials. These point to the desire for a 

multifaceted approach that considers drivers of inappropriate prescribing practices.  

Taking a culture before the initiation of the antimicrobial therapy, de-escalation of 

the antimicrobial therapy according to the culture and sensitivity results and IV to 

oral switch are essential elements of antimicrobial stewardship intervention as they 

may reduce the duration of the antimicrobial therapy as well as the length of hospital 

https://www.powerthesaurus.org/determined/synonyms
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stay, thus reducing overall healthcare-associated costs. The findings reveal that these 

practices were suboptimal as identified from the DUR study explained in Chapter 2. 

Moreover, reasons for these suboptimal practices were reported by participants as 

including the patients' condition, a lack of communication and coordination between 

the teams, physician uncertainty and beliefs, and organisational constraints. 

Overall, this study has identified that broad-spectrum antimicrobial prescribing is not 

optimal and has determined the key drivers of inappropriate prescribing practices. 

Managing these practices and behaviours through suitable and effective intervention 

is the follow-up step in this process. This could be achieved through the use of the 

behaviour change wheel (BCW) (Michie et al., 2014) as a tool to design and develop 

interventions to improve broad-spectrum antimicrobial prescribing. Recommended 

interventions will be discussed in section 4.5. 

 

4.3 Strengths and limitations 

This thesis adopted a mixed method research approach, using the explanatory 

sequential approach as a method of triangulation, which is the use of different 

sources of data or multiple methodological approaches to enhance the validity of a 

piece of research (Salkind, 2010), to obtain an in-depth understanding and 

exploration of physicians’ views and perception of broad-spectrum antimicrobial 

prescribing and to increase the reliability and validity of the research findings. The 

use of this method has achieved the thesis aim and objectives. The method, data 

analysis and the results of this research have been reported and explained in detail 

to allow adoption of the research methodology and an assessment of the 

transferability of the research findings.  
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4.3.1 Quantitative study 

To the best of the knowledge of the researcher, this is the first study in the Gulf 

countries that has evaluated the appropriateness of prescribing three broad-

spectrum antimicrobials, including all hospitalised adult patients in a tertiary care 

hospital. The strength of the study was the large sample size and the inclusiveness of 

all the adult hospitalised patients. To allow a comparison of the obtained quantitative 

results with other studies in the literature, both percentages and DDD were used to 

report the units for antimicrobial prescribing. The study had several limitations. The 

inherent limitation lies in employing a retrospective study design, even though this is 

a common and acceptable method for evaluating the appropriateness of 

antimicrobial therapy in hospital settings. In addition, as the assessment did not occur 

at the time of prescribing, the degree of accuracy of interpretations of information 

extracted from the hospital electronic database in the assessment of prescriptions 

relies on how much information had been recorded. Although, the electronic chart 

did capture comprehensive information on the course during hospitalisation and the 

physicians’ notes and reports on microbiological findings. Moreover, to compare 

between appropriate prescribing and LOS, we were unable to account for all the 

factors increasing LOS in hospitalised patients, such as severity of illness. A future 

plan is to see whether a prospective study could be undertaken to capture illness 

severity in an attempt to better understand disease severity on prescribing patterns. 

It could also be used to better qualify negative outcomes e.g. C difficile rates. 

A further limitation is that the study was conducted in a single academic tertiary care 

hospital, which may limit the generalisability of the findings. However, hospitals in 

the KSA are operated in a similar manner. It is very common for physicians to undergo 

rotational residency training in all hospitals in the KSA. It is considered a referral 
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hospital where patient may be referred from any hospital over the country where 

there are broad population similarities. It should be noted, though, that all hospital 

wards were included, which ensured representative results being recorded across a 

range of disciplines. 

Moreover, a lack of local guidelines prevailed. Hospital antibiograms were considered 

in the evaluation, involving the use of international guidelines. Therefore, the results 

can be compared with those in the literature.  

4.3.2 Qualitative study 

To the knowledge of the researcher, this is the first qualitative study to explore 

physicians' views and perceptions about broad-spectrum antimicrobials, and to 

identify factors influencing broad-spectrum antimicrobial prescribing practices in the 

KSA. The method of data collection, which was through semi-structured interviews, 

allowed for the understanding of the physicians' viewpoints through encouraging 

them to speak and express their opinions and perceptions about broad-spectrum 

antimicrobial prescribing within their hospital context. The study was validated in 

terms of the quality of the collected data and the data analysis, where it was reviewed 

by an external researcher who is an expert in the field. The trustworthiness of the 

qualitative study was also enhanced by using Braun and Clarke’s checklist (Braun and 

Clarke, 2006) and the COREQ guideline (Tong et al., 2007), as described in Chapter 3. 

The study had some limitations. It was conducted in a single tertiary care hospital; 

similar arguments could be made about the qualitative research undertaken at the 

single tertiary care hospital as described above in section 4.3.1. While the participants 

have varying levels of seniority and thematic saturation was identified by 16 

interviews, there is a possibility that minority views and perceptions may have been 

missed due to being unable to interview physicians from other specialities, like 
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intensive care or OBG. A broader exploration of physicians’ views and perceptions 

from different hospitals, including private hospitals, would be valuable. Moreover, 

potential bias is possible as interested physicians may have been more likely to 

participate in the study. Finally, there is the question of bias associated with self-

reporting. Although this bias has been minimised by the use of telephone interviews 

instead of face-to-face interviews, there is a risk of social desirability bias, where 

participants provide a more socially acceptable response (Collins et al., 2005; 

Althubaiti, 2016). During the interview, it became evident that participants felt 

comfortable and they became aware that their prescribing practices were not being 

assessed or judged. Their statements that broad-spectrum antimicrobials are 

prescribed inappropriately is evidence of that. 

4.4 Research contribution to knowledge  

The research presented in this thesis has added to the knowledge about the 

utilisation patterns of broad-spectrum antimicrobials, the quality of physicians' 

broad-spectrum antimicrobial prescribing for adult hospitalised patients, the 

understanding of physicians' views and perceptions about AMR and broad-spectrum 

antimicrobials, the different levels of factors that may impact physicians' broad-

spectrum antimicrobial prescribing practices for adult hospitalised patients in the 

KSA, the barriers to antimicrobial stewardship practices and the physicians’ 

recommendations to improve the appropriateness of broad-spectrum antimicrobial 

prescribing. 
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4.5 Recommendations 

4.5.1 Education and multi-professional approach 

Based on findings from the DUR, the qualitative study and the use of the BCW, a key 

recommended intervention might be an educational intervention that addresses the 

knowledge and education gaps and would be an initial step. An example would be 

sessions providing CMEs, seminars, conferences and antimicrobial stewardship 

training courses. As identified in Chapter 2, broad-spectrum antimicrobials were 

commonly prescribed by junior physicians, while, findings from the qualitative study, 

explained in Chapter 3, found that junior physicians followed instructions from their 

seniors when prescribing broad-spectrum antimicrobials. Therefore, educational 

interventions should target both senior and junior physicians. Moreover, during the 

interviews, when physicians were asked to provide recommendations that could help 

and support them to optimise their prescribing practices, they recommended having 

a continuous stream of education on the procedure. Another suggested method of 

education was through one-on-one inter-professional discussions. Such a method has 

proved its usefulness in clinical practice (Foral et al., 2016). An educational approach 

is also important for the dissemination of a local prescribing guideline, described in 

more detail in the following section. Another approach could be that teaching 

hospitals and higher education institutions are required to introduce the principle of 

antimicrobial stewardship into the undergraduate medical curriculum (Alsaleh et al., 

2020; Tripathi et al.,2020). 

Multidisciplinary team decision-making may also considered as part of the 

multifaceted intervention. The concept of a multidisciplinary team in the KSA, where 

there is parity of opinion or professionalisms, may be different than other countries. 

In Chapter 3, physicians' autonomy was identified and therefore that may impact the 
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dynamic of a multidisciplinary team which might impact the prescribing patterns 

(Alghamdi et al., 2019). There are still cultural/ professional barriers that is still need 

to be developed more.  

4.5.2 Implementation of local guidelines 

One of the multifaceted interventions should be the implementation of antimicrobial 

prescribing guidelines with the use of local resistance data, particularly those that 

include the use of broad-spectrum antimicrobials. As an initial step, the development 

of respiratory and urinary tract infections guidelines is recommended as these were 

of the most common diagnosis that indicates the use of broad-spectrum 

antimicrobials in this study. 

In Saudi hospitals, lack of adherence to guideline was consider a barrier to ASP 

implementation. This could be due to three major factors. First, physicians unaware 

of the existed guidelines. Second, the guidelines are not accessed electronically. 

Third, poor implementation and enforcement of these guidelines (Alghamdi et al., 

2019). Therefore, these guidelines should be implemented with multidisciplinary 

input from ID physicians, clinical pharmacists with infectious disease backgrounds 

and clinical microbiologists. Moreover, they should be flexible, accessible and 

tailored to the local practice context. In addition, there is a need to increase the 

physicians’ awareness and uptake of these guidelines.  

Enhancing the logistics of care should be also considered as part of the intervention 

to encourage appropriate antimicrobial prescribing. This includes providing remote 

access to physicians so they can review medical records during on-call periods. 

Another improvement could be reducing the time needed to get lab results which 

may help de-escalation of therapy. 
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As mentioned in chapter 2, the current study shares some similar objectives to the 

study by Robson et al. (2018), however, this journey is at the first start as we 

developed some baseline information, we might then be able to increase the 

sophistication like Robson et al. (2018). Table 4.1 shows the comparisons of key 

results and recommendations between Robson et al. (2018) and the current study. 

Table 4.1: Comparing Robson et al. (2018) study to the current study 

Robson et al. (2018) Current study  

National institution  

➢ 32 acute Scottish hospitals  

➢ 15 health boards 

Single tertiary hospital 

National antimicrobial prescribing policy No national antimicrobial prescribing 

policy  

Carbapenem restriction and carbapenem 

sparing agents policies are in place 

No restricted carbapenem policies at 

the start of the study 

To evaluate interventions that are in 

place 

To get baseline information before 

starting interventions 

Key results: 

• Good compliance with local 

prescribing policies 

• Decreased usage of carbapenems 

and piperacillin/tazobactam 

• Lack of confidence in de-escalating 

therapy  

• Poor documentation of a review or 

stop date  

• Low use of carbapenem-sparing 

antibiotics 

Key results: 

• 43.5% of the prescriptions were 

inappropriate according to an 

international guideline  

• Failure to take a culture before 

starting the therapy 

• Reluctance to de-escalate the 

therapy and to complete an IV to 

oral switch 

Recommendations:  

• There is a need to feature 

carbapenem-sparing antibiotics in 

local guidelines  

• Development of a system to allow a 

formal review process by infection 

specialists or/and the clinical team  

• Development of a national standard 

and toolkit to support review of IV 

antimicrobial therapy 

Recommendations:  

• Education and multi-professional 

approach 

• Implementation of local 

guidelines 
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Finally, the findings of this research were shared with AUV committee at KSUMC. As 

a result, the committee have started to develop respiratory tract infections 

guidelines. Moreover, it should be shared with the KSUMC infection control 

department and all physicians as a positive reinforcement of physicians' broad-

spectrum antimicrobial prescribing practices. Further, it will be shared with the 

national action plan committee to compact AMR. 

 

4.6 Future research 

This research raised a number of ideas that need further investigation. Further 

research could be the following: 

• Conduct a DUR in other governmental hospitals in different regions, as well 

as in private hospitals, to gain a broader insight into the use of broad-

spectrum antimicrobials across the Kingdom. 

• Conduct a well-designed study that looks for further factors that may impact 

the LOS, such as information about the severity of infections and illnesses, to 

determine the benefit of appropriate broad-spectrum antimicrobials in 

hospitalised patients.  

• Design and implement different interventions such as guideline 

implementation and education to improve broad-spectrum antimicrobial 

prescribing. 

• Evaluate the impact of the implemented interventions on drug utilisation, 

antimicrobial cost, and length of hospital stay. 

• Conduct a qualitative study that investigates physicians’ prescribing 

behaviour over a larger number of physicians from different specialities and 
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different Saudi hospitals, perhaps using a different qualitative methodology 

and analysis. 

• Explore the views and perceptions of other healthcare professionals, 

including pharmacists, clinical pharmacists and nurses, concerning broad-

spectrum antimicrobials and AMR. 

• Identify factors that influence the practices of taking culture from the nursing 

perspective. 

4.7 Conclusions  

This thesis aimed to explore how physicians prescribe broad-spectrum antimicrobials 

for adult hospitalised patients in the KSA using a mixed methods approach to provide 

recommendations to improve the appropriateness of prescribing. 

Results from the DUR showed a high rate of inappropriate broad-spectrum 

antimicrobial prescribing in terms of initiation and continuation of the therapy. The 

three most common reasons for inappropriate empiric prescriptions were spectrum 

of activity was too broad, the practice of prescribing broad-spectrum antimicrobials 

without taking a culture before the therapy and the failure to implement suitable de-

escalation of the therapy. These inappropriate practices could lead to increased risk 

of AMR, opportunistic infections, adverse effects and increased healthcare costs. 

Findings from qualitative study identified a variety of factors that impact broad-

spectrum antimicrobial prescribing in a hospital setting, of which many may lead to 

inappropriate l prescribing. Of these factors, the most common were patient medical 

history and clinical presentation; physician-related factors related to their sources of 

information and their attitude towards prescribing; and external factors related to 

communication with multidisciplinary teams and the institutional context. The 
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qualitative study identified that broad-spectrum antimicrobial prescribing is not 

optimal, which supports the DUR findings presented in Chapter 2, and determined 

the key drivers of inappropriate prescribing which could enable the development of 

accessible and applicable practices.  

This research has added to the insight and knowledge regarding physicians' broad-

spectrum antimicrobial prescribing for adult hospitalised patients. Moreover, it has 

contributed to strategies and recommendations to improve appropriate prescribing 

through the use of a BCW. It is important to highlight that no framework was used 

when designing the qualitative study to allow for the emergence of unprompted and 

unanticipated matters during the interviews, it was only considered to provide 

recommended interventions to improve broad-spectrum antimicrobial prescribing. 

The findings that have been found in KKUH confirms and reflects some of the existing 

data from an international perspective knowing that KSA is a very high prescribing 

country (Klein et al.,2018; WHO, 2021) This reinforces the fact that there is a need 

for effective interventions. 

From the results of this research, it would appear that the most effective and suitable 

intervention could be that focused on educating physicians about the importance of 

antimicrobial stewardship practices. Moreover, introducing antimicrobial prescribing 

guidelines should be part of the intervention. Both education and guidelines should 

consider the factors that influence physicians prescribing and involve physicians 

through multifaceted interventions that aim to improve the broad-spectrum 

antimicrobial prescribing practices for adult hospitalised patients and to impact 

effectively and positively on physicians' inappropriate prescribing practices, thus 

reducing the risk of AMR. 
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Appendix 

Appendix1. Published study (Quantitative) 

Alsaleh NA, Al-Omar HA, Mayet AY, Mullen AB. 2020 Evaluating the appropriateness of 
carbapenem and piperacillin-tazobactam prescribing in a tertiary care hospital in Saudi 

Arabia. Saudi Pharm J, 28, 1492-1498. 
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Appendix 4. List of patient information extracted from the hospital 

database  

 

1. Patient identifier 
2. Financial Number 
3. Antibiotic name 
4. Date of birth  
5. Sex 
6. Age- Years 
7. Admission Date & Time 
8. Discharge Date & Time 
9. Deceased Date & Time 
10. LOS 
11. Location 
12. Allergy 
13. Height 
14. Weight 
15. BMI 
16. Surgical Case Specialty 
17. Actual Procedure 
18. Procedure level 
19. Procedure Start Date and Time 
20. Order Date & Time 
21. Dispense Date & Time 
22. Dose Strength  
23. Dose Unit  
24. Dose Frequency  
25. Route of Administration 
26. Dose Duration  
27. Dose Duration Unit 
28. Total Dispense Doses 
29. Prescriber name 
30. Prescriber position 
31. Diagnosis Description 
32. Diagnosis Date & Time 
33. Culture request Date & Time 
34. Susceptibility Result Date & Time 
35. Organism 
36. Antibiotic  
37. Body Site 
38. Detail Susceptibility Test 
39. Micro Source Description 
40. Susceptibility Result 
41. Lab value 
42. Lab test Date & Time 
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43. Specimen Type 
44. Numeric Result Value 
45. Result Value Unit  
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Appendix 5. Retrieved disease data recoded into new co-morbidities 

categories 

Co morbidity category Disease 

Diabetes  Diabetes 

Cardiovascular disease Heart failure 
Left ventricular systolic dysfunction 
Ischaemic heart disease 
Rheumatic heart disease 
Ischaemic cardiomyopathy 
Atrial fibrillation 
Peripheral vascular disease 

Respiratory disease Asthma 
COPD 
Chronic Bronchitis 
Cystic Fibrosis 
Bronchiectasis 

Dyslipidemia Dyslipidemia 

Psychiatric disorder Depression 
Anxiety 
Generalised anxiety disorder 
Bipolar affective disorder 
Schizophrenia  

Musculoskeletal disorder Osteoporosis 

Hypertension Hypertension 

Hematological disorder Beta thalassemias 
Anemia 
Sickle cell anemia 

Gastrointestinal disease Irritable bowel syndrome  
Gastroesophageal Reflux Disease 
Gastric ulcer 
Crohn's disease 

Liver disease Hepatitis 

Kidney disease  Chronic kidney disease 
End stage renal disease 

Neurological disorders  Epilepsy 
Alzheimer's disease 
Seizure 
Dementia 

Thyroid disorder Hypothyroidism 
Hyperthyroidism 

Cancer Breast Cancer 
Bladder Cancer 
Lymphoma 
Colorectal Cancer 
Lung Cancer  
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Ovarian Cancer 
Pancreatic Cancer 
Esophageal Cancer 
Thyroid Carcinoma 
Gastric Cancer 
Rectal cancer 
Acute myeloid leukaemia 
Brain cancer 
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Appendix 6. Retrieved location data recoded into new locations 

categories 

Location in the 
retrieved data 

Location Description according to the hospital 
New 
location 
category 

K W-25A Burn K Ward-25A BURN UNIT Burn Unit 

K W-24A Cardio K Ward-24A Cardio Cardiology 

K W-31A Cardio K Ward-31A Cardio Cardiology 

K W- DSU K Ward- Day Surgery Unit Day surgery 

K Adult ED Hold K Emergency Department Adult Hold ED 

K ED Adult K Emergency Department Adult ED 

A W-6B A Ward 6B Female ENT 
Internal 
medicine 

A W-7A A Ward 7A Male Ophtha / Cornea / External  
Internal 
medicine 

A W-6A A Ward 6A Male ENT 
Internal 
medicine 

A W-7B A Ward 7B Female Ophtha / Cornea / External  
Internal 
medicine 

K W-25 F MED 
K Ward-25 F MED (CTU4,Pulmonology, 
Dermatology) 

Internal 
medicine  

K W-37 Med K Ward-37 medicine 
Internal 
medicine 

K W-32A Med K Ward-32A medicine 
Internal 
medicine 

K W-35 BC K Ward-35 Business Center 
Internal 
medicine 

K W-31A Short Stay K Ward-31A Short Stay 
Internal 
medicine 

K W-23 F MED 
K Ward-23 F 
MED(CTU1,CTU2,Neurology,Gastroenterology) 

Internal 
medicine 

K W-42 Academic  K Ward-42 Academic Staff 
Internal 
medicine 

K W-34A Med K Ward-34A medicine 
Internal 
medicine 

K W-39 Med K Ward-39 medicine 
Internal 
medicine 

K W-24 F MED 
K Ward-24 F MED 
(CTU4,Nephrology,Rheumatology) 

Internal 
medicine 

K W-32 M MED 
K Ward-32 M 
MED(CTU1,CTU2,Nephro,Neuro,Derma) 

Internal 
medicine 

K W-33 M MED 
K Ward-33 M 
MED(CTU3,CTU4,Gastro,Rheuma,Pulmo) 

Internal 
medicine 
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K W-38 Med K Ward-38 medicine 
Internal 
medicine 

K W-41 Academic  K Ward-41 Academic Staff 
Internal 
medicine 

K W-37 ISO K Ward-37 Isolation Unit 
Internal 
medicine  

K W-25B Med K Ward-25B medicine 
Internal 
medicine  

K W-39 ISO K Ward-39 Isolation Unit 
Internal 
medicine  

K W-32BC ISO K Ward-32BC Isolation Unit 
Internal 
medicine  

K W-32 M ISO K Ward-32 Male Isolation Unit 
Internal 
medicine  

K W-38 Iso K Ward-38 Isolation Unit 
Internal 
medicine  

K W-23AC Iso K Ward-23AC Isolation Unit 
Internal 
medicine  

K W-23 F ISO K Ward-23 Female Isolation Unit 
Internal 
medicine  

K W-02 M Psych K Ward-02 Male Psychiatry 
Internal 
medicine  

K W-01 F Psych K Ward-01 Female Psychiatry 
Internal 
medicine  

K W-15A MERS-CoV  
K Ward-15A MERS-COV BAY Adult Medical 
Surgery 

Surgical 

K W-HDU K Ward - High Dependency Unit HDU 

K W-22A Long Stay K Ward-22A Long Stay Critical Care ICU 

K CCU K 3rd Floor - Cardiac Care Unit ICU 

K CICU K 2nd Floor - Cardiac Intensive Care Unit ICU 

K MICU K 3rd Floor - Medical Intensive Care Unit ICU 

K SICU K 2nd Floor - Surgical Intensive Care Unit ICU 

K W-32A LSCC F K Ward-32A Long stay unit F 
Long stay 
unit 

K W-32B LSCC M K Ward-32B Long stay unit M 
Long stay 
unit 

K W-32B Neuro K Ward-32B Neurology Neuro 

K W-13 ANT K Ward-13 Antenatal Patients OBG 

K W-15B Gynae K Ward-15B Gynae Patients OBG 

K W-14A PN K Ward-14A Post Natal Patients OBG 

K W-25B MODC K W-25B Oncology/Hematology 
Oncology/
Hematolog
y 

K W-44 M/F 
ONCO/HEMA 

K Ward-44 M/F (Palliative/Iodine/Onco/Hema) 
Oncology/
Hematolog
y 
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K W-54 F 
ONCO/HEMA 

K Ward-54 F Adult/Pedia(Onco/Hema) 
Oncology/
Hematolog
y 

K W-34A Ortho K Ward-34A Orthopedics 
orthopedic
s 

K W-31B PDDC – 
Adult 

K Ward-31B PDDC - Adult 
Internal 
medicine 

K W-31B RDU K Ward-31B Renal Dialysis Unit 
Internal 
medicine 

K W-21B-F 
CS/CARDIO 

K Ward-21B-F Cardiac Surgery/Cardiology Surgical 

K W-36 Vas Sur Adult 
M 

K Ward-36 Surgery Surgical 

K W-21A-M 
CS/CARDIO 

K Ward-21A-M Cardiac Surgery/Cardiology Surgical 

K W-22A Vas Sur K Ward-22A Surgery Surgical 

K W-33B Sur K Ward-33B Surgery Surgical 

K W-36 M/F Surg K Ward -36 M/F Surg Trauma & Acute Care Surgical 

K W-41 GS M K Ward-41 GS M Surgical 

K W-21A CVD Sur K Ward-21A CVD Sur Surgical 

K W-51 F Gen Surg 
K Ward-51 F General Surgery 
(END,CRS,Acute,UGI,HBS) 

Surgical 

K W-52 F Surg K Ward-52 F Surg (PED,Uro,Vas,ENT,FM,PM) Surgical 

K W-36 Adult M K W-36 General Surgery Adult M Surgical 

K W-38 M Surg K Ward-38 M URO,VASC,ENT,DM Foot,PM Surg Surgical 

K W-37 M GS K Ward-37 M General Surgery Surgical 

K W-33A Sur K Ward-33A General Surgery Surgical 

K W-25A P Sur M K Ward-25A General Surgery Surgical 

K W-39 M Surg 
K Ward-39 M Neuro-Thoracic,Facio,Plast,Burn 
Surg 

Surgical 

K W-53 F Surg 
K Ward-53 F Surg (Neuro Surg, Thoracic, Plastic, 
Burn) 

Surgical 

K W-24A UroSurg K Ward-24A UroSurgery Surgical 

K W-24A DSU M K Ward-24A Day surgery unit Surgical 

K W-21B Nur Sur K Ward-21B Neuro Sur Surgical 

K W-42 Male Peds 
Ortho 

K Ward-42 Male Pediatrics Orthopedics Surgical 

K W-43 Fmale Peds 
Ortho 

K Ward-43 Female Pediatrics Orthopedics Surgical 

K W-22B Ortho K Ward-22B OrthoSurgery Surgical 
  Key: ED: Emergency department; HDU: High dependency unit; Ortho: Orthopedics; OBG:   

Obstetrics and gynaecology; Neuro: Neurology.
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Appendix 7. King Saud University Medical City Antibiogram 



 

288 
 



 

289 
 

 



 

290 
 



 

291 
 



 

292 
 

 

 



  

293 
 



  

294 
 



  

295 
 



  

296 
 



  

297 
 



  

298 
 



  

299 
 



  

300 
 



  

301 
 

Appendix 8. Empiric and prophylactic indication of carbapenems and 

piperacillin-tazobactam according to IDSA (Infectious Diseases Society 

of America, 2018) 

Indication of empiric therapy  

Sepsis 
 
Hospital-acquired Pneumonia 
 
Ventilator-associated Pneumonia 
 
Community-acquired 
pneumonia  

if P. aeruginosa is a consideration (e.g., in 
patients with bronchiectasis, chronic oral 
steroid use, or late HIV infection, ICU) 
 

Urinary tract infection Recurrent UTI where microbiology indicated 
susceptibility only to those antimicrobials 
 

Febrile neutropenia  
 
Diabetic foot infection Moderate to severe diabetic foot infection 
Intra-abdominal infection • Community-acquired acute cholecystitis of 

severe physiologic disturbance, advanced 
age, or immunocompromised state. 

• Acute cholangitis following bilio-enteric 
anastamosis of any severity. 

• Healthcare–associated biliary infection of any 
severity. 
 

Skin and soft tissue infection • Incisional Surgical Site Infections if surgery of 
Intestinal or Genitourinary Tract. 

• Necrotizing Fasciitis, Including Fournier 
Gangrene. Cellulitis with systemic signs of 
infection. 

Note:  

• Surgical prophylaxis for patients undergoing liver transplantation 

• Piperacillin-tazobactam should be avoided for the treatment of infections caused by 

ESBL-E, even if susceptibility to piperacillin-tazobactam is demonstrated 
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Appendix 9. DDD and DDD per 100 bed – days calculations (WHO, 

2020) 

 

 

DDD= 
Total amount of consumption (grams)

WHO antimicrobial specific average DDD
 

 

DDD for imipenem= 2 g 

DDD for meropenem= 3 g 

DDD for piperacillin-tazobactam= 14 g 

DDD per 100 bed-days= 
DDD

100 bed−days
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Appendix 10. Confidence interval calculation 

 

Confidence Interval = Risk differences ± 1.96 x Standard error (SE) of the risk 

difference]    

SE of the risk difference=√
 n1

N
(1 −

 n1

N
) (

 1

m0
+  

1

m1
) 

Below is an example of calculating CI: 

n1= 2787 

N= 4929 

m0=2484 

m1=2445 

SE= √0.565 ∗ 0.435 ∗ 0.0008 =  0.01412 

The risk differences = 0.443-0.426 = 0.017 

CI for gender is 0.017 -1.96* 0.01412= -0.011 

CI for gender is 0.017 +1.96* 0.01412 = 0.044 
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Appendix 11. Published study (Qualitative) 

 
Alsaleh NA, Al-Omar HA, Mayet AY, Mullen AB. 2021. Exploring Physicians' Views, 
Perceptions and Experiences about Broad-Spectrum Antimicrobial Prescribing in a Tertiary 
Care Hospital Riyadh, Saudi Arabia: A Qualitative Approach. Antibiotics (Basel), 10, 366. 
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Appendix 12. Participant’s Invitation Letter 

You are invited to participate in this study which is investigating the physicians' 

practices in broad-spectrum antimicrobials prescribing in KSUMC. It is concerned with 

determining physicians’ practices of broad-spectrum antimicrobials and exploring 

what influences them when prescribing broad-spectrum antimicrobials. This study 

will help to inform future developments associated with the delivery of care in your 

hospital. The aim is to find measures that could help physicians’ when prescribing 

broad-spectrum antimicrobials. 

All physicians’ prescribing broad-spectrum antimicrobial to adult patients and 

working in hospital wards are welcomed to take part in this research. 

This is qualitative research; the interview will take approximately 30 minutes and will 

be digitally recorded. 

If you are willing to participare, please email me and I will be happy to schedule a 

meeting with you at your convenience date and time. Kindly read the attached 

participant’s information sheet, and if you require any further information or 

clarification, please contact me  

Thank you for your time and consideration. 

Yours faithfully, 

Nada Alsaleh, MSc 

PhD Research Student-external supervision joint programme 

Institute of Pharmacy and biomedical Science 

University of Strathclyde  

Email:Nada.alsaleh@strath.ac.uk 

Tel: 966555443885 

mailto:Nada.alsaleh@strath.ac.uk
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Appendix 13. Participant’s information sheet  

Title of the study 

A qualitative study exploring physicians’ views and perceptions about broad-

spectrum antimicrobials prescribing and factors influencing broad-spectrum 

antimicrobials prescribing 

Purpose of the study 

The aim of this study is to understand broad-spectrum antimicrobial prescribing 

practises among physician practicing in hospital settings, in order to find measures 

that could improve broad-spectrum antimicrobial prescribing practices.  

Why am I being asked to participate in this research?  

We are recruiting physicans who have prescribed broad-spectrum antimicrobails for 

adult hospitalized patients. 

What will happen if I decide to participate? 

 If you decide to participate, a PhD student, Nada Alsaleh (NA), will conduct a short 

interview which will last approximately 30 minutes to explore your views, 

perceptions and practice in broad-spectrum antimicrobial prescribing. The interview 

will be conducted at your convenient date and time. You can stop the interview any 

time if you no longer want to participate or you can skip any question that you don’t 

want to answer. The interview will be audio recorded. Before starting the interview, 

you will be given a consent form to sign. You can have a copy of the signed consent 

form and this information sheet. 

Do I have to take a part?  

No, your participation is voluntary and you are free to decide not to participate or to 

withdraw at any time without giving a reason. 



  

307 
 

Is there is any possible risk of participating? 

 All data will be confidential and will remain anonymous. 

What are the possible benefits of participating? 

Participating will provide information that will help to get better understanding of 

the broad-spectrum antimicrobial prescribing practices. In turn, this will help in 

developing a quality improvement plan that will improve patients’ outcome and 

decrease antimicrobial resistance. The findings will be reported in the researcher’s 

(NA) PhD thesis and may be published in journals. 

Contact for further information: If you need more information, you can contact the 

researcher, Nada Alsaleh (who will conduct the interview) using the following contact 

details: 

Nada Alsaleh 

PhD Research Student-External Supervision Joint Programme 

Institute of Pharmacy and biomedical Science 

University of Strathclyde  

Email:Nada.alsaleh@strath.ac.uk 

Tel: 966555443885 

You can also contact the research supervisors using the followin contact details: 

Professor Ahmed Mayet 

Professor in clinical pharmacy 

College of Pharmacy  

King Saud University  

 Email: iymayet@ksu.edu.sa     

 Tel: 966 14677487 

       966 14679519 

mailto:Nada.alsaleh@strath.ac.uk
mailto:iymayet@ksu.edu.sa
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Dr. Hussain A. Al-Omar 

Assistant Professor of Pharmacoeconomics and Healthcare Professionals Behaviour 

College of Pharmacy  

King Saud University  

Email: halomar@ksu.edu.sa   

Tel: +966551113337  

 

Thank you for reading this information sheet and for considering participating in 

this research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:halomar@ksu.edu.sa
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Appendix 14. Consent Form 

Study title: Physicians’ views and perceptions about broad-spectrum antimicrobials 

and factors influencing broad-spectrum antimicrobial prescribing 

 

• I confirm that I have read the participant information sheet and fully 

understand the information provided  

□ 

• I confirm that I was given the opportunity to ask questions  □ 

• I understand that my participation in this study is voluntary and that I am free 

to withdraw at any time without giving reasons 

□ 

• I understand that the interview will be audio recorded then transcribed  □ 

• I understand that the data obtained from the interview will be anonymised □ 

• I understand that the results may be published  □ 

• I agree to take part in the study and participate in the interview □ 

 

___________________ _ _  / _ _ / _ _ _ _ __________ 

Name of participant Date Signature 

___________________ _ _  / _ _ / _ _ _ _ __________ 

Name of researcher Date Signature 
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Appendix 15. Interview topic guide  

 

Physicians’ views and perceptions about broad-spectrum antimicrobials and factors 

influencing broad-spectrum antimicrobial prescribing 

Qualitative evaluation of prescribers’ views and behaviours (30-35 mins) 

Interview introduction (3 mins) 

Thank you for coming today to take part in this interview. As I explained to you in my 

original email, we are interested in antimicrobial prescribing behaviour and to 

understand levers and barriers faced by front-line clinicians such as yourself in 

ensuring safe, rational and effective prescribing of broad-spectrum antimicrobials. 

As mentioned in the information sheet, so that I don’t have to take long notes and 

can concentrate on what you are telling me I am going to record this meeting if you 

are still okay with that? 

It is important to emphasise that there are no ‘right’ or ‘wrong’ answers so please 

speak freely. This interview will last for approximately 30 minutes, will be recorded 

and then anonymously transcribed before analysis by me and my academic 

supervisors. 

 I guarantee your confidentiality throughout the process and you can withdraw from 

participation at any time without giving a reason, until a report has been published. 

  

• Before we start, do you have any questions about the study?  

• Could you please sign the consent form? 

 

Part A: Demographics 
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Age (years):     _____     

 

Gender:                        Male                        Female  

Speciality:   __________________ 

 

Working position: 

           Junior resident                 Senior resident           

       Fellow                Attending physician           Other:___ 

 

Attended university: __________________ 

Qualification: __________________________ 

Working experience (years): ____ 

Working experience outside KSA:   Yes,         (Country: __________ Duration :______)      

                                                              No    
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Part B: Questions & prompts 

1. Practice of broad-spectrum antimicrobial prescribing 

• What would you consider a broad-spectrum agent? 

• What is your understanding of appropriate broad-spectrum antimicrobial 
prescribing? 

• What is your understanding of inappropriate broad-spectrum antimicrobial 
prescribing? 

• In your daily practice, how do you plan or decide on prescribing broad-spectrum 
antimicrobials? 

• In your daily practice, how often do you request cultures before starting broad-
spectrum antimicrobial therapy? In which situation(s) do you decided not to request 
a culture prior to initiation of a broad-spectrum antimicrobial? 

• In your daily practice, how do you plan or decide on prescribing broad-spectrum 
antimicrobials? 

• What factors influence your decision to start broad- spectrum antimicrobial? 
 Infection severity                                                     
 patient factors 
 Costs 
 peer or patient pressures  
 hospital antibiogram 

 

• In your practice, have you ever prescribed broad-spectrum antimicrobial when you 
think you could prescribe a narrow-spectrum? Tell me about those circumstances? 

• In your daily practice, how often do you subsequently narrow antimicrobial therapy 
based on culture/sensitivity results? 

• In your daily practice, how often do you convert antimicrobial therapy from IV to 
oral? 

• How has your clinical experiences shape your practice of prescribing broad-spectrum 
antimicrobials? 

• How has the clinical experience of your colleagues’ practice has impacted on your 
broad-spectrum antimicrobial prescribing?  

• How has the institutional policy impacted your broad-spectrum antimicrobial 
prescribing practice? 

• How has the institutional support i.e., infectious diseases specialist, clinical 
pharmacist and education impacted your broad-spectrum antimicrobial prescribing 
practice? 

2. Barriers of appropriate broad-spectrum antimicrobial prescribing 

• How do you view your broad-spectrum antimicrobial prescribing practices compared 
to your colleagues? Do you agree with their decision on broad-spectrum 
antimicrobial prescribing? how are disagreements on therapy discussed/concluded? 

• In your own view and clinical experience, what could be the possible 
challenges/barriers associated with broad-spectrum antimicrobial prescribing? 

• In your belief, who or what contribute to these challenges/barriers? 
3. Strategies and interventions to improve broad-spectrum antimicrobial prescribing 

• In your daily practice, do you use any antimicrobial guidelines to help you in your 
antimicrobial prescribing, if yes what is/are they? 
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• In your daily practice, do you use any electronic tools to help you in your antimicrobial 
prescribing, if yes what is/are they? 

• Do you think you have had sufficient support, education and training on broad-
spectrum antimicrobial prescribing? 

• In your view, what could be the most useful tool(s), intervention(s) or measure(s) to 
improve appropriate broad-spectrum antimicrobials prescribing? 

4.  Summary 

• Is there anything else you would like to add? 
❖ Probing and prompting 

• Can you tell me more about? 

• What do you mean by that? 

• Can you please give me an example? 

• Could you explain more? 

• Is there anything you want to say about this? 
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Appendix 16. Example of coding using NVivo®
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Appendix 17. COREQ: Consolidated criteria for reporting qualitative 

research: a 32-item checklist for interviews and focus groups 

Developed from: 

Tong A, Sainsbury P, Craig J. 2007. Consolidated criteria for reporting qualitative 

research (COREQ): a 32-item checklist for interviews and focus groups. International 

Journal for Quality in Health Care, 19, 349 – 357. 

 

Section/Topic Item 
No 

Checklist item Reported on 
page No 

Domain 1: Research team and reflexivity 

Personal Characteristics 

Interviewer/facilitator 1 Which author/s conducted the 
interview or focus group? 
Interviewer/facilitator 

Nada Alsaleh 

Credentials 2 What were the researcher’s 
credentials? E.g. PhD, MD 

MSc 
pharmacist 

Occupation 3 What was their occupation at the 
time of the study? 

PhD student 

Gender 4 Was the researcher male or 
female? 

Female  

Experience and 
training 

5 What experience or training did 
the researcher have?  

The researcher 
participated in 
many 
qualitative 
research 
courses and 
workshops 

Relationship with participants 

Relationship 
established 

6 Was a relationship established 
prior to study commencement? 

No  

Participant 
knowledge of the 
interviewer 

7 What did the participants know 
about the researcher? e.g. 
personal goals, reasons for doing 
the research 

Participant 
information 
sheet  

Interviewer 
characteristics 

8 What characteristics were 
reported about the 
interviewer/facilitator? e.g. Bias, 
assumptions, reasons and 
interests in the research topic 

Not reported 

Domain 2: study design 

Theoretical framework 

Methodological 
orientation and 
Theory 

9 What methodological orientation 
was stated to underpin the study?  
e.g. grounded theory, discourse 

Methods 
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analysis,  ethnography,  
phenomenology, content analysis 
 

Participant selection 

Sampling 10 How were participants selected? 
e.g. purposive, convenience, 
consecutive,  snowball 

Purposive and 
snowball detail 
description in 
the methods  

Method of approach 11 How were participants 
approached? e.g. face-to-face, 
telephone, mail, email 

Email  

Sample size 12 How many participants were in 
the study? 

16 

Non-participation 13 How many people refused to 
participate or dropped out? 
Reasons? 

0 

Setting of data 
collection 

14 Where was the data collected? 
e.g. home, clinic, workplace 

Data was 
collected via 
phone  

Presence of non-
participants 

15 Was anyone else present besides 
the participants and researchers? 

No  

Description of sample 16 What are the important 
characteristics of the sample? e.g. 
demographic data,  date 

Results Table 
3.1  
speciality and 
year of 
experience  

Data collection 

Interview guide 17 Were questions, prompts, guides 
provided by the authors? Was it 
pilot tested? 

Yes  

Repeat interviews 18 Were repeat interviews carried 
out? If yes, how many? 

No  

Audio/visual 
recording 

19 Did the research use audio or 
visual recording to collect the 
data? 

Audio 
recorded 

Field notes 20 Were field notes made during 
and/or after the interview or focus 
group? 

Yes  

Duration 21 What was the duration of the 
interviews or focus group? 

An average 
duration of 30 
minutes 
[durations 
ranged from 
17-56 minutes] 

Data saturation 22 Was data saturation discussed? Yes  

Transcripts returned 23 Were transcripts returned to 
participants for comment and/or 
correction? 

No  
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Domain 3: analysis and findings 

Data analysis 

Number of data 
coders 

24 How many data coders coded the 
data? 
 

Methods 

Description of the 
coding tree 

25 Did authors provide a description 
of the coding tree? 

Yes   

Derivation of themes 26 Were themes identified in 
advance or derived from the data? 

Derived from 
the data  

Software 27 What software, if applicable, was 
used to manage the data? 

Nvivo 

Participant checking 28 Did participants provide feedback 
on the findings? 

No  

Reporting 

Quotations presented 29 Were participant quotations 
presented to illustrate the themes 
/ findings? Was each quotation 
identified? e.g. participant 
number 

Yes-results  

Data and findings 
consistent 

30 Was there consistency between 
the data presented and the 
findings? 

Yes-discussion  

Clarity of major 
themes 

31 Were major themes clearly 
presented in the findings? 

Yes-results  

Clarity of minor 
themes 

32 Is there a description of diverse 
cases or discussion of minor 
themes? 

Yes-results  
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Appendix 18. A 15-Point Checklist of Criteria for Good Thematic 

Analysis Process 

 

Developed from: 

Braun, V., & Clarke, V. 2006. Using thematic analysis in psychology. Qualitative 
research in psychology, 3, 77-101. 
 

Transcription 1. The data have been transcribed to an appropriate level 
of detail, and the transcripts have been checked against 
the tapes for ‘accuracy’. 

Coding 2. Each data item has been given equal attention in the 
coding process. 

 3. Themes have not been generated from a few vivid 
examples (an anecdotal approach) but, instead, the 
coding process has been thorough, inclusive and 
comprehensive. 

 4. All relevant extracts for all each theme have been 
collated. 

 5. Themes have been checked against each other and back 
to the original data set. 

 6. Themes are internally coherent, consistent, and 
distinctive. 

Analysis 7. Data have been analysed rather than just paraphrased or 
described. 

 8. Analysis and data match each other – the extracts 
illustrate the analytic claims. 

 9. Analysis tells a convincing and well-organised story about 
the data and topic. 

 10. A good balance between analytic narrative and 
illustrative extracts is provided. 

Overall 11. Enough time has been allocated to complete all phases 
of the analysis adequately, without rushing a phase or 
giving it a once-over-lightly. 

Written report 12. The assumptions about ThA are clearly explicated. 

 13. There is a good fit between what you claim you do, and 
what you show you have done – ie, described method 
and reported analysis are consistent. 

 14. The language and concepts used in the report are 
consistent with the epistemological position of the 
analysis. 

 15. The researcher is positioned as active in the research 
process; themes do not just ‘emerge’. 

 
 


