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Abstract 

 

Introduction: Computerised physician order entry (CPOE) linked with clinical 

decision support systems (CDSS) are part of health information technology (HIT) 

advocated to reduce medication errors, providing considerable opportunities into 

their evaluation in developed as well as developing countries. Evaluations on their 

use in Kingdom of Saudi Arabia have been limited, no evaluations to date have been 

carried out in King Saud University Medical City (KSUMC) hospitals.  

Aims: The thesis aims were to conduct an updated systematic review of medication 

safety research from the Gulf Cooperation Council countries (GCC). Additional aims 

were to use a mixed methods approach to evaluate utilisation of CPOE and CDSS 

in KSUMC hospitals and to develop generalisable recommendations for improved 

medication-related alert designs and alert handling practises. 

Methods: The medication safety literature was searched systematically and one of 

the gaps identified was addressed. Thus, use of HIT in KSUMC was evaluated, 

combining quantitative and qualitative methods of data collection and analysis. 

System generated CDSS reports were retrospectively reviewed and analysed. 

Displayed alerts were characterised, rates of alert overrides calculated, and 

appropriateness of alert display and alert override were assessed. Semi-structured 

interviews were conducted with prescribing physicians.  

Results: During the study period a total of 4,446,730 medication-related alerts were 

generated, 4,231,743 (95%) were overridden. The highest frequency alert type 

generated was ‘drug duplicate’, 3,549,736 (about 80% of all alerts).  Of 307 alerts 

assessed 246 (80%) were judged to have been displayed appropriately and 244 

(79%) were overridden appropriately.  The main themes identified from interviews 

related to ‘the system’, ‘human perspectives’ and ‘organisational context’.  

Conclusions: The override rate calculated at KSUMC was higher than rates 

reported in international literature. Revision of the logarithmic rules for generated 

alerts (specificity and relevance for the KSUMC context) and determination of any 

patient harm from overridden alerts is now recommended. 
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 Impact Statement 

The work presented in this thesis has potential to be useful and beneficial inside 

and outside academia for the Gulf Cooperation Council (GCC) countries’ context 

and elsewhere. 

 

Impact within this research area 

The studies of this thesis have reaffirmed and created knowledge in this field that 

may advise future academic and clinical research. The conducted systematic review 

concluded that future studies should be designed with the research questions in 

mind. Concepts of multi-disciplinary research should be integrated within the 

curricula of medical, pharmacy and allied health sciences schools in the GCC region 

to encourage collaborative research focussing on medication safety. Knowledge 

gained from the empirical work may inform future studies on utilisation of CPOE and 

clinical decision support systems (CDSS) including:  

•  Baseline data for future researchers in the Kingdom of Saudi Arabia (KSA) and 

GCC region by characterisation of medication related alert generation, types of 

alerts generated from inpatient and outpatient settings and rates of overriding 

alerts when embarking on future alert generation and override studies. 

• Criteria used to assess alerts for appropriateness of display and appropriateness 

of override (partially adapted criteria, partially developed iteratively) can be used 

by other researchers.  

 

Impact on clinical practice 

The empirical research results lead to development of recommendations for 

improved generation and delivery of medication related alerts, which have potential 

to improve medication related alert specificity and modify alert handling by 
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physicians, all of which can be shared with institutions implementing CPOE and 

CDSS in KSA and the GCC region. 

• Suggestions for revision and modification of the medication related information 

in the Multum® database to ensure agreement with local practice and guidelines. 

This revised and reviewed medication related information to be integrated in the 

knowledge database to permit generation of patient tailored medication related 

CDSS alerts.  

• Experiences of KSUMC with implementation of CPOE and CDSS can be shared 

with other institutions and lessons learnt to help overcome potential obstacles.  

• Participants’ suggestions from the interviews can be considered for future CPOE 

and CDSS updates as well as for providing optimal health care practitioner 

training for CPOE use. 

• Evaluation of CPOE and CDSS can be an initiative on the national level, with the 

involvement of the Ministry of Health, and a team of professionals built for this 

task. 

Realisation of impact 

Since publication, the systematic review has received a citation by a qualitative 

research article addressing medication errors in an adult oncology department in 

KSA. I have been contacted by a pharmacist who will be involved in the 

implementation of CPOE in a hospital in United Arab Emirates, who has expressed 

interest in our experiences during implementation.  

Currently I am a lecturer in the college of pharmacy, King Saud University, and when 

I finish my PhD hope to continue teaching and to supervise students with interests 

in this research area. An important next step would be developing robust dosing 

knowledge for the context of KSA for more medications in collaboration with clinical 

staff to be disseminated to other healthcare establishments in KSA and possibly 

internationally. 
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Structure of this thesis 

This section provides a succinct description of the of the thesis contents. Chapter 

one presents a brief background on quality and safety in healthcare and define 

some commonly used medication safety terms. Data on effect of computerised 

physician order entry (CPOE) and clinical decision support system (CDSS) from 

developed countries is reported. The healthcare system in Kingdom of Saudi 

Arabia (KSA) is introduced, as is the limited published data from KSA on CPOE 

and CDSS use, warranting further evaluations. Chapter two presents the aim and 

objectives of this thesis as well as the reasoning for the methodological 

approaches considered for the empirical studies of the thesis. The findings of the 

systematic search of the literature on the safety of medication use in the Gulf 

Cooperation Council countries are in chapter three, with implications for this PhD 

and recommendations for future research. The empirical studies carried out 

during this PhD follow. The methods used and results of the quantitative 

assessment of CPOE and CDSS medication related generation are described in 

chapter four. In chapter five the methods and findings of qualitative interview 

study on physicians’ perceptions towards use of CPOE and CDSS to order 

medications are described. This thesis concludes with chapter six, a discussion 

of this research and the clinical implications of the findings and recommendations 

for improved practice, and future research.  Figure 1.0 below shows the individual 

chapters of the thesis and how these chapters fit together as a coherent whole. 

The figure will also be brought up again at the beginning of each chapter, thus 

aiding in signposting as a review of chapters. 
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Chapter 1: Thesis overview 

This chapter will give a brief background on the concepts of quality and safety in 

healthcare then introduce and define specific medication error terms. The use of 

computerised physician order entry systems (CPOE) and clinical decision support 

systems (CDSS) in Kingdom of Saudi Arabia (KSA) will be discussed.  

 

 

 

 

 

 

Figure 1.1 Thesis structure 

1.1 Quality and safety in healthcare 

Quality has been defined in the dictionary as: 

 “The standard of how good something is as measured against 
other similar things”. 
                                                                   (Soanes et al., 2006).   

Safety is defined in the dictionary as: 

 “The condition of being protected from danger, harm or risk”. 

                                                                   (Soanes et al., 2006). 
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Many view quality healthcare as the overarching umbrella under which patient 

safety exists (Mitchell, 2008). Worldwide, the delivery of healthcare is challenged 

by a wide range of safety problems. The World Health Organization (WHO) 

released in the report published 2007 that the traditional medical oath “first do no 

harm” (attributed to Hippocrates circa 470-360 B.C) is rarely violated intentionally 

by physicians, nurses, or other practitioners, but the fact remains that patients are 

harmed every day in every country across the globe in the course of receiving 

healthcare (WHO; 2007). However, the data on structural and process factors that 

affect patient safety come almost exclusively from a small number of developed 

nations. This makes understanding the underlying causes of unsafe care or 

recommending solutions to improve safety in developing and transitional nations 

extremely difficult (Jha et al., 2010). As early as 1966, Donabedian has stated 

that it is important to identify discrete, readily measurable data that can provide 

information about the quality of medical care. The data used may be about 

aspects of structure, process, outcomes  (Donabedian, 2005). The Agency for 

Healthcare Research and Quality in USA defines ‘structure’ as the resources and 

organisational arrangements in place to deliver care, ‘process’ as the activities of 

providers for delivering care and ‘outcomes’ as the consequences of clinical 

activities by providers (Benner et al., 2008). The Institute of Medicine’s (IOM) 

report, To Err Is Human: Building a Safer Health System (Kohn et al., 2000) 

stimulated an intensely expanded level of conversations and concern about 

patient injuries in health care both in the United States of America (USA) and 

abroad. One of the studies that formed the basis of the data of the report was the 

Harvard Medical Practice Study part one (Brennan et al., 1991) and part two  

(Leape et al., 1991). Results from this two-part study showed that 1,133 patients 

(3.7%) were identified with disabling injuries caused by medical treatment from a 

sample of 30,195 randomly selected hospital records in the USA. It was found 

that up to 19% of these injuries were relevant to the use of medication. The IOM 

report (Kohn et al., 2000) brought the problem of medical safety into public 

awareness and made four major points: errors are common and costly, systems 

cause errors, errors can be prevented, and safety can be improved, and 
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medication-related adverse events are the single leading cause of injury, these 

points were later restated by (Bates, 2007) .  

 To better understand the causes and impact of the delivery of unsafe medical 

care from a global perspective, the WHO patient safety team convened an ad-

hoc expert working group to establish priorities for research topics on patient 

safety (Jha et al., 2010), as shown in Table 1.1. The panel of expert reviewers 

identified twenty-three major safety topics, then each was reviewed in detail to 

describe the basic epidemiology of the topic. The topics were classified according 

to the quality domains of Avedis Donabedian (Donabedian, 1966) which are 

structure, process, outcome as described earlier in this section.  Eight of the 

twenty-three topics were classified as structural, five as process, and ten as 

outcomes (Jha et al., 2010). These topics covered areas that could impact the 

health system at many different levels.  
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Table 1.1: Major safety topics identified by WHO patient safety group. 
Topic 

number 
Quality 
domain 

Patient safety topic 

1 Structure Organisational determinants and latent failures 

2 Structure Structural accountability, use of accreditation and regulation to 

advance patient safety 

3 Structure Safety culture 

4 Structure Inadequate training, education, manpower issues 

5 Structure Stress and fatigue 

6 Structure Production and pressures 

7 Structure Lack of appropriate knowledge and availability of knowledge, as well 

as transfer of knowledge 
8 Structure Devices, procedures without human factors engineering 

9 Process Errors in process of care through misdiagnosis 

10 Process Errors in the process of care through poor test follow up 

11 Process Errors in the process of care: counterfeit and substandard drugs 

12 Process Measures of patient safety 

13 Process Errors in process: unsafe injection practices 

14 Outcomes Adverse events and injuries due to medical devices 

15 Outcomes Adverse events due to medications 

16 Outcomes Adverse events: injury to patients due to surgical errors 

17 Outcomes Adverse events due to healthcare associated infections 

18 Outcomes Adverse events due to unsafe blood products 

19 Outcomes Patient safety among pregnant women and newborns  

20 Outcomes Patient safety concerns among older adults  

21 Outcomes Adverse events due to falls in hospitals  

22 Outcomes Injury due to pressure sores and decubitus ulcers  

23 Outcomes How to bring the patient’s voices into the agenda  
Adapted from (Jha et al., 2010). 
 

1.2 Evaluation of quality in healthcare 
The verb evaluate has been defined as: 

“To determine the significance, worth, or condition of, usually by 
careful appraisal and study”. 

                                                           (Merriam-Webster, 2019a). 
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Evaluation of improvement initiatives in healthcare is essential to establish 

whether interventions are effective and to understand how and why they work 

(Brewster et al., 2015). One must not look at evaluation as a solitary unilateral 

process, but rather as collaborative process encouraging people to reflect on their 

practice, think critically and ask questions on why the programme operates the 

way it does (Weiss, 1998). Evaluations often come up with resultant 

recommendations on ways to improve the programme or recommendations to cut 

existing costs. However, there can be obstacles to the implementation of 

endorsed changes and seeing the recommendations become a reality. Among 

the possible obstacles are staff differences in opinions regarding what the 

prioritised issues should be; changes in staff; rigidity in organisation rules; or other 

shifts in external circumstances that make organisations unable to respond to the 

recommended changes (Weiss, 1998). The next sections discuss the issues of 

medication safety, medication errors and the innovation computerised physician 

order entry that is adopted instead of paper-based prescribing of medications. 

1.3 Medication safety and medication errors in 

healthcare 
The previous sections indicated that patient harm from medication-related 

adverse events is reported globally, and that evaluation of improvement 

innovations in healthcare is essential to understand if they are effective. An 

important aspect of quality healthcare is to ensure safety of patients from harm. 

The English National Institute for Health and Excellence (NICE) guideline for 

medicines optimisation states that:  

“Medicines prevent, treat or manage many illnesses or conditions 
and are the most common intervention in healthcare”. 
                                                                                (NICE, 2015). 

 

When discussing medication-related harm, it is important to highlight that there is 

wide variation in terminology and definitions used by authors of studies and how 
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they are applied (Dean Franklin et al., 2005). Three commonly used medication 

related harm terms are defined below: 

Adverse drug event (ADE): “Any iatrogenic harm related to 
medication. This includes harm related to both adverse drug 
reactions and medication errors.” 
                                                          (Dean Franklin et al., 2005). 

 
Adverse drug reaction (ADR): “A response to a drug that is 
noxious, unintended and this occurs at doses used in man”. 
                                                                                (WHO, 2002). 

  
Medication error (ME): “Any error in prescribing, dispensing, or 
administration of medication. A medication error may or may not 
result in patient harm, but it is preventable”. 
                                                     (Edwards and Aronson, 2000). 

 

Some types of medication related events are unpreventable while others (for 

example ME) are considered preventable. Efforts to understand medication use 

systems, where medication errors occur and how to prevent them from occurring 

have been the focus of plenty of research in many countries. Medication-related 

adverse events can stem from structural factors that contribute to unsafe patient 

care. Examples are by the organisation’s safety culture, the role accreditation and 

regulations play and human factors engineering (Jha et al., 2010). Like other 

injuries due to medical care, ADEs can be associated with errors and be classified 

as preventable or non-preventable. They can occur at any stage in the medication 

use process including ordering (prescribing), transcribing, dispensing, 

administering and monitoring (Morimoto et al., 2004). Prescribing, or as stated 

above, the ordering stage, involves physician’s documentation of the medication 

in the specific route, dose, frequency and for a duration of time. Traditionally, 

medication orders were handwritten on paper. Since the late 1990’s and early 

2000’s, some establishments have implemented computers for entering 

medication orders, which is called computerised physician order entry (CPOE) 

system. The medication orders reach the pharmacy without the patient needing 
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to carry the prescription. A feature of some CPOE systems is decision support, 

often referred to as clinical decision support systems (CDSS). The CDSS is linked 

with the patients’ electronic health record (EHR), providing information to help 

physicians and other health care practitioners make decisions about patients’ 

care, for example which medications to order, what laboratory tests or diagnostic 

tests are needed and provide warnings to clinicians about potential problems. The 

IOM’s report To Err Is Human (Kohn et al., 2000) drew attention to this “digital 

divide” between healthcare and other industrial sectors and called for more 

widespread adoption of information technology (IT) solutions to improve 

medication safety. The healthcare sector has lagged behind in automating 

complex and hazardous processes (Kaushal et al., 2003). CPOE systems have 

been identified as an important IT intervention with potential to reduce some 

prescribing errors, (Reckmann et al., 2009), but with possible introduction of other 

sources of prescribing error (Koppel et al., 2005). Studies of CPOE and CDSS 

have increased in recent years as their dissemination and adoption in various 

countries of the world have increased. It is important that the effectiveness of 

CPOE and CDSS is understood through appropriate evaluation activities. 

Implementation of CDSS in diverse settings has not consistently improved patient 

outcomes (McCoy et al., 2014). The next section will go into more details about 

CPOE and CDSS. 

1.4 Introduction to computerised physician order 

entry and clinical decision support systems  

1.4.1 Computerised physician order entry 

CPOE enables physicians as well as other providers to enter all orders into a 

hospital computer system (Bates et al., 1994) rather than handwriting them 

(Kuperman and Gibson, 2003). The orders can be entered by technicians, 

secretaries, nurses, and physicians (Bates et al., 1994) and pharmacists. These 

are orders for laboratory testing, other diagnostic tests, as well as prescribing 

medications.  CPOE has been implemented in many areas of healthcare 
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establishments in various parts of the developing and developed world. Rather 

than understanding CPOE as a “product” that one can buy for a hand-held, laptop, 

desktop, or mainframe computer, CPOE needs to be viewed as a redesigned 

infrastructure for prescribing (Schiff, 2002). CPOE ensures standardised, legible 

and complete orders (Kaushal et al., 2003). Compared with manual or 

handwritten systems, CPOE has many advantages: orders are legible, (thus 

incorrect interpretation of an order is eliminated), the healthcare practitioner 

making the order can be identified, orders can rapidly be routed to their 

destinations, and CPOE allows checking and provision of decision support (Bates 

et al., 1994). The authors of a study published in 2004 (Bobb et al., 2004) found 

that CPOE  systems could improve practitioner prescribing and  reduce ME.  They 

concluded that this can be achieved with pharmacist involvement and with CDSS, 

and recommend that design and implementation of a CPOE system should focus 

on ME with the greatest potential for patient harm (Bobb et al., 2004). Among the 

ME that can potentially be prevented are those errors due to incorrect 

interpretation of an order including misplacement of decimals in medication 

doses, especially important in the cases of paediatrics. Additional advantages of 

CPOE include that it can potentially ensure standardisation of medication ordering 

practices within an institution, as well as  ensuring the capture of data for 

management, research and quality monitoring (Kuperman and Gibson, 2003). 

While CPOE has the potential to reduce many sources of medication error,  

organisations must take care and be vigilant as CPOE is implemented so that 

new kinds of errors will not be introduced (Bates et al., 1999). Examples of ways 

CPOE system faults have been introduced are  CPOE system outage, computer 

crashes and ignored CDSS alerts (Koppel et al., 2005). New kinds of errors could 

be introduced because of the practitioners using the system (due to human 

factors), or due to the CPOE system (how it is implemented and structured), or 

because of the organisation and its policies. The IOM committee report (IOM, 

2012) recognised that using health information technology (HIT) is part of a 

complex sociotechnical system and recommended investing in efforts to uncover 

and understand the vulnerabilities of HIT systems to ME and unintended 
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consequences. CDSS are built into some CPOE systems. As CPOE has been 

implemented in many institutions around the world, it would be prudent to learn 

from experiences in order to prevent introduction/contribution of new sources of 

error. It is also important to identify ME introduced in certain settings due to the 

healthcare system of the country, or the fact that the practitioners have not 

received adequate training to use the system. While it has been said that CPOE 

systems have potential to reduce errors (Kohn et al., 2000), these same authors 

have also stressed that it is a small part of the bigger picture. The primary 

objective when systems are designed should be to make it difficult for medication 

errors to occur and to minimise damage or harm to patients if they do occur. The 

next section goes into more details on CDSS. 

1.4.2 Clinical decision support systems 

CDSS is an information system that aims to support clinical decision-making, 

linking patient-specific information in the EHR with evidence-based knowledge to 

generate case-specific guidance messages through a rule- or algorithm-based 

software (Moja et al., 2014). CDSS as part of electronic prescribing (EP) or CPOE 

can improve the safety, quality, efficiency and cost effectiveness of provided care 

(Teich et al., 2005). Not all CPOE systems have computerised CDSS, CPOE may 

be implemented without CDSS. CDSS is available with variable features and 

functions (Kaushal et al., 2003). CDSS directly aids in clinical decision making 

about individual patients, resulting in generation of patient-specific assessments 

or recommendations for clinicians (Randolph et al., 1999) For example, the 

recommendations can be for which laboratory test to order or reminders for 

immunisations (Hunt et al., 1998). An implemented CDSS capabilities are 

determined in the state of  its knowledge base (Teich et al., 2005). The knowledge 

base is the necessary database elements to support CDSS (the set of rules, 

content, and workflow opportunities for intervention). During implementation of 

CDSS operational features to promote usability and to measure performance 

must be considered. Organisational structures to help manage and govern 

existing and newer CDS interventions are also important (Teich et al., 2005). The 
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state of tailoring the knowledge base of a CDSS is especially important with 

consideration across countries and differences in patient populations, and that 

formularies differ across the world. Basic CDSSs often assists in tasks such as 

drug selection, dosing, and duration, and more refined CDSSs can incorporate 

patient or pathogen specific information and therapeutic management guidelines.  

 Medication-related decision support is probably best introduced into healthcare 

organisations in two stages, basic and advanced. Basic medication related 

decision support includes drug allergy checking, basic dosing guidance, formulary 

decision support, duplicate therapy checking, and drug interaction checking. 

Advanced medication related decision support includes dosing support for renal 

insufficiency and geriatric patients, guidance for medication related laboratory 

testing, drug pregnancy checking, and drug-disease contraindication checking 

(Kuperman et al., 2007). Decision support is designed to augment physicians’ 

judgment, not to replace it.  CDSS is simply a tool that offered data on individual 

patients, decision logic, and prescribing information to physicians in a useful way 

(Garibaldi, 1998).  

Table 1.2 lists the functions that CDSS can provide to clinicians in practice, with 

an example of each function. Of specific importance to medication prescribers, 

clinical pharmacists and dispensing pharmacists is: the alerting function to 

highlight out of range values or to alert for dose too high for the patients age, the 

assisting function displaying the available antifungal choices from the hospital 

formulary for a patient also on antiretroviral therapy with possible drug interactions 

(Randolph et al., 1999) .  

 

Table 1.2: Functions that clinical decision support systems can provide related to medication 
prescribing. 

Functions Example 
Alerting Highlighting out of range laboratory values, indication of drug 

dose ordered too high for patient’s weight 

Reminding Reminding the clinician to order testing of blood-drug levels 

as part of pharmacokinetic drug monitoring 

Critiquing Rejecting an electronic order  

Adapted from (Randolph et al., 1999). 
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For CDSS to be effective, adequate expertise must go into defining and 

representing medical knowledge. Data that are critical CDSS, such as patient 

weight and allergy status, must be made available to the CDSS (Bates et al., 

2003). Therefore, accurate, updated documentation of patient information in the 

EHR is necessary. When alerts are generated, prescribers can act upon the 

recommendation of the alert, and alter/modify their clinical order and continue 

with their prescribing activities. The prescriber can override a recommendation 

and proceed with original order. Prescribers who chose not to act upon the 

recommendation of the alert will ’override’ this alert and continue with their original 

prescribing decision. Appropriate prescriber responses to appropriate alerts make 

up successful alerts. Inappropriate prescriber responses to appropriate alerts, are 

in concordance with what James Reason has described as active failures as 

mentioned below:  

“Active failures are the unsafe acts committed by people who are 
in direct contact with the patient or the system”. 
                                                                            (Reason, 1990).  

This classification of alert episodes is the most common category of non-

compliance.   Justifiable overrides occur when providers respond in a clinically 

beneficial manner to inappropriate alerts. Inappropriate, potentially harmful 

provider responses to inappropriate alerts are classified as unintended adverse 

consequences (McCoy et al 2012).  

1.5 Rationale for evaluation of computerised 

physician order entry and clinical decision support 

systems 

In this chapter, CPOE and CDSS have been described. It is important to 

understand the impact of use of CPOE and CDSS through appropriate evaluation. 

Evaluation is an important activity in any information system’s development, as it 

is the means to judging a system’s value and needs to be part of the overall 
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process of systems’ development, rather than as a single activity undertaken at a 

later stage (Doukidis et al., 1994).  Utilisation of CPOE and accompanying CDSS 

to prescribe medications for patients has been evaluated in developed as well as 

developing countries, in primary care settings (in some countries referred to as 

outpatient setting) as well as in secondary care (in some countries referred to as 

inpatient setting). The commonly used term CPOE is the more general term, 

encompassing computerised entry of different types of orders (including 

medication prescriptions) by clinicians, while EP is specific to prescribing 

medications electronically by computers. Numerous evaluations have been 

carried out with different aims and there are justifications of the methods chosen 

for these evaluations. However, there are differences in practicing health care 

personnel, patient demographics, and delivery of quality of care and thus 

transferability of the results of these evaluations cannot be assumed (Jani et al., 

2008). CPOE has been sanctified as a “proven” and “highest priority” change for 

reducing medication errors (Schiff, 2002) but whether this statement can be 

extrapolated to Kingdom of Saudi Arabia (KSA), needs to be considered and 

assessed.   

The effects of CPOE and CDSS on medication error have been studied with 

somewhat conflicting results (Overhage et al., 1997; Bates, 1998; Bates et al., 

1999; Teich et al., 2000; Chertow, 2001; Jani et al., 2008). The frequency of 

CDSS medication-related alert generation has been measured and alert override 

rates have been characterised in many developed countries (Jani et al., 2008; 

Zenziper et al., 2014; Nanji et al., 2014; Wong et al., 2018; Nanji et al., 2018). 

Previous evaluations of CPOE with CDSS, or CDSS individually, have been 

undertaken with different methods, for different objectives. The early cumulative 

evidence on the effects of CPOE and CDSS on medication safety have been 

reviewed (Kaushal et al., 2003). The pioneer study designs used to evaluate 

CPOE and CDSS were randomised controlled trials (RCT), non-randomised 

controlled trials, observational studies with controls, and observational studies 

without controls. Seven studies that evaluated isolated CDSS were also reviewed. 
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Six of these seven used an RCT design, and seventh used a non-randomised 

controlled trial design. The studies included were carried out in the USA, 

Australia, and reported different outcomes, and the authors of this systematic 

review concluded that: 

“Use of CPOE and isolated CDSSs can substantially reduce 
medication error rates, but most studies have not been powered 
to detect differences in ADE and have evaluated a small number 
of ‘home-grown’ systems. Research is needed to evaluate 
commercial systems, to compare the various applications, to 
identify key components of applications, and to identify factors 
related to successful implementation of these systems”. 
                                                                   (Kaushal et al., 2003). 

 

There have been many studies evaluating CPOE and CDSS in developed 

countries. A summary of some of relevant identified studies is in Appendix A 

(page 231). Various studies have assessed the impact of CPOE with respect to 

a variety of parameters, including costs of care, medication safety, use of 

guidelines or protocols, and other measures of the effectiveness or quality of care 

(Classen et al., 2007). 

There has been less research from developing countries.  A significant factor in 

the evaluation of a CPOE system is when the evaluation occurs, namely at which 

stage of development or at what stage post-implementation (Barber et al., 2006). 

The evaluation methods chosen and analysis of collected data should also 

consider whether the CPOE system is home-grown or commercial. A home-

grown CDSS is developed internally by the institutions in which they were used, 

while a commercial system is purchased from software vendors that may then 

have been modified for use in a specific clinical setting (Georgiou et al., 2011). It 

is important that the approach to evaluation takes on more than one perspective 

to allow a well-rounded understanding of the systems. As Barber and colleagues 

have stated: 

“The broad multi-perspective approach to evaluation also has 
value in allowing a more comprehensive (or more importantly 
comprehensible and sharable) understanding of the overall 
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achievement from EP; one that can usefully serve the wider 
community of policy makers, health care managers, researchers, 
practitioners and patients”. 

                                                                     (Barber et al., 2006). 
 

The implications of CPOE and CDSS utilisation by physicians to order 

medications for patients in patient care settings in KSA should be evaluated, as it 

is difficult to extrapolate international results. As stated by researchers in the 

United Kingdom (UK) regarding the impact of EP on patient safety in hospitals 

and what this holds implications for the UK context: 

“There are a lack of UK-specific data and the heterogeneity of 
existing international studies makes it difficult to extrapolate 
evidence to the UK”. 
                                                                     (Ahmed et al., 2016). 

 
While there are some important lessons to be learned from published studies on 

CPOE and CDSS, it would be somewhat difficult to extrapolate all evidence from 

developed countries with different healthcare systems to KSA, therefore 

evaluations specific to KSA are warranted. 

1.6 The structure of the healthcare system in 

Kingdom of Saudi Arabia 
The origins of the Saudi healthcare system can be traced to 1926, with the 

establishment of a ‘Health directorate’ in Jeddah, with the opening a hospital in 

Makkah (the holy city) and another hospital in Jeddah. In 1927 the ‘Health 

directorate’ was renamed to the ‘Directorate of General Health and Ambulances’, 

which became the Ministry of Health (MOH) in 1951 (Khaliq, 2012) . There was 

slow development in the provision of healthcare until the mid-1960’s when a 

period of rapid development and expansion began and extended through the 

1980’s (Al-Yousuf et al., 2002). Currently, as shown in Figure 1.1 below, 

healthcare services in KSA are provided to citizens and residents by 

governmental sector and private sector (Almalki et al., 2011). The governmental 
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sector provides medical services free of charge, and includes the MOH and other 

agencies, for example referral hospitals and medical services provided for 

employees (and their families) of military agencies like the armed forces, national 

guard, and security forces. The Royal Commissions of Jubail and Yanbua, and 

the Saudi Arabian Oil Company, are other agencies that provide health care for 

their employees and families as part of semi-governmental sector, and some of 

their medical services are provided for a fee. Finally, the Red Crescent is the 

government agency providing ancillary emergency health services (Almalki et al., 

2011).   

 

Figure 1.2 Sectors providing healthcare in the Kingdom of Saudi Arabia. 

 

The MOH is the major government provider and financer of healthcare services 

in KSA (MOH, 2018a) and provides 60% of health services, while other 

governmental agencies and the private sector provide the remaining 17% and 

23% of healthcare services respectively. The MOH is also responsible for 

formulating, managing, and planning health policies and supervising 

programmes, as well as monitoring health services provided by the private sector 

(Almalki et al., 2011).  

Saudi health care 
system

Governmental 
sector

Ministry of Health

Other agencies

Private sector



40 
 

Governmental healthcare services in KSA are organised according to levels of 

care, depending how specialised a provided service is. As shown in Figure 1.2, 

there are three levels of healthcare: primary healthcare, secondary care and 

tertiary healthcare (Al Asmri et al., 2019; Almalki et al., 2011). Primary healthcare 

is the provision of the basic curative, preventative, and promotive services. 

Patients who need diagnostic procedures, minor surgeries or hospitalisations are 

transferred to the peripheral hospitals. These hospitals also provide emergency 

care services through emergency department (ED), and specialist curative 

services through outpatient departments.  Patients who need a higher level of 

care (tertiary healthcare) are transferred to the central hospitals, referral hospitals 

or medical cities to receive advanced diagnostic, curative, surgical or 

rehabilitative services. Additionally, referral hospitals and medical cities serve as 

research and teaching centres (Al Asmri et al., 2019). Primary healthcare centres 

have pharmacies which dispense medications to patients on an outpatient basis. 

These facilities do not have inpatient wards or facilities. The peripheral hospitals 

have outpatient pharmacies to dispense medications for patients to use in their 

homes and have inpatient pharmacies to carry out medication compounding and 

preparation under sterile conditions, to dispense medications to use in the 

hospital wards (administered by a nurse). Tertiary healthcare centres have 

outpatient pharmacies to dispense medications for patients to use in their homes 

and inpatient pharmacies to carry out medication compounding and preparation 

of a wide range of medication under sterile conditions to dispense medications to 

use in the hospital wards (administered by a nurse or physician), including those 

for diagnosis, chemotherapy and gene therapy. 

The private sector provides healthcare services via hospitals, clinics, 

dispensaries, and pharmacies predominantly in urban areas (Al-Yousuf et al., 

2002). The private sector is almost entirely for profit and operates based on fee 

for service, whether paid for by the employer, insurer, or out of pocket (Khaliq, 

2012).  Pharmacies available through the community (also called community 

pharmacies) are privately owned. As mentioned earlier, the MOH is responsible 

for monitoring health services provided by the private sector, as well bearing 
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responsibility for regulating prices of medications, medical devices and other 

pharmaceutical products.  

In 2003 the Saudi Food and Drug Authority was established, its objective is to 

ensure safety of food, medications biological and chemical for humans and 

animals, as well as the safety and quality of medical electronic devices whether 

they are imported or manufactured locally (Saudi Arabian Food and Drug 

Authority, 2020). 

The principles of the religion Islam and Saudi Arabian traditions influence the 

culture of healthcare within the country (Khaliq, 2012). While females and males 

comprise the healthcare sector workforce, female patients sometimes refuse to 

be examined by male physicians, and staff generally make efforts (within reason) 

to accommodate these cultural expectations. Entire areas of healthcare 

establishments can be gender segregated, for example the area of the outpatient 

pharmacy will have separate male areas from female areas, each with dispensing 

windows and staffed by males and females respectively. Only male pharmacists 

staff the community pharmacies across the Kingdom. The government of KSA is 

collaborating with the WHO to effectively improve healthcare in the country 

(WHO, 2016). Reliable and timely health information is essential for policy 

development, proper health management, evidence-based decision making, 

rational resource allocation as well as monitoring and evaluating the current public 

health status. Response to these needs has been hindered because of 

fragmentation of and weaknesses of national health information systems (WHO, 

2016). As part of these efforts in 2010 the MOH developed ‘Digital health strategy’ 

to ensure the cost effective and secure use of information and communication 

technologies and the associated cultural change it induces, and to help transform 

the nature of healthcare delivery (MOH, 2018b). Part of the digital health strategy 

goals for the year 2020 were to have unified EHR, and all MOH establishments 

to have fully functional CPOE systems. However, as of data published 2018, the 

realised percentage of unified EHR equalled 0%, and none of 2400 primary health 

care centres in KSA have CPOE systems. Thirty-nine percent of the MOH 
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hospitals (108/274) have CPOE system implemented, as do some hospitals in 

the private sector, with differing available functionalities (MOH, 2018b).  

The next section discusses the evaluation of CPOE and CDSS in KSA. 

1.7 Use of computerised physician order entry and 

clinical decision support systems in Kingdom of 

Saudi Arabia 
There have been five studies evaluating CPOE and CDSS KSA.  

The first study assessed implementation status of CPOE and CDSS in three 

hospitals (Almutairi et al., 2012). This was a questionnaire study of the applied 

CDSS features in adopted CPOE systems. Each hospital had a multidisciplinary 

team responsible for developing the CPOE, and from each team one physician 

and one clinical pharmacist were selected to participate in the preliminary study 

to evaluate the CDSS features implemented in their hospitals’ CPOE. A 

questionnaire adapted from the Leapfrog CPOE standard (developed by the 

Leapfrog group for patient safety) was used. This questionnaire is no longer 

available on the Leapfrog website. The questionnaire addresses nine types of 

decision support for medication-related alerts and three types of decision support 

that evaluate system efficiency. For the purposes of the study, ten types of clinical 

decision support were used to evaluate CPOE-CDSS implementation status in 

the hospitals, they were: therapeutic duplication, single and cumulative dose 

limits, allergies, contraindicated routes of administration, drug interactions, drug-

food interactions, drug diagnosis interactions, and contraindication/dose limits 

based on age and weight, laboratory studies, and radiology studies. The survey 

included a qualitative element regarding challenges encountered during CPOE 

implementation. The implementation status of the three hospitals was determined 

to be one of three statuses:  

§ implemented and functional 

§ still undergoing implementation,  

§ not considered for implementation.  
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Results showed that CDSS implementation varied in the three hospitals included 

in the study. Hospital A had implemented only one feature, (contraindicated 

routes of administration), while other features were still undergoing 

implementation. Hospital B had fully implemented three features, (allergies, 

contraindicated routes of administration and contraindicated dose limits based on 

laboratory studies), and the implementation of other features were in progress. 

Hospital C had implemented seven CDSS features (therapeutic duplication, 

single and cumulative dose limits, allergies, contraindicated routes of 

administration, drug interactions, contraindicated dose limits based on diagnosis 

and contraindicated dose limits based on age and weight). Regarding the 

qualitative question on challenges encountered in implementing CPOE and 

CDSS, one of the major challenges identified for all three hospitals was the cost 

of CPOE and CDSS including cost of implementation, development, and 

maintenance per year. Customisation costs of the CPOE packages were also 

noted as being expensive. Another challenge faced by the hospitals was the lack 

of experienced HIT personnel familiar with national and international standards 

related to healthcare. The authors concluded that the adoption of CPOE with 

CDSS was not yet mature (Almutairi et al., 2012). 

The second study was  questionnaire based to determine physicians opinions on 

the impact of CPOE on ME and ADE (Al-Rowibah et al., 2013). Of 300 distributed 

questionnaires, 93 physicians responded, which was a response rate of 31.0%. 

The study aimed to determine the physicians’ opinions whether CPOE improves 

the quality of care by increasing patient safety and decreasing medication errors 

at study setting, as well as to examine the usability of CPOE system and the 

prescribers’ reactions to alerts (during prescribing medication). The questionnaire 

was divided into three sections (the first section to collect demographic data, the 

second part to measure the usability of the CPOE and the third part of the 

questionnaire described the prescribers’ reactions to alerts during drug ordering. 

The physicians reported a variety of specialties, 28.0% (n = 26) of the participating 

physicians reported their specialty to be paediatrics. Forty-eight percent (n = 45) 

of the physicians strongly agreed that the use of CPOE improved their 



44 
 

performance. Regarding simplicity, 56.0% (n = 52) of the participants agreed that 

CPOE was a simple system and 64.0% (n = 60) reported that it was easy to use. 

Forty-three percent (n = 40) of users agreed that CPOE lacked a user guide 

during medication ordering, and thought it needed improvement. Physicians’ 

reactions to alerts during medication ordering were as follows: to ‘drug allergies’ 

alerts, 62.0% (n = 58) responded they always changed their medical order. 

Regarding medication duplication alerts, and drug interaction alerts 34.0% (n = 

32) and 39.0% (n = 36) of physicians responded they always change their order, 

respectively. About whether CPOE decreased medication errors, 29.0% (n = 27) 

strongly agreed CPOE reduced medication errors. Of the general questions, 91 

respondents completed them, and 91.0% (n = 83) agreed that CPOE reduces ME 

related to handwritten prescriptions. 

The third study was carried out in the city of Makkah (in the western region of 

KSA), and the authors (Youssef et al., 2015) aimed to determine if various types 

of renally cleared or potentially contraindicated medications are administered to 

patients in the inpatient setting with renal insufficiency despite CDSS medication 

related-alert generation. A retrospective study design was used, and the period 

studied was one year. Their results reported a total of 314 patients received at 

least one medication that was renally cleared and/or potentially nephrotoxic, and 

14.0% of these (n = 44) were contraindicated medications despite the prescriber 

receiving a medication-related alert provided by CDSS. The administered 

contraindicated medications were limited to four drugs: aspirin, gliclazide, 

nitrofurantoin, and spironolactone, with aspirin individually accounting for 

approximately 60.0% (n = 24) of the contraindicated medications received by 

patients. Multivariate logistic regression showed that the odds of receiving these 

four contraindicated drugs increased in those with severe renal insufficiency, odds 

ratio of 23.4, (95% confidence interval (CI) = 9.9 - 54.9), (P= < 0.001) after 

adjusting for confounding factors. The authors have concluded after analysis of 

their results that:  

 “The medication database system might need to be updated with 
input from the physicians using the system. More studies are 
needed to determine physicians’ perceptions about the system 
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and the factors related to their noncompliance to its alerts and 
evaluate the system information, system integration, and its 
alliance with the organisational and clinical workflow”. 
                                                                   (Youssef et al., 2015). 

 

The fourth study assessed the impact of CPOE system on the incidence and 

characteristics of drug-related problems (DRPs) in hospitalised children, and 

DRPs incidence pre-/post-CPOE implementation was compared. It was an 

observational study, DRPs were identified by pharmacists reviewing children’s (0-

14 years of age) medical records on CPOE. DRPs preventability and severity 

were assessed. A total of 657 patients were included, 235 patients (35.8%) 

experienced 328 DRPs, of which 99.7% (n = 327) were preventable. The 

difference (44.8% vs 35.8%) in DRP incidence pre- and post-CPOE 

implementation was significant (P < 0.01). The authors concluded that the CPOE 

system significantly reduced DRPs in this paediatric population (AlAzmi et al., 

2019). The fifth study was conducted in a referral hospital to analyse the effect of 

therapeutic duplication alert deactivation on rate of medication errors (Khreis et 

al., 2019). A total of 593 electronic medication administration records of 

hospitalised patients were retrospectively screened; 297 of which were in the 

period before deactivation of therapeutic duplication alert, 296 were in the period 

after deactivation of therapeutic duplication alerts.  The number and type of 

medication errors in each period was documented to determine if there was a 

significant difference. During the period of activation of therapeutic drug 

duplication alerts 51 medication errors in the 297 electronic medication 

administration records assessed.  There was not much difference, as 296 

medication administration records assessed after the therapeutic duplication alert 

was deactivated, as 47 medication errors were identified. The authors used Chi 

square test to calculate the difference in the incidence of medication errors 

detected among the two periods, and the calculated value of P= 0.672, was not 

statistically significant. Thus, the authors have recommended an integration of 

machine learning into the clinical decision support design to learn the physicians 

behaviour on alert selection and decision making. If successfully designed it will 
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filter the duplicated and unimportant alerts and reduce physicians’ alert fatigue 

(Khreis et al., 2019). In this context ‘machine learning’ has been described as 

learning that has a learning capability:  

“Machine learning uses artificial intelligence and statistical 
models to gain error feedbacks of a system for model 
improvement. The machine learning process includes a closed 
feedback loop of data analysis, error evaluation and feedback, 
model improvement and data re-analysis. The process will iterate 
until the best model is found”. 
                                                                     (Khreis et al., 2019). 

Of studies that supported implementation of technology for the prescribing 

process in KSA hospitals, Abdullatif Al-Dhawailee has stated in 2011: 

“Technology in prescribing process will support the practitioner 
to reduce the incidence of these errors. Forcing ongoing 
professional communication and education within the medical 
team about prescribing errors now appear warranted”.              
                                                                    (Al-Dhawailie, 2011). 

 
Another study supporting the use of IT an academic teaching hospital in KSA a 

study by Aljadhey and colleagues (Aljadhey et al., 2013) incidents of ADE were 

identified through a combination of medical record review (paper based medical 

records, and paper-based prescribing was used) by study pharmacists and 

voluntary reports from other healthcare professionals. The authors concluded:  

“Solutions to prevent medication errors in hospitals include the 
use of IT and automation, establishing medication safety 
programmes, and perhaps involving pharmacists in the 
medication monitoring process”. 
                                                                 (Aljadhey et al., 2013). 

1.8 Computerised physician order entry and clinical 

decision support system use in King Saud University 

Medical City 
King Saud University Medical City (KSUMC) in Riyadh, KSA is a tertiary care 

academic medical city affiliated with King Saud University (KSU). KSUMC 

consists of King Khalid University Hospital (KKUH) and King Abdulaziz University 
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Hospital (KAUH) as clarified in Figure 1.2 below. KSUMC is one of KSA’s largest 

and busiest medical cities. 

 

Figure 1.3 Structure of King Saud University Medical City hospitals 

  

KSUMC collectively comprises more than 1,300 full-time physicians, an additional 

853 in house officers and registrars, and approximately 2,072 allied health 

professionals (including nurses and pharmacists).  In one year, these provide care 

to more than one million outpatients, admit around 46,000 patients and perform 

approximately 14,000 procedures. KAUH is smaller than KKUH. KAUH has 200 

beds and provides specialty care in ophthalmology, and ear, nose and throat 

(ENT) and has a specialised diabetes clinic serving as a referral centre for all 

areas of Riyadh. KKUH has 850 beds providing primary, secondary and tertiary 

care with specialised oncology centre serving as a referral centre for patients from 

all over KSA (KSUMC Website, 2017). In February 2015 KSUMC began the 

logistical planning and procedures before implementation of CPOE, on increasing 

computers in care areas, enabling the access of system on the computers, issuing 

passwords to and training staff in KAUH and KKUH.  In May 2015, KSUMC 

introduced CPOE system for all physician orders including medication orders 

(Cerner® Millennium Version 2014). The CPOE system and EHR are accessible 

via password, on special hospital computers that are connected to the internet, 

through the KSUMC servers in both KAUH and KKUH. The passwords are the 

‘personal log in’ for staff members; visible content as well as specific privileges 

(for example viewing the results of laboratory blood work or diagnostic tests, 

King Saud University 
Medical City  

King Khalid University 
Hospital 

King Abdulaziz Universiy 
hospital
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adding patient progress notes or other content to the EHR) are adapted and 

defined according to the practitioner’s role. Physicians prescribe medications for 

their patients by accessing the patient’s EHR and medical file. The system is 

unified for KAUH and KKUH, and according to authorisation a clinician in KAUH 

can access the records of a patient with details for example on a recent inpatient 

stay in a ward in KKUH. The system is accessible via hospital computers that are 

in patient care areas such as outpatient clinics and inpatient wards, the system is 

also accessible on computers available in research units, as well as physician 

offices. The system is also accessible from computers in the inpatient and 

outpatient pharmacies. This integrated system of CPOE and the EHR is called 

Electronic System Integrated Health Informatics (ESiHI). Among healthcare 

practitioners in KSUMC it is referred to as ESiHI, which sounds very like the word 

for ’health’ in Arabic. Prior to the switch to this computerised system, all orders 

were made on paper, and patient information was hand-written documented on 

paper-based files. CPOE was implemented in both KKUH and in KAUH at the 

same time, and the system went live in all hospital areas simultaneously (inpatient 

and outpatient settings). Once the system was live, orders (for medications, 

laboratory tests, as well as hospital appointments) were no longer placed through 

previous paper-based system, except for specific controlled medications. 

Physicians of certain specialties are authorised to prescribe controlled 

medications via CPOE and an additional red slip must be signed as proof of 

authorisation for the medication to be dispensed by the inpatient or outpatient 

pharmacy. The physician logs in, gains access to the patients EHR through the 

patient’s unique medical record number (MRN) and proceeds to document the 

progress notes or check on laboratory values and prescribe medication for the 

patient as the need arises. The medication related functions CPOE system allows 

are electronic prescribing, medication label preparation, and medication 

dispensing. The CPOE system is accompanied by CDSS, generating nine types 

medication related alerts at the point of prescribing. The medication related alerts 

are generated to support clinical decision-making, linking patient-specific 

information in the EHR with evidence-based knowledge to generate case-specific 
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guidance messages through a rule or algorithm-based software. What follows is 

an example of a scenario of the processes with the medication related alerts at 

KSUMC. 

Patient Jane Doe has been a patient at KSUMC for three years and is taking oral 

methotrexate (a dihydrofolate reductase inhibitor) for rheumatoid arthritis. She 

has developed remission of her rheumatoid arthritis and the treating physician 

and health care team have decided she does not need methotrexate in this 

period. She has however asked if she can use a topical cream or gel (as needed) 

if she feels some musculoskeletal pain, thus the physician suggests diclofenac 

gel. The patient agrees, saying diclofenac has provided her with relief on previous 

occasions. The physician enters this prescription via CPOE but is prompted with 

the display of a medication related alert, the type duplicate drug alert this alert 

has appeared because the patient has on her record a previous prescription for 

diclofenac gel nine months ago (it is not on the active medication list). The 

displayed medication related alert prevents any action from being carried out until 

the alert is overridden or accepted. The physician overrides this alert, and 

proceeds with the prescription of diclofenac gel. Another medication alert is 

displayed, of the type ‘drug interaction’. This alert has appeared because the 

patient has on her record a previous prescription for oral methotrexate three 

months ago (it is not on the active medication list). The physician overrides this 

alert, and proceeds with the prescription of diclofenac gel. The inactive medication 

list has generated medication related alerts that are clinically irrelevant, the alert 

display would be judged as ‘inappropriate’ and the override would be judged as 

‘appropriate’ because the patient will not be administered the two medications 

concurrently. The inactive medication list will generate medication related alerts 

that are clinically irrelevant. In addition to drug interaction alerts, the other alert 

domain that will be generated less often as a result of this recommendation are 

drug duplicate alerts. 

Further details on the name and meaning of each medication related alert are in 

Table 4.4 in chapter four (page 100). 
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1.9 Aim and objectives of this thesis 
So far, this chapter has given a brief background on quality and safety in 

healthcare then introduced and defined ME, ADE and ADR. Data on effect of 

CPOE and CDSS from developed countries provide valuable lessons for CPOE 

and CDSS, however some evidence cannot be extrapolated to KSA due to 

differences in healthcare systems. The healthcare system in KSA has been 

introduced, as has the limited published data from KSA on CPOE and CDSS use, 

warranting further evaluations. This remainder of this section will describe the aim 

and objectives of this thesis. 

1.9.1 Aim 
The aim of the research was to evaluate utilisation of CPOE to order medications 

for patients and the use of ancillary CDSS in KSUMC hospitals and to develop 

recommendations for the medication-related alert designers at KSUMC for 

improved alert generation.  

1.9.2 Objectives were to: 
1. Identify and summarise quantitative as well as qualitative evidence published 

on MEs, DRPs and ADEs within the Gulf Cooperation Council (GCC) 

countries. 

2. Assess the quality of the included studies. 

3. Describe definitions used for study outcomes 

4. Make recommendations for addressing any gaps in the literature identified. 

5. Retrospectively review system-produced reports of medication-related alerts 

generated at KSUMC upon medication ordering through CPOE. 

6. Determine rates of different types of medication alerts generated by CDSS 

and the percentages of alerts overridden (by physicians) by analysing the 

system-produced reports. 

7. Assess appropriateness of alert display and alert override for a subset of 

overridden alerts. 

8. Examine the reasons (as documented by physicians) for overriding alerts. 
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9. Document perceptions and experiences faced by prescribers using CPOE and 

handling of medication related alerts generated by CDSS and their 

suggestions for improvement. 

10. Make recommendations for improved practices in KSUMC and elsewhere and 

identify areas for further research on CPOE and CDSS utilisation. 

1.9.3 A summary of the PhD plans for this research  

1.9.3.1 The summarised PhD aim and objectives and the 

chapters that address each of these: 

Regarding the plans for this research, a systematic review of the literature was 

conducted and achieved the first aim. Two empirical studies were designed and 

conducted to achieve the central aim, supported by the main objectives. The first 

study involved gaining insight on medication ordering via CPOE and the 

calculation of the numbers of medication related alerts generated by CDSS as 

well as overridden by clinicians via analysis of the system generated reports. The 

second empirical study involved semi-structured qualitative interviews with 

prescribers. Table 1.3 provides a summary of the PhD aim and objectives and 

the research study that addresses each of these objectives. The next chapter 

(chapter two) describes the overarching strategies for the research, chosen 

methods for the empirical studies, and their rationale for use. Chapter three 

describes the findings of the systematic search of the literature on the safety of 

medication use from the GCC. The details of the quantitative CPOE and CDSS 

assessment are in chapter four and the approach to qualitative interviews is 

described in chapter five. The thesis concludes with the overall discussion of the 

of research findings, practice implications of the findings and recommendations 

for future research.



52 
 

     Table 1.3 Summary of the PhD aim and objectives and the chapters that address each of these. 
 

CPOE- Computerised physician order entry. CDSS- Clinical decision support system. GCC- Gulf cooperation council 

KSUMC- King Saud University Medical City 

 

 

 

PhD research 
aim PhD research objectives 

Objectives addressed in 
the following study 

The aim of this 

thesis was to 

evaluate utilisation 

of CPOE to order 

medications for 

patients and the 

use of ancillary 

CDSS in KSUMC 

hospitals.   

1- To summarise quantitative as well as qualitative 

evidence published on MEs, DRPs and ADEs 

within the GCC region. 

2- To assess the quality of the included studies. 

3- To describe definitions used for study outcomes. 

4- To make recommendations for addressing any 

gaps in the literature identified. 

Systematic review of the 

literature 

5- To retrospectively review system-produced 

reports of medication-related alerts generated at 

KSUMC upon medication ordering through 

CPOE. 

6- To determine rates of different types of CDSS 

medication alerts generated and the 

percentages of alerts overridden. 

7- To examine the reasons (as documented by 

physicians) for overriding alerts. 

8- Assess appropriateness of alert override and 

alert display for a subset of overridden alerts 

Assessment of CPOE and 

CDSS medication-related alerts. 

This is the quantitative arm of the 

research (phase one). 

9- To document perceptions and experiences faced 

by prescribers using CPOE and handling of 

medication related alerts generated by CDSS 

and their suggestions for improvement. 

An interview study to explore 

prescribers’ perceptions towards 

utilisation of CPOE and reasons 

for overriding and accepting 

CDSS alerts. This is the 

qualitative arm of research 

(phase two). 

10- To make recommendations for improved 

medication related alert generation in KSUMC 

and elsewhere and identify areas for further 

research on CPOE and CDSS utilisation. 

The findings and clinical 

implications of the two phases of 

research are mapped onto the 

framework and discussed in 

thesis concluding chapter.  
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1.9.3.2 Potential clinical implications of the research 

The research in this thesis has several potential clinical implications. The systematic 

review of the literature on safety of medication use (in inpatient, outpatient, and 

primary care settings) in the GCC will assess quality of studies meeting inclusion 

criteria, potentially identify gaps in the literature and provide recommendations to 

address these gaps with improved study designs. This is discussed further in 

chapter three. 

 The mixed methods sequential evaluation of CPOE and CDSS systems in KSUMC 

will provide insight use of these systems to prescribe medications in KSUMC. It is 

the first of this kind in KSA. The first phase of this study will involve retrospective 

analysis of system reports to determine rates of generation of different kinds of alerts 

and the patterns of alert handling. This quantitative data will be analysed 

descriptively and interpreted and compared with international studies from 

healthcare settings in developed countries. From this data recommendations for 

improved alert generation will be developed. The second phase of the study will 

involve a qualitative interview study documented physicians’ perceptions on use of 

the system as well as their suggestions for improved use of the system, and 

implications for policies surrounding training for HCP in KSUMC. The identification 

of lessons learnt from use of COPE and CDSS in KSUMC may have possible useful 

implications for other institutions in KSA. 

This chapter has set the scene for the thesis, providing an introduction to the 

concepts of quality and safety in healthcare, and then defined the medication safety 

terms ME, ADE and ADR.  The systems CPOE and CDSS have been introduced, 

with known data mainly from developed countries. The structure of the healthcare 

system in KSA has been described providing a backdrop for the setting of the 

empirical studies in the thesis. The use of CPOE and CDSS in KSA has been 

considered, with plenty of unknown aspects. The chapter concludes with the aim 

and objectives of this PhD, and the potential clinical implications of the research. 

The next chapter describes the methodology used for the empirical studies of this 

research. 
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Chapter 2: Methodology 

Previously in chapter one the concepts of quality and safety in healthcare and 

medication safety were introduced.  The aims and objectives of the thesis were 

stated, the terms CPOE and CDSS defined and the previous efforts undertaken on 

evaluation of their use in KSA was documented. This chapter discusses the 

overarching strategies for the research and their rationale for use. The chapter 

begins by stating research purpose of the thesis and then briefly introduces relevant 

theoretical frameworks considered to be used to evaluate CPOE and CDSS.  The 

chapter will then describe the chosen explanatory sequential mixed methods design 

used for the empirical studies of this PhD (quantitative descriptive study and 

qualitative structured interview study) to evaluate CPOE and CDSS and then explain 

the rationale for choosing these methods.  

 

 

 

 

Figure 2.1: Thesis structure highlighting current structure 

To recap research in on CPOE in KSA in the past decade, two questionnaires on 

CPOE and CDSS in KSA  previously highlighted that CPOE implementation is not 

yet mature (Almutairi et al., 2012), and that physicians generally agree that CPOE 

generally reduces ME compared to paper based prescriptions (Al-Rowibah et al., 

2013). A study has shown that despite activation of CDSS alerts for renally 

contraindicated medications, physicians still prescribed these medications for 
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patients with renal insufficiency (Youssef et al., 2015). Newer research has 

concluded that implementation of CPOE reduced DRPs in the paediatric patients 

when compared to results of a previously conducted study during which paper-

based prescriptions were used (AlAzmi et al., 2019), and that deactivation drug 

duplicate alert generation does not lead to a statistically significant difference in ME 

incidence (Khreis et al., 2019). However, the use of medication related alerts and 

the overriding frequency has not been described. The perceptions of physicians’ 

towards use of CPOE and their suggestions to improve utilisation experiences have 

not been documented. The next section will state the research purpose of this 

thesis. 

2.1 Research purpose 
The purpose of the research was to evaluate utilisation of CPOE to order 

medications for patients and evaluation medication related alerts generated by 

CDSS in KSUMC hospitals. An additional aim development of recommendations for 

the medication-related alert designers at KSUMC for improved alert generation were 

the overarching aims of this thesis.  

The next section describes the main theoretical concepts considered to be used for 

evaluation of CPOE and CDSS and then provides details on the chosen framework 

that underpinned the research approach used in the thesis. 

2.2 Theoretical concepts considered as a framework 

for evaluation of computerised physician order entry 

and clinical decision support systems in this thesis 
The three theoretical concepts considered for use in this thesis are summarised in 

Table 2.1, more details on each concept follows in the remainder of this section, 

with elaboration on the chosen framework. 
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Table 2.1 Overview of the three theoretical concepts and considerations for their use in this thesis 
Theoretical 

concept 
Description and example of use Considerations for use in 

this thesis 
The framework for 

evaluating 

information systems 

(Cornford et al., 

1994) 

This framework is based on 

Donabedian’s (Donabedian, 1966) 

structure/ process/ outcome model. It 

has been used  (Doukidis et al., 1994) to 

evaluate ESTRPOID® which was a 

computer based medical decision aid in 

Kenta. The matrix of structure/process 

outcome was later used to evaluate two 

electronic prescribing systems (Barber et 

al., 2006). 

This framework is potentially 

useful for studying CPOE 

system and CDSS and can be 

used to capture quantitative as 

well as qualitative data. It can 

allow a broad multi-perspective 

approach to the evaluation 

process. This evaluation 

framework can be adapted to 

any stage of EP development. 

The unified theory of 

acceptance and use 

of technology 

(UTAUT) by 

(Venkatesh et al., 

2003). 

The UTAUT has identified factors that 

affect behaviour towards adoption and 

use of technology. The UTAUT has been 

applied to monitor the acceptance of a 

‘Picture archiving and communication 

system’ (Duyck et al., 2010) and to 

identify factors influencing health 

technology adoption in community 

centres in Thailand (Kijsanayotin et al., 

2009). 

The theory centres on adoption 

and use of technology. The 

scope of this research is the 

evaluation of utilisation of 

CPOE and CDSS after 

implementation, not their 

adoption. Four of the factors 

identified by UTAUT have been 

integrated in the development 

of this research. 

The ‘sociotechnical 

framework’ (Cherns, 

1976). 

The sociotechnical framework is 

developed to characterise, evaluate and 

improve human technology interactions 

(Carayon, 2006). Westbrook and 

colleagues in Australia (Westbrook et al., 

2007) have designed and implemented a 

multimethod evaluation model informed 

by sociotechnical theory. Their aim was 

to evaluate the impact of CPOE systems 

on both the technical and social systems 

within a healthcare organisation. 

Adopting a sociotechnical 

perspective for model 

generation develops an 

understanding with focus on 

dimensions of medication 

safety, organisational culture, 

and patterns of work and 

communication. While 

relevant, the latter two 

dimensions are not the focus of 

this thesis. 
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1. Donabedian’s structure, process, outcome model (Donabedian, 1966) which was 

initially conceptualised to assess quality in healthcare, has been adapted to 

assess IT in healthcare.   

• Structure refers to the conditions in which care is provided and includes 

availability of material resources, that support the provision of care.  

• Process refers to the activities which are undertaken to provide the care such 

as diagnosis, treatment, patient education. 

• Outcome refers to the changes which individuals and populations can 

attribute to healthcare such as changes in health status, changes in 

knowledge, and/or changes in behaviour that may influence future care. 

 

This model has been adapted for the evaluation of IT (Cornford et al., 1994). In 

later years Barber and colleagues in the UK (Barber et al., 2006) showed the 

feasibility and practicality of this framework for the evaluation of two early stage 

newly implemented EP systems. The adapted framework considers three 

perspectives to be one dimension: the perspectives of the technology (system’s 

functions), the perspectives of the stakeholders’ (human perspectives), and the 

perspectives of the organisation that adopts it (organisational context). These 

perspectives can be mapped onto the original structure, process, outcomes model 

which in turn are the other dimension, to form a matrix as shown in Table 2.2, the 

main elements of the framework of Cornford and colleagues for health IT 

assessment (Cornford et al., 1994) and examples of outcomes measures identified 

as relevant to each element of the framework  (Barber et al., 2006). It was this 

adapted framework that was primarily considered as a guiding framework for this 

research.  
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Table 2.2 Framework for health technology assessment  
 System’s functions Human perspectives Organisational context 

Structure Technical detail Work practices Sustainability, maintenance 

and associated costs 

Process Processing, for 

example process of 

patient care, 

processing information 

Human participation in 

tasks 

Altered practice, 

consequent change 

Outcome Relevant, applicable, 

reliable 

Quality of service Overall effect 

Adapted from (Cornford et al., 1994; Barber et al., 2006) 

2. The unified theory of acceptance and use of technology (UTAUT) was also 

considered as a framework for this research. The UTAUT was developed through 

the review and integration of eight dominant theories and models to bring together 

alternative views on user and innovation acceptance (Venkatesh et al., 2003). This 

theory suggests that four core constructs are direct determinants behavioural 

intention to use a specific system (and ultimately behaviour) and these constructs 

are in turn moderated by gender, age, experience, and voluntariness of use. The 

UTAUT has been widely used in technology adoption and diffusion research as a 

theoretical lens by researchers with reference to many technologies in different 

contexts (Williams et al., 2015) including specialised business systems, mobile 

technology, consumer banking services, and hospital information systems. The 

methodologies most used and applied were cross sectional approach, survey 

methods, and structural equation modelling analysis (Williams et al., 2015). The 

UTAUT has been used to monitor the acceptance of a ‘Picture archiving and 

communication system’ (Duyck et al., 2010) and to identify factors influencing 

health technology adoption in community centres in Thailand (Kijsanayotin et al., 

2009). It is argued that the UTAUT can assess an individual’s intention to use a 

specific system, thus allowing identification of key influences on acceptance of the 

technology in any given context (Venkatesh et al., 2003). 
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3. A human factors’ engineering conceptual model called the ‘sociotechnical 

systems’ was considered as a guiding framework for this research. The term 

‘sociotechnical’ was first described by Albert Cherns and recognises that 

organisational objectives are best met by the joint optimisation of the technical 

system and the social aspects (Cherns, 1976). The theory is best applied using 

comprehensive evaluation approaches which include techniques that are able to 

account for the technical and routine aspects of workflow as well as well as the 

social, organisational, cultural, and cognitive dimensions of work (Westbrook et al., 

2004). 

Appendix B (page 238) presents studies evaluating the effects of implementation 

and utilisation of HIT that used multiple methods and analysed their results based 

on a model or framework. Overall, the theoretical frameworks described above 

provide useful structure for research on use of technology in healthcare. The 

framework most relevant to the thesis research aim, Donabedian’s adapted model 

for evaluation of IT (Cornford et al., 1994; Barber et al., 2006) and was used as the 

main conceptual framework in this thesis.  

2.3 Researcher’s perspective 
The researcher is a clinical pharmacist and practising lecturer at King Saud 

University (KSU) college of pharmacy. KSU is affiliated with KSUMC. The 

researcher’s experiences helped guide towards an epistemological approach and 

the paradigms (worldviews) that in turn informed the methodological approach and 

ultimately the chosen methods to be used. Figure 2.2 shows the thought process 

of the researcher during considerations of methodologies to choose and develop 

methods to achieve research objectives. 
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Figure 2.2 Thought process to develop methods chosen to achieve research objectives of this thesis. 

The researcher has been trained to understand the nature of science of 

medications, and the actual consequences of their use clinically. An obvious post 

positivist worldview emerged, with the need to develop skills for empirical 

observation and measurement.  In the researcher’s career, the need to critically 

evaluate evidence on safety of medications used in the local clinical context became 

apparent. A pragmatic worldview that focussed on the real world, practice oriented, 

problem centred worldview (Creswell and Plano Clark, 2018) became second 

nature to the researcher through training and early career. Through teaching for 

many years, the researcher has come to the realisation that not all students are 

alike, and developed a constructivist approach to issues related to students’ 

learning, for example picking up cues on whether students understood material 

presented in class or critically evaluating student essays in different courses. This 

helped build an appreciation that there could be multiple realities highlighted by the 

differences in interpretations of the subjective realities. 

With these worldviews and paradigms an understanding of the research was 

developed, and the next step was to consider the methodology to govern and thus 

develop the methods used to achieve the research objectives. While these are 

multiple paradigms, this selection of worldviews is what will inform the study design 

(Creswell and Plano Clark, 2018). Paradigms can be productively thought of as tools 

creatively used to fit a certain research situation (Maxwell, 2013). The assumption 

of multiple paradigms leads to the need to identify which methodological approach 

will best embrace these worldviews; and a practical and applied research philosophy 

should guide methodological choices (Tashakkori and Teddlie, 1998). 
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Research that applies to the post positivist paradigm tends to predominantly use 

predetermined quantitative approaches and methods for data collection and 

analysis; examples experiments or tests with statistical analysis of results (Creswell 

and Creswell, 2018). The constructivist paradigm generally operates using 

predominantly emerging qualitative methods such as open-ended interview 

questions to collect information, using interpretation and themes to analyse data 

although quantitative methods may also be used (Creswell and Creswell, 2018; 

Mackenzie and Knipe, 2006). The pragmatist worldview acknowledges that there 

could be singular or multiple realities, and a combination of methodologies for 

example quantitative (such as testing, experiments) and/or qualitative (such as 

interviews) can be employed and matched to research aims and objectives 

(Creswell and Plano Clark, 2018; Mackenzie and Knipe, 2006). 

Referring to objectives five to nine as listed earlier in chapter one (pages 47), these 

ranged through post positivist and pragmatic. Objectives ten was of the pragmatist 

and constructivist worldview. 

The next sections will go into more details about the research approach undertaken 

to evaluate CPOE and CDSS use in KSUMC hospitals.  

 

 2.4 Research approach 

2.4.1 Research design 
Evaluation of use of CPOE and CDSS in KSUMC hospitals was conducted with a 

‘mixed methods’ design, which is to bring together quantitative and qualitative 

components within a single study (Hadi et al., 2013). An explanatory sequential 

mixed methods design was used, and it is a type of design in which the researcher 

collects quantitative data in the first phase, analyses the results, and uses the results 

to plan or to build upon the second, qualitative phase (Creswell and Creswell, 2018). 

In the first quantitative phase of the study, a cross-sectional observational design 

was be used to calculate the rates of different types of medication alerts and the 

percentages of alerts overridden by physicians by analysing the system produced 

reports. The quantitative phase also involved assessment of the appropriateness of 
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alert display and alert override for a subset of overridden alerts. The second 

qualitative phase was an interview study conducted as a follow-up to the quantitative 

results. This two-phase explanatory sequential research design is clarified in Figure 

2.3. The reason for collecting both quantitative and qualitative data is that the 

qualitative data will help explain the quantitative results. Another reason was for 

collection of two types of data in the explanatory mixed methods design was to 

evaluate the use of CPOE and CDSS at a more detailed level and incorporate these 

findings into Donabedian’s adapted model for evaluation of IT (Cornford et al., 1994; 

Barber et al., 2006) which was used as the main theoretical framework guiding 

research in this thesis.  The choice to use mixed methods was premeditated rather 

than emergent. 

 

 

 

 

 

Figure 2.3: The two phase explanatory sequential research design 

 

2.4.2 Description of phase one 
The first phase of the explanatory sequential research is the quantitative descriptive 

analysis of CPOE and CDSS system generated reports. It was a cross-sectional 

retrospective observational study.  The data source was the system produced 

reports containing the information on the medication related alerts generated during 

the study period (June 2015 up to end of December 2017). Data was collected using 
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the password protected staff computer in the KKUH investigational drug and 

research unit, where there was a suitable area for data collection and computers 

had access to the ESiHI system. The ESiHi system is unified to include the 

medication related alerts generated at KKUH and KAUH, thus the data collected 

encompassed medication related alerts generated at both KSUMC hospitals. Data 

was analysed statistically, categorical data reported as frequencies and 

percentages. Alerts were assessed as appropriately displayed or overridden based 

on criteria that were partially iteratively developed and partially adapted. Some 

criteria were iteratively developed for the local context and other criteria were 

adapted from similar international studies (Nanji et al., 2014; Zenziper Straichman 

et al., 2017; Wong et al., 2018). The reasons for overriding medication related alerts 

(as documented by physicians) was reviewed.  

The CPOE system used in KSUMC was implemented in May 2015, and the PhD 

researcher began planning for this study late 2015. Among the study designs 

considered was ‘before and after’ study design. However, this would not have been 

possible because there was no collected data before the implementation of CPOE. 

A ‘randomised controlled trial’ study design was considered. However, after 

implementation of CPOE all medication prescribing was through CPOE, it was only 

very limited to prescribe controlled medications (such as narcotics) through paper-

based prescription. Thus, a randomised controlled trial of medication orders through 

CPOE and medication orders via paper-based prescribing was not possible. 

Therefore, the chosen design was retrospective observational study design. 

The main findings included the total generated amounts of alerts (all the different 

medication related alert types), as well as the rates of overridden alerts. The 

common reasons documented by physicians for overriding alerts were analysed. 

Further details can be found in chapter four of this thesis. Some of these findings 

provided local contextual information on system functioning and were identified as 

interesting points to pursue further and follow up during interviews with physicians 

in phase two, thus aided in development of the structured interview guide used. 

Further clarification can be found in chapter five of this thesis.  
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2.4.3 Description of phase two  
The second phase of the explanatory sequential research is the qualitative semi-

structured interviews with physicians on their perceptions towards use of CPOE and 

CDSS in KSUMC to prescribe medications for their patients and their perceptions 

towards handling of CDSS medication related generated alerts. Interviews were 

also deemed appropriate for expressions of suggestions provided by physicians 

with potential to improve CPOE use and CDSS medication related alerts displayed 

to them during prescribing medications for patients.  A semi-structured interview 

guide was developed based on literature review of similar studies (Barber et al., 

2006, 2007; Jani, 2008). Some significant findings from phase one of this study were 

also incorporated in question format in the structured interview guide for follow up 

during the interviews. Physicians with prescribing authority in KKUH and KAUH 

were invited to participate in interviews with the researcher. The face-to-face semi-

structured interviews were conducted in KKUH or KAUH (according to the request 

of the physician) and were audio recorded after seeking informed consent. The 

audiotaped interviews were transcribed. QSR International’s NVivo® 12 software 

(2018) was used to assist in data management and analysis. The data was coded, 

subthemes and main themes derived and identified. The main findings were 

integrated onto the predetermined framework used in this thesis (Cornford et al., 

1994) and interpreted in the context of KSUMC. More information on the qualitative 

arm of the study and main findings can be found in chapter five. 

Focus group discussions and interviews (unstructured, structured, and semi-

structured) were considered for use in phase two, as methods to gain insight on 

prescribers’ perceptions towards use of CPOE and CDSS to prescribe medications 

for patients in KSUMC. A focus group is sometimes referred to as ‘focus group 

interview’ which emphasises the fact that focus group is a kind of interview (Robson, 

2011).  Advantages of focus group interviews are that it is efficient technique for 

qualitative data collection since the amount of data collected is increased by 

interviewing several people at the same time (Robson, 2011). However, prescribing 

medications by CPOE is an individual activity, not a group activity, and ‘different’ 

views or behaviours might not be easily expressed due to the discussions taking 
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place in a group (worry about lack of confidentiality/anonymity), and for these reason 

focus group interviews were not used for data collection in phase two. Unstructured, 

structured, and semi-structured were interview types considered for the collection 

of data in phase two. Each is distinct based on the degree of the structure of the 

interview. In an unstructured interview the interviewer has a general area of interest 

and concern but allows the conversation to develop within the area. A fully 

structured interview has predetermined questions with fixed wording, usually in a 

preset order, while a semi structured interview has an interview guide that serves 

as a checklist of topics to be covered, but the wording and the order of the questions 

can be modified based on the flow of the conversation (Robson, 2011).  

There were identified specific issues from phase one that were noteworthy to follow 

up and for this reason the general topic approach of unstructured interviews was 

not suitable. Semi structured interviews were chosen over structured interviews, and 

allowed the use of open-ended questions, allowing the interviewer to pursue an 

interesting idea in more details and follow up questions (Britten, 2006), to provide 

insight on human perspectives, one the concepts of the conceptual framework used 

in the thesis. A semi-structured interview approach (rather than a structured 

interview) with feasibility to ask unplanned follow up questions was more suited to 

the research purpose. 

Therefore, by use of exploratory sequential mixed methods different aspects of 

CPOE and CDSS have been evaluated by two methods. The three concepts of the 

conceptual framework which are taken into account; systems functions (in phase 

one mainly) human perspectives (in phase two mainly) and organisational context 

(phase one and phase two). 

In conclusion, this chapter has briefly introduced relevant theoretical frameworks 

considered to be used to evaluate CPOE and CDSS.  The chosen explanatory 

sequential mixed methods design used for the empirical studies of this PhD was 

also described. The next chapter describes the systematic review of the literature 

on the safety of medication use in the Gulf Cooperation Council (GCC) countries. 
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Chapter 3: Systematic review on medication 

safety in inpatient, outpatient and primary care 

settings in the Gulf Cooperation Council 

countries 
 

The findings of this chapter were published as a full text journal article in the Saudi 

Pharmaceutical Journal, Volume 26, Issue 7, November 2018, Pages 977-1011 

(Alsaidan et al., 2018). 

3.1 Introduction 
As described in the previous chapter, CPOE and CDSS have been implemented as 

technologic solutions to medication errors in many hospitals worldwide, with more 

data from developed countries than developing countries. This chapter describes a 

systematic review of the literature medication safety research from the Gulf 

Cooperation Council (GCC) countries in order to describe the breadth of problems 

associated with medication use.  
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  The rationale for reviewing studies carried out in the GCC was the reflection that 

health systems are comparable. It was especially important to build familiarity with 

studies carried out and their findings in order to develop projects for this PhD to find 

something novel in this region as a whole and for KSA context. 

The GCC was formed in 1981 and comprises six countries: Bahrain, KSA, Kuwait, 

Oman, Qatar, and United Arab Emirates (UAE). The aim was to reach a cooperative 

framework joining the six states for interconnection (Cooperation Council for the 

Arab States of the Gulf, Secretariat General, 2020). Deep religious and cultural ties 

link the states, and their citizens share a feeling of kinship. One of the objectives of 

this cooperation formation was to develop similar regulations in various fields 

including social and health affairs (Cooperation Council for the Arab States of the 

Gulf, Secretariat General, 2020). These countries are listed by the United Nations 

World Bank as high-income countries (World Bank, United Nations, 2017). Total 

expenditure on health as a percentage of the country’s gross domestic product 

ranged from 2.2% to 5.0% in 2014 (WHO, 2014a). The GCC countries are all part 

of the Eastern Mediterranean Region classification of the WHO (WHO, 2020). The 

health systems of the countries of the GCC are comparable and are more similar to 

each other than to the health systems of other countries within the Eastern 

Mediterranean Region or other Middle Eastern countries. The countries of the GCC 

are currently experiencing an increased demand for healthcare services due to rapid 

growth of the population, increased life expectancy, and epidemiological trends 

(Khoja et al., 2017).   A previous systematic review of MEs (Alsulami et al., 2013) 

across the Middle Eastern countries has concluded: 

 “The main factor contributing to MEs in Middle Eastern countries is poor 
knowledge of medicines by both doctors (prescribers) and nurses 
(administering drugs). Most studies did not assess the clinical severity of 
the ME”. 
                                                                               (Alsulami et al., 2013).  

 
Publications specifically from the GCC region report ME as an issue within both 

primary care (Al Khaja et al., 2005, 2008b) and the inpatient settings (Al-Dhawailie, 

2011). Internationally the concept of ‘‘medication safety” potentially encompasses a 
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wide range of areas (Ackroyd-Stolarz et al., 2006) and (McLeod, 2016). There are 

inconsistencies in the definitions of commonly used terms (Ackroyd-Stolarz et al., 

2006). The next section describes the aim and objectives of this review. 

3.2 Aim and objectives 
The aim of this systematic review of the literature was identify and summarise 

quantitative as well as qualitative literature published on MEs, DRPs and ADEs 

from the GCC countries. 

The objectives were: 

1- To assess the quality of the included studies using predetermined criteria 

2- To provide a description of the definitions used for outcomes by the studies  

3- To identify any gaps in the literature and make recommendations to address 

these gaps. 

3.3 Methods 
3.3.1 Data sources and search strategy 

The following electronic databases were searched for the period 1 January 1990 to 

31 August 2016: Cumulative Index of Nursing and Allied Health Literature (CINAHL 

Plus), Excerpta Medica Database (EMBASE), International Pharmaceutical 

Abstracts (IPA), US National Library of Medicine National Institutes of Health 

(PubMed) (MEDLINE), Science Direct, and Web of Science (see Table 3.1 below 

and Appendix C, page 242). Bibliographies of relevant publications were also hand 

searched. The search strategy was tailored to each database and medical search 

headings (MeSH terms) were also utilised for PubMed (MEDLINE). The PhD 

student Jamilah Ahmad Alsaidan screened the titles and abstracts of all 3,115 

records identified, for relevance and to determine if the complete text should be 

retrieved for comparing against inclusion/ exclusion criteria and potential inclusion 

to the review with more details in Figure 3.1. A random 10.0% sample was then 

screened by a second researcher helping with this purpose Dr. Nada Atef Shebl to 

assess reliability. Cohen’s kappa (K) value calculated to be 0.568 and this is 
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interpreted as indicating moderate agreement (Landis and Koch, 1977). Any 

differences in opinion between PhD student and researcher Dr. Nada Atef Shebl 

about the relevance of the papers were resolved by discussion. For final study 

selection, the full text was assessed by the PhD student; any uncertainty was 

referred to researcher Dr. Nada Atef Shebl. Any cases of disagreement were 

referred to a third reviewer the primary PhD supervisor Professor Bryony Dean 

Franklin, with further clarification and consultation undertaken by the secondary 

PhD supervisor Professor Jane Portlock and the internal supervisor Dr. Hisham 

Aljadhey as needed. Details of the protocol were registered with the PROSPERO 

international prospective register of systematic reviews (reference 

CRD42016038733). 

Table 3.1: Databases searched, and initial numbers identified from each database 
 

CINAHL- Cumulative Index of Nursing and Allied Health Literature 

EMBASE- Excerpta Medica Database  

IPA- International Pharmaceutical Abstracts 

 
 

3.3.2 Study selection 
3.3.2.1 Inclusion criteria 

Research articles assessing MEs, DRPs, ADEs (preventable and non-preventable) 

and potentially inappropriate medications in one of the GCC countries (published in 

English or Arabic) were included. Both qualitative and quantitative studies of all 

study designs were included. Studies on prescribing, dispensing, administration and 

monitoring errors in inpatient, hospital outpatient and primary care settings whether 

hospital or community pharmacies were included. Also included for review were 

studies examining administration errors by patients/caregivers in their own homes 

Database Numbers identified from each database 
CINAHL 78 
EMBASE 1,376 
IPA 47 
PubMed 742 
Science Direct 746 
Web of Science 126 

Total identified initially = 3,115 
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as well as original descriptive research on medication reconciliation errors and 

medication history errors (errors in the process of documenting the medications the 

patient is taking or used to take). Studies of pharmacists’ interventions to reduce 

MEs, ADEs or DRPs were also reviewed for inclusion. According to the definitions 

utilised by the Saudi Arabian Ministry of Health (MOH) the term ME was defined as:  

‘‘ME is any preventable event that may cause or lead to inappropriate 
use or patient harm while the medication is in the control of the health 
care professional, patient or consumer”. 
                                                                                            (MOH, 2015). 

Published indexed conference abstracts were also included given the anticipated 

paucity of published full text research articles within the GCC. Therefore, full text 

journal articles and published indexed conference abstracts were judged against the 

inclusion criteria for inclusion in the review. 

3.3.2.2 Exclusion criteria 

Letters of communication, opinion pieces, editorials and case reports were 

excluded. Studies focussing on expected side effects occurring with the proper use 

of a medication were also excluded, where a side effect was defined as:  

‘‘An expected, well known reaction that results in little or no change in 
patient management”. 
                                                                          (Ninno and Ninno, 2001).  

 

Research concerned with blood/blood products, parenteral and enteral nutrition was 

excluded. Systematic reviews that had studies involving the GCC countries among 

their review of studies were not included in the review but used as a potential source 

to identify further relevant studies for inclusion. Finally, articles associated with 

attitudes, perceptions, or views on clinical services were excluded. 
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3.2.2.3 Process of data extraction 

Search results were exported to Endnote X7 (Thomson Reuters, Times Square New 

York, NY, USA). Duplicates were removed. Article titles and abstracts were initially 

screened for relevance to the systematic review inclusion and exclusion criteria, 

followed by full text retrieval analysis. Any ambiguities regarding potential inclusion 

or exclusion of a study were discussed with a researcher helping with this research 

Dr Nada Shebl and the primary PhD supervisor Professor Bryony Dean Franklin. 

Further clarification and consultation were undertaken by the secondary PhD 

supervisor if needed. Data from included studies was extracted on to a data 

collection sheet developed by the PhD researcher Jamilah for this purpose. The 

extracted data comprised of country, setting and data collection duration, study 

design, definitions used for study outcomes, the medication safety aspect analysed, 

method of error identification, and reported results. The extraction form was 

completed by the PhD researcher Jamilah and reviewed the PhD supervisors, and 

further discussed with Dr Nada Shebl or the internal supervisor Dr Hisham Aljadhey. 

3.3.2.4 Quality assessment 

Quality assessment of the reviewed included studies was carried out by the PhD 

researcher Jamilah independently and by researcher Dr Nada Shebl and then 

discussed until consensus reached, with any remaining uncertainties directed to and 

resolved by primary PhD supervisor Professor Bryony Dean Franklin. The quality 

assessment was carried out as part of the analysis after a study was assessed 

eligible for inclusion to the review. Study quality was based on specific aspects 

relating to medication safety research according to the criteria listed below. No 

threshold or ‘quality score’ was placed for inclusion to the review. These criteria 

were adapted (to include any type of ME study) from previous studies of ME (Allan 

and Barker, 1990) as well as (Ghaleb et al., 2006) and other similar systematic 

reviews (Alsulami et al., 2013) and (McLeod et al., 2013). Criterion number eight 

applied to two aspects of sampling, (sampling and calculation of sample size) and 

each was assessed and reported whether this criterion was fulfilled completely or 



72 
 

partially. Criteria number one through thirteen were relevant to all medication error 

study types, while criteria number 14 and 15 applied only to studies of administration 

error. Any criteria not applicable to the study design were classified as ‘not 

applicable’ (n). 

 

1. Aims/objectives of the study clearly stated 

2. Definition of what constitutes an ME 

3. Error categories specified 

4. Error categories defined 

5. Presence of a clearly defined denominator 

6. Data collection method described clearly 

7. Setting at which study conducted described 

8. Sampling and calculation of sample size described (unit of measurement) 

9. Reliability measures 

10. Measures in place to ensure that results are valid 

11. Limitations of study listed 

12. Mention of any assumptions made 

13. Ethical approval 

14. Inclusion of IV administrations 

15. Inclusion of paediatric doses 

3.4 Results 

3.4.1 Search results 
The search yielded a total of n =3,115 hits; an additional two were identified via search of 

bibliographies, therefore total identified studies n =3,117. After duplicate record removal 

(n =1,023), the number of records remaining was n =2,094 which were screened 

according to title. All studies identified were in English, no studies in Arabic were 

identified. Following initial title screening, n= 1798 records were excluded, and n= 296 

records were assessed as being potentially relevant and the retrieved for assessment 

against inclusion and exclusion criteria stated in section 3.3.2.1 and section 3.3.2.2. 



73 
 

Reasons for exclusion were that the study was not relevant to the topic, or not carried out 

in one of the GCC countries, or fitting exclusion criteria, and other reasons detailed in 

Figure 3.3.  

After assessment against inclusion and exclusion criteria by Jamilah and researcher 

Nada Shebl, 54 studies were identified as eligible for inclusion to the review.  Forty-two 

studies were full text journal articles and 12 studies were conference abstracts. The 

geographical distribution of the studies is shown in Figure 2.1. Thirty-eight of the studies 

were carried out in Saudi Arabia. None of the included studies were conducted in Kuwait. 

 

 

Figure 3.2: Geographical distribution of full text or abstract studies included in the review. 

 

Abbreviations- KSA: Kingdom of Saudi Arabia. UAE United Arab Emirates 
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Figure 3.3: Prisma flow chart. 
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3.4.2 Quality assessment 
The included studies were assessed according to criteria listed earlier in section 

3.2.2.4. The assessed quality of the studies varied. All the conference abstracts 

clearly stated the aim/objectives of the study, and most studies adequately 

described the setting. Most of the conference abstracts did not meet quality 

assessment criteria such as the inclusion of sample size calculations, validity and 

reliability considerations, study limitations or details of ethical approval. This is 

assumed to be likely due to their limited word count. None of the conference abstract 

studies defined what constitutes an ME.  Upon assessment of the quality of the 42 

full text studies using the criteria listed in section 3.3.2.4, all studies clearly stated 

aim/objective of the study and described the method of data collection. Six of the 42 

full text studies adequately described sampling (criteria number eight on the list), 32 

studies only partially met this criterion, while four studies did not provide a 

description or calculation for their sample size. Twenty-five studies defined the study 

outcome and error category, and 18 studies provided a definition for ME. Seventeen 

studies did not include details of ethical approval. Criteria 14 and 15 are relevant to 

studies of medication administration errors (MAE) and were only applicable to three 

studies, one conference abstract (Aljamal, 2013) and two full text two studies and 

(Almazrou et al., 2015) are described in section 3.4.3.1.2, the remaining study 

(Sadat-Ali et al., 2010) assessed more than one type of ME and is described in 

section 3.4.3.1.5.  Further details on the assessed quality of the included studies 

can be found in Appendix D (page 244).  

3.4.3 Description of included studies 
This section 3.4.3 summarises the characteristics of the included studies; the filled 

data collection sheet is in Appendix F (page 254). Studies were classified within 

five main categories. The first main category was studies of MEs (n = 34), which 

were further categorised into six subcategories as shown in Figure 3.3 below. The 

remaining main categories were studies on DRPs (n =5); studies on ADE (n=3); 
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studies on pharmacists’ interventions to reduce ME, DRP and ADE (n = 9); and 

studies on perceptions of HCP on ME and ME reporting (n = 3).   

 

 

 

 

             Figure 3.4: Study types included. 
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HCP- Health care practitioner, ME-Medication error 
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3.4.3.1 Studies describing medication errors 

3.4.3.1.1 Studies describing prescribing errors  

Of the 34 studies focussing on ME, 17 studies described prescribing errors. Seven 

were cross-sectional audits of prescriptions of which six were audits of handwritten 

paper-based prescriptions (Al Khaja et al., 2005, 2006, 2007, 2008a; Al-Hussein, 

2008; Khoja et al., 2011) and one study included both handwritten and electronic 

prescriptions (Albarrak et al., 2014). Five studies were retrospective audits of 

prescriptions (Irshaid et al., 2005; Al Shahaibi et al., 2012; Al Khaja et al., 2012; 

Aseeri, 2013; Altebenaui, et al., 2015). Three studies were retrospective analyses 

of paper based patient charts (Al-Jeraisy et al., 2011) and (Youssef et al., 2015) 

and two studies were cross-sectional paper based patient chart reviews (Al-

Dhawailie, 2011; Al Anazi et al., 2015). Data collection periods ranged from two 

weeks to three years. Prescribing error definitions used frequently by the studies 

were that of Neville and colleagues (Neville et al., 1989) and Dean (Dean, 2000). 

Appendix E (page 247) gives more information on the definitions used in the 

studies included in the review. Fourteen studies assessed prescriptions from one 

setting, three studies assessed prescriptions from more than one setting. Of the 

fourteen, nine studies were conducted within a primary care or outpatient care 

setting, four related to the inpatient hospital setting, and one study examined 

prescriptions in an emergency department (ED) of a tertiary care facility. Regarding 

the three studies that examined prescriptions from more than one setting, one 

study assessed prescriptions from inpatient and outpatient setting, one study 

assessed prescriptions from the outpatient clinics and ED, while one study 

assessed prescriptions from the inpatient, outpatient and ED settings. Within 

outpatient and primary care settings, the prevalence and types of prescribing 

errors have been described for infants as well as adults. In a Bahrain study 

analysing prescriptions issued for infants (Al Khaja et al., 2007) approximately 

91.0% of prescriptions contained an error. In another Bahrain study (Al Khaja et 

al., 2006), approximately one fifth of infants were prescribed antibiotics at sub 

therapeutic doses. For adults, studies report varying results, ranging from 
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approximately 7.0% of prescriptions containing errors (Al Khaja et al., 2005), to 

approximately 18.0% of prescriptions containing errors (Khoja et al., 2011). A study 

from Bahrain reported approximately one quarter of prescriptions ordered by two-

thirds of primary care physicians had errors (Al Khaja et al., 2012). Other studies 

reported up to 50.0% of prescriptions missing at least one item of information 

(Altebenaui, et al., 2015). Furthermore, up to 88.0% of prescriptions written by 

junior doctors were identified to contain major errors of omission and commission 

or errors of integration (Al Khaja et al., 2008a). Errors of integration or knowledge-

based errors in prescribing were defined in the study to include potential drug 

interactions or drug allergies, which may reflect a failure of the prescriber to 

integrate information about the patient or drug history (Al Khaja et al., 2008a). An 

Omani study by (Al Shahaibi et al., 2012) found that different kinds of omission 

error were evident in up to 72.0% of prescriptions. A study on compliance with 

good writing practice in outpatient clinics in KSA (Irshaid et al., 2005) reported 

(from the retrospective audit of handwritten prescriptions), that physicians’ 

handwriting was illegible in approximately 64.0% of prescriptions. In the central 

region of KSA a study assessed the prevalence and predictors of antibiotic related 

prescription errors among patients admitted to an ED at a tertiary health care 

facility (Al Anazi et al., 2015) and  reported that the prevalence of inappropriate 

antibiotic prescriptions with at least one or more types of error was significantly 

higher among paediatric patients compared to adult patients. Another KSA study 

(in which prescriptions were checked for compliance with 14 components of local 

guidelines) reported that 87.0% of prescriptions did not meet these requirements 

(Al-Hussein, 2008). Regarding prescribing errors within an inpatient setting, three 

KSA  studies  analysed  inpatient handwritten medication charts and medication 

orders (Al-Dhawailie, 2011; Al-Jeraisy et al., 2011; Mahmoud et al., 2016). Dosing 

errors were most prevalent error type in all three studies. A study from KSA   

reported approximately 7.0% of medication orders had prescribing errors (Al-

Dhawailie, 2011), while another study (Al-Jeraisy et al., 2011) on paediatrics in the  

inpatient setting in KSA  reported that the overall prescribing error rate was 56 per 

100 medication orders (95% CI: 54.2% - 57.8%).  The third study, which was a 
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conference abstract by Mahmoud and colleagues reported that the incidence of 

prescribing errors was 3.6 (95% CI, 3.3–3.9) per 100 prescriptions, 33.9 (95% CI, 

31.5–36.6) per 100 admissions and 76.5 (95% CI, 70.9–82.3) per 1000 patient 

days (Mahmoud et al., 2016). One single centre study in KSA (a hospital that had 

CPOE and CDSS) system reported that in a period of one year a total of 314 

patients received at least one medication that was renally cleared and/or 

potentially nephrotoxic, and 14.0% (n = 44) were contraindicated medications 

despite the prescriber receiving a CDSS medication related alert (Youssef et al., 

2015). Two studies assessed prescribing errors from more than one hospital area 

(Aseeri, 2013; Albarrak et al., 2014). One study retrospectively reviewed 

prescriptions from outpatient, inpatient and ED settings and described the use of 

a tool to decrease problems associated with medication use (Aseeri, 2013). This 

study reported the outcome of introducing an antibiotic dosing standardisation 

policy and its reduction of prescribing errors. The dosing tables were made 

available in card-size format that easily fit into a physician’s white coat pocket. 

Dosing tables were also posted on the walls of each inpatient care unit.  Antibiotic 

prescriptions for paediatric patients (14 years of age or younger) were included. 

Dosing errors identified on prescriptions reduced from approximately 34.0% of 

prescriptions pre-implementation phase to approximately 5.0% of prescriptions 

analysed after the implementation phase, a statistically significant reduction (P = 

0.0001). Albarrak and colleagues (Albarrak et al., 2014) compared handwritten and 

electronic prescriptions in primary care and outpatient surgery setting and inpatient 

respectively, for legibility and completeness. A statistically significant difference 

was identified (P<0.001) between handwritten and electronic prescriptions in 

omitted dose and omitted routes of administration.  

3.4.3.1.2 Studies describing medication administration errors 
Two studies were identified, both observational in nature, both carried out in KSA, 

where observation of medication administration was the method of data collection. 

One was carried out in an outpatient pharmacy waiting area, and the other in the 

inpatient setting. The inpatient observation study (conference abstract) described  
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observing nurses during medication administration in the inpatient setting (Aljamal, 

2013). A total of 169 MAEs were observed out of 2,112 opportunities for error, 

representing an error rate of 8.0%. The most common errors were wrong time, 

dose omission, and wrong dose. The outpatient setting study (Almazrou et al., 

2015) reported that 575 participant mothers (patient carers’) were observed as 

they used three dosing devices (which are a dosing cup, syringe and dropper) to 

measure paracetamol syrup dosages. Dosing errors were evaluated visually as 

overdosing, under dosing, or no error (if the dose was accurate). It was found that 

58.0% (n = 334) measured an accurate dose of paracetamol using an oral syringe 

while 50.0% (n = 286) of mothers measured an accurate dose of paracetamol 

using a dropper and 49.0% (n = 282) of mothers measured an accurate dose using 

a dosing cup. Dosing accuracy for each type of instrument was influenced by the 

mothers’ education status. 	 

3.4.3.1.3 Studies assessing errors in medication history and 
medication reconciliation errors  

There were several methods used by the five studies of medication reconciliation or 

medication history errors. In four studies (AbuYassin et al., 2011; Rehmani, 2011; 

Al Anany et al., 2012; Aljadhey and Al-Rashoud, 2013) pharmacists screened the 

patient chart and performed interviews to identify discrepancies at admission or at 

discharge, triage or transfer between inpatient wards; and then compared with 

patient medical record or patient discharge medication list. Another study developed 

a medication reconciliation (MR) form as a tool to detect medication discrepancies 

(Sonallah et al., 2014).   A study conducted in KSA (Aljadhey and Al-Rashoud, 2013) 

screened 173 patients. There were 568 discrepancies identified in 121 patients of 

178 (approximately 70.0% of patients). The discrepancies were of the type 

omission, commission, changed frequency, duplication and wrong duration.  The 

authors of a  study conducted in Qatar (Sonallah et al., 2014) collected MR forms 

and documented the number and types of medication discrepancies. A total of 232 

MR forms were collected and 1,640 medications were reconciled. Upon hospital 
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admission 178 (76.8%) forms were identified to contain medication discrepancies, 

due to medication omissions, incorrect dosages and different medications.   

3.4.3.1.4. Studies assessing potentially inappropriate medications 
use  
Two studies, both conducted in KSA, (Al-Omar et al., 2013) and (Al Odhayani et al., 

2017) assessed potentially inappropriate medications use in elderly patients. Al-

Omar and colleagues reported that out of 4,856,776 outpatient prescriptions 

prescribed in the three-year study period, 910,644 (18.7%) prescriptions were for 

patients 65 years of age or older. Of these 910,644 prescriptions, 20,521 (2.3%) 

contained potentially inappropriate medications. Approximately 44.0% (n = 2,635) 

of the filled prescription contained at least one potentially inappropriate medication 

in the outpatient setting. Al Odhayani and colleagues reported that the medical 

records of 798 patients randomly selected from the patient registry programme, 

(those attending appointments in the outpatient clinics or as part of home health 

care programme part of Prince Sultan Medical Military City) were analysed. 

Approximately 53.0% of patients (n = 419) were using one or more potentially 

inappropriate medications. Harm caused by these potentially inappropriate 

medications was not assessed. 

3.4.3.1.5 Studies assessing more than one type of medication error 
Overall, eight studies reported more than one type of medication error. Two studies 

were retrospective in designs and conducted in KSA. The first study (Dibbi et al., 

2006) reported results of  reviewed medical records for adult hospitalised patients, 

the study period was  two years. It was found that the most common type of error 

was wrong strength (concentration). The second study (Alakhali et al., 2014)  

reviewed prescriptions from the outpatient setting for two months and identified 

1,850 opportunities for error and 201 (10.9%) prescribing, 7 (0.4%) dispensing and 

9 (0.5%) administration errors. Five studies assessed more than one type of 

medication errors using incident reports. The following studies all took place in large 

tertiary care hospitals in Saudi Arabia. Incidents were reported at a rate of 5.8 per 

1,000 patient days as stated by Arabi and colleagues (Arabi et al., 2012), and ME 
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made up approximately 7.0% of all incident reports from the hospital and 

approximately 13.0% of all incident reports from the ICU. In another study, (Alshaikh 

et al., 2013) the ME rate over the 1-year study period was 0.4% (949 MEs for 

240,000 prescriptions), and approximately 1.5% (n = 14) of these MEs were 

categorised as resulting in any harm to the patient. MEs were reported to have 

originated predominantly at the prescribing stage of the medication process. In the 

next study (Sadat-Ali et al., 2010) all ME incident reports collected in the two-year 

period were analysed. Thirty-eight ME were reported from 23,597 admissions, 

giving an ME reporting rate of 0.2% per admission. The fourth study (Hemida et al., 

2011) was specific to a neonatal intensive care unit (NICU) and estimated an 

incidence of one report involving ME per 250 admissions, with antibiotics the most 

commonly involved medications. The last study assessing ME through incident 

reports (Al-Khani et al., 2014) assessed 2073 prescribing errors reported through 

the reporting system in the 20 month study period. It was determined that 203 

(10.0%) of prescribing errors included in the hospital reporting system were 

identified by pharmacists to be prescribing errors involving the wrong drug. The 

remaining study reported the impact of the structured educational programme for 

inpatient nursing staff on the usage of MedSafe® tool, a medication error reporting 

programme launched in all inpatient nursing stations (Elnour et al., 2007). Results 

indicated an increase in the number of ME reported to the MedSafe® tool after the 

structured programme, the types of errors most often reported were monitoring 

errors and dosage errors. 

3.4.3.2 Studies of drug related problems 

Five studies assessed DRPs. All five were conducted in KSA and differentiated 

preventable and non-preventable DRPs. Three studies (Al-Olah and Al Thiab, 2008; 

Al-Arifi et al., 2014; Alghamdy et al., 2015) defined DRPs according to the definition 

of Strand and colleagues (Strand et al., 1990) which states: 

“DRP is an event or circumstance involving drug treatment that actually 
or potentially interferes with the patients experiencing an optimum 
outcome of medical care”. 
                                                                                  (Strand et al., 1990). 
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The DRP definition and classification of the Pharmaceutical Care Network in Europe 

(PCNE)  was used by two studies (Rashed et al., 2013) and (Al Hamid et al., 2016). 

The PCNE defines DRP as: 

“A DRP is an event or circumstance involving drug therapy that actually 
or potentially interferes with desired health outcomes”. 
                                                                                           (PCNE, 2010). 

The different DRP categories identified across all five studies included adverse 

reactions, drug choice problems, dosing problems, and drug interactions. 

Pharmacists’ clinical interventions on identification of DRPs were at the prescriber 

level, patient/caregiver level, and the drug level. Al-Olah and Al Thiab reported that 

of 557 patients admitted to the ED during the 28-day study period, 82 patients 

(14.7%) were admitted due to DRPs. The most common definite DRP-related 

admission to hospital was due to failure to receive medications, followed by adverse 

drug reactions(Al-Olah and Al Thiab, 2008). Another study (Al-Arifi et al., 2014) 

reported that of 300 patients randomly selected during the one month study period, 

56 patients (approximately 19.0%) presented to the ED due to DRPs and 52 needed 

hospital admission. The most common DRPs identified were ADRs and patients’ 

non-adherence to medication. Alghamdy and colleagues reported that of 5,574 

patient admissions, 253 (approximately 5.0% of admissions) were due to DRPs,186  

were preventable (Alghamdy et al., 2015). One study (Rashed et al., 2013) 

assessed attendance of paediatric patients to the ED, and of 143 patients, 41 

patients (approximately 29.0% of patients) were identified to have 52 DRPs, of 

which 51 were judged preventable DRPs. Another study (Al Hamid et al., 2016) 

developed a data collection tool based on the PCNE classification (PCNE, 2010). 

To identify medicine related problems (MRP) information from 150 randomly 

selected patient medical records from all admissions for patients over 18 years of 

age were analysed and identified 94 MRPs, of which 64 (67.0%) were definite 

(actual as defined by PCNE 2010, based on personal communication with Abdullah 

Alhamid, October 2017), while 31 (33.0%) were probable (potential as defined by 
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PCNE 2010). Major risk factors associated with MRPs were polypharmacy and 

patient non-adherence.  

3.4.3.3 Studies assessing adverse drug events  

Three studies assessed ADE. A study from UAE (Al-Tajir and Kelly, 2005)  

compared two methods to detect ADEs. The first method of data collection for ADEs 

was limited to spontaneous reporting. For the second arm of the study active 

monitoring for ADEs took place. It was concluded that the incidence of ADEs 

detected through surveillance (active monitoring) was significantly higher than for 

ADEs reported spontaneously for both inpatients and outpatients. In KSA, another 

study (Aljadhey et al., 2013) determined the incidence of in-hospital ADEs and 

assessed their severity and preventability in an academic tertiary hospital. Incidents 

were identified through a combination of medical record review by study 

pharmacists and voluntary reports from other health care professionals. The 

incidence of ADEs was 8.5 per 100 admissions. Incidences of preventable and non-

preventable ADEs were 2.6 and 6 per 100 admissions respectively. This study was 

carried out in inpatient adult wards, and as part of the context of hospitals in KSA 

the authors clarified that patients 12 years of age or older were included in the study, 

explaining that this is the minimum age of admission to the adult wards. In a more 

recent study (Aljadhey et al., 2016) determined the incidence of in-hospital ADEs 

and assessed their severity and preventability in four hospitals in Saudi Arabia. 

Incidents were identified as described in the study mentioned earlier (Aljadhey et 

al., 2013). The incidence of ADEs per 100 admissions was 6.1 and the incidence of 

potential ADEs was 16.9 per 100 admissions where a potential ADE was defined 

according to the definition of Morimoto and colleagues as: 

 “Potential ADE is defined as an error that carried a risk of causing injury 
related to the use of a medication but does not actually cause injury, 
either because of specific circumstances, chance or because the error 
was intercepted”. 
                                                                               (Morimoto et al., 2004) 
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3.4.3.4 Studies of pharmacists’ interventions 

Nine studies focussed on pharmacists’ interventions, these had a variety of designs 

and interventions were aimed to address assessment/ reduction of medication 

errors or problems associated with medication use. Of the nine studies, three were 

conference abstracts and six were full text journal articles. The studied interventions 

included pharmacists’ documentation of interventions on prescriptions on the 

inpatient ward, or in primary care clinics; pharmacist performing medication use 

reviews pharmacist counselling to patients, pharmacist education to physicians. The 

first was a conference abstract from KSA (Rahman et al., 1994)  in which authors 

documented interventions on prescriptions with an intervention rate (error rate) was 

1.3%. It is noteworthy to mention this conference abstract dated 1994 is the oldest 

study to meet inclusion criteria to the review. Another three studies (one from Qatar 

and two of which were from Oman) documented pharmacists’ interventions on 

prescriptions and reported rates of interventions acceptance ranging from 53.0% up 

to approximately 98.0% of all suggested interventions  (Hooper et al., 2009) and (I. 

Al-Rashdi et al., 2010) and (Al Rahbi et al., 2014). In KSA using a prospective, non-

randomised design study duration three months) Al-Ghamdi and colleagues 

reported the benefits of comprehensive pharmacist counselling at the time of 

discharge (Al-Ghamdi et al., 2012). There was a significant difference in the 

occurrence of ADEs between the control group (no pharmacist counselling) and 

intervention group. One hundred patients were allocated to each group. In the 

control group 23 incidents of ADEs were identified in 21 patients, of which 14 

(61.0%) of ADEs were judged preventable, and 39.0% (n = 9) were judged to be 

serious. In the intervention group two ADEs occurred in two patients, 50.0%  (n = 1) 

was judged to be preventable and 50.0% (n = 1) was judged to be serious (Al-

Ghamdi et al., 2012). In KSA a prospective, non-comparative observational study 

(Al-Jazairi et al., 2008) evaluated 394 interventions of a clinical pharmacist in an 

ICU setting (study duration six months) on 600 patients, reporting that the medical 

team accepted 328 of the interventions. The main DRPs identified were no drug 

prescribed for the medical condition, inappropriate dosing regimen and no indication 

for drug use. A study in Qatar (Mitwally et al., 2015) involved the clinical pharmacists’ 
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preparation of educational sessions on prescribing errors (the educational sessions 

were directed towards physicians). Random prescriptions were collected for one-

week prior (n = 948) and one week after (n = 874) the educational sessions. The 

total number of errors in the pre-education sample was 20.8% (n = 197) compared 

to 87 errors in the post education sample, an overall reduction of 52.0% (P<0.001). 

In KSA, Rashed and colleagues (Rashed et al., 2012) investigated DRPs in 

hospitalised children and 258 DRP were identified for 186 children (during three-

month period). The median number of DRPs per patient was one. Dosing problems 

were the most common DRP identified, followed by drug choice problems and 

ADRs. The 325 pharmacists’ interventions, they were at drug level, the prescriber 

level and done at patient/caregiver level (Rashed et al., 2012). Kheir and colleagues  

reported the results of their cross-sectional exploratory study of conducting 

interviews as part of medication use reviews within a primary health care facility in 

Qatar (Kheir et al., 2014). DRPS identified were categorised according to PCNE 

DRP classification system (PCNE, 2010). In 56 medication reviews conducted, 173 

DRPs were identified. The most encountered DRPs were non-adherence and 

adverse drug reactions. 

3.4.3.5. Studies on awareness or perceptions of health care 

practitioners towards medication errors 

Three studies considered this topic; all were conducted in KSA as questionnaires or 

surveys. Al-Rowibah and colleagues reported the findings of their questionnaire 

study aimed to determine the physicians opinions whether CPOE improves the 

quality of care by increasing patient safety and decreasing medication errors (Al-

Rowibah et al., 2013). The response rate was 31.0% (300 questionnaires were 

distributed, 31.0% (n = 93) were returned). About whether CPOE decreased ME, 

29.0% (n = 27) strongly agreed CPOE reduced ME. Approximately 55.0% (n = 51) 

agreed CPOE introduced new types of errors. Of the general questions, 91 

respondents completed them, and 91.0% (n = 83) agreed that CPOE reduces ME 

related to handwritten prescriptions, but 55.0% (n = 51) reported that it created new 

types of errors. Al-Arifi reported the results of a validated questionnaire to 
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community pharmacists about their attitudes towards  dispensing errors (Al-Arifi, 

2014). Four hundred and seven male respondents (62.0%) indicated that the risk of 

dispensing errors was increasing. The participants were all males as female 

pharmacists, by law, did not work in community pharmacies at the time of this study. 

Similar or confusing names; pharmacist fatigue, and lack of privacy upon dispensing 

medication were factors reported to be associated with dispensing errors (Al-Arifi, 

2014). The results of a survey to collect information on healthcare professionals’ 

(HCP) perceptions towards contributing factors of ME occurrence (Anazi and Al-

Jeraisy, 2015) reported that some of the underlying factors of MEs reported were 

interruptions while writing the order, lack of clarity of physician’s order, and no 

double-checking of the doses. 

3.5 Interpretation of main findings 
The previous sections have described the identification of quantitative published 

literature and provided a summary on the main findings (thus meeting the study’s 

main aim). More information on the databases search and the data extracted from 

the included studies can be found in Appendix C (page 242) and Appendix F (page 

253) respectively. This section will provide a discussion and interpretation of the 

main findings considering the study objectives. To recapitulate briefly, 54 studies 

were identified that met the inclusion criteria; of which 38 were conducted in KSA. 

No articles from Kuwait met inclusion criteria while only two were from the UAE. 

Notably Bahrain, Kuwait and Qatar are associate members of the Uppsala 

Monitoring Centre which is part of the WHO Programme for International Drug 

Monitoring. KSA, UAE and Oman are official members of the Uppsala Monitoring 

Centre, and being official members could be an indicator of the level of commitment 

by the MOH (or equivalent) in maintaining contacts with WHO on issues related to 

medication safety (Uppsala Monitoring Centre, 2019).  KSA is the largest and has 

the highest population of the GCC countries, all of which are factors that may 

account for the larger number of studies from this country. Only one study in the 

review was related to the community pharmacy setting (Al-Arifi, 2014). The studies 

concerning incident reporting were all in tertiary care hospitals in large cities of KSA, 
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with only one study educating staff on usage of a medication error reporting tool in 

Qatar (Elnour et al., 2007). There was a lack of medication safety studies in 

healthcare settings of rural areas. Few studies described data collection from 

multiple settings. While some studies identified errors and provided 

recommendations on how to avoid these errors there were few follow up studies of 

strategies carried out to address them.  Various studies reviewed identified that 

patient non-compliance was a factor in ED visits, and in interventional studies, only 

10% of interventions were recorded on the patient level.  None of the included 

studies used a qualitative study design. Upon consideration of the assessed quality 

of the included studies, documentations of sample size descriptions and details of 

ethical approval were criteria least often met. Approximately half the included 

studies (25 of 54) defined the study outcome and error category.  Regarding the 

definitions used by the studies, none of the included conference abstract studies 

defined ME, while 18 of the full text studies defined ME using one of eight different 

definitions. The definition of ME as per the National Coordinating Council for 

Medication Error Reporting and Prevention he NCCMERP (NCCMERP, 2014a) was 

the most common definition used, and it was used by (Al Khaja et al., 2005; Elnour 

et al., 2007; Hooper et al., 2009; Khoja et al., 2011; Arabi et al., 2012; Alshaikh et 

al., 2013; Aljadhey et al., 2013; Alakhali et al., 2014; Alghamdy et al., 2015; 

Mahmoud et al., 2016). A study on the ME in the paediatric population (Al-Jeraisy 

et al., 2011), used the definition of (Miller et al., 2007) for describing ME. Regarding 

definitions used by studies of prescribing errors, the most commonly used definitions 

were of Neville and colleagues (Neville et al., 1989). This definition of prescribing 

error was used by (Al-Hussein, 2008; Khoja et al., 2011; Altebenaui, et al., 2015). 

The definition of Neville and colleagues classifies prescription errors based on the 

four types potential effects and inconvenience to patients, pharmacists, and doctors. 

The four types of error are type A (potentially serious to patient), type B (major 

nuisance- pharmacist/doctor contact required); type C (minor nuisance- pharmacist 

must use professional judgement) and type D (trivial). However, when reporting the 

study findings, one study (Khoja et al., 2011) reported the numbers of each type (A, 

B, C or D) of prescription error identified. There was less variation with the 
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references of definitions for the studies of DRPs and of ADEs, than with studies on 

ME. For the studies of DRPs (including studies on pharmacists’ interventions to 

reduce DRPs) two definitions were used, the definition of Strand and colleagues 

(Strand et al., 1990) and the definition of the Pharmaceutical Care Network Europe 

(PCNE, 2010). The three studies of ADE included in the review used the definitions 

for ADE and  preventable ADE,  as per Bates and colleagues (Bates et al., 1995b), 

also referenced by  (Jha et al., 1998; Gandhi et al., 2000). The definitions of the 

WHO (WHO, 2002, 2014b), as well as Morimoto and colleagues (Morimoto et al., 

2004) were also to describe the study outcomes of ADE, preventable ADE and non-

preventable ADE. One study (Al-Ghamdi et al., 2012)  in section 2.3.3.4 (studies of 

pharmacists’ interventions) described the effect of pharmacist counselling at 

discharge on patient experienced ADE, and defined the study outcome using the 

definition of Nebeker and colleagues (Nebeker et al., 2004). This definition was 

broader in that it included ME in the definition as follows: 

“An ADE was defined as an injury due to a medication, including both 
ADR and injuries caused by ME” (Nebeker et al., 2004). 

 

The two studies describing potentially inappropriate medications included in this 

review (Al-Omar et al., 2013; Al Odhayani et al., 2017) used Beers criteria to define 

the list of potentially inappropriate medication (The American Geriatrics Society 

2012 Beers Criteria Update Expert Panel et al., 2012). There was not a variation in 

the definitions used to define potentially inappropriate medication use. 

There is a variety of definitions used as to what comprises a medication error or 

what comprises a drug related problem, even from within the same country. This 

agrees with (Alsulami et al., 2013). 

Lack of standardised terminology related to ME studies has been reported 

internationally (Lisby et al., 2010). Within the GCC studies on safety of medication 

use defined study outcomes by using definitions for ME or DRP from international 

reputable associations, from the National Coordinating Council for Medication Error 

Reporting in USA and Pharmaceutical Care Network Europe. The heterogeneity of 

these findings makes it difficult to perform statistical analysis on the collective ME 
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rates in the region. This heterogeneity also underlines the need to attempt to 

standardise terminology related to ME studies across this region. Some of the 

studies reported medications or classes of medication identified to be involved in 

the ME (and its subcategories), DRP, PIM or the ADE. The following table describes 

the medications, or the classes of medications identified in the included studies. 

 

Table 3.2 Medications and classes of medications associated with medication safety issues 
identified in the studies 

Category or subcategory Medication or class of medication identified 

M
ed

ic
at

io
n 

er
ro

r 

Prescribing error Amoxicillin, cephalexin (Al Khaja et al., 2007). 

Thiazide diuretics, metformin (Al Khaja et al., 2012). 

Aspirin, glicazide nitrofurantoin (Youssef et al., 2015). 

Administration error None identified 

Medication Reconciliation Digoxin, bisoprolol, thyroxine (AbuYassin et al., 2011). 

Potentially inappropriate 

medication 

Iron supplements, digoxin, muscle relaxants (Al 

Odhayani et al., 2017). 

Studies assessing more 

than one type of error 

Antibiotics, total parenteral nutrition (Hemida et al., 

2011) 

Drug related problem Aspirin, digoxin, calcium channel blockers, (Al Hamid et 

al., 2016) 

Adverse drug events Central nervous system medications, cardiovascular 

system medications (Al-Tajir and Kelly, 2005) 

Studies assessing interventions of 

pharmacists 

Iron supplements, warfarin, insulin (Al-Rashdi et al., 

2010) 

Perceptions of healthcare 

practitioners towards medication 

errors 

None identified 

 

3.6 Implications of the review for practice 
It has been stated previously in chapter one, in KSA adult inpatient wards are 

generally gender segregated. As Aljadhey and colleagues have described (Aljadhey 

et al., 2013), for their study on incidence of ADE carried out in inpatient adult wards, 

patients 12 years of age or older could be admitted to the adult wards. In another 

study on the prevalence and predictors of antibiotic prescription errors (Al Anazi et 
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al., 2015) the authors defined adults as being 15 years of age or older, and 

paediatrics were less than 15 years of age. In another prospective cohort study 

(Rashed et al., 2012) the authors defined the inclusion criteria to be ‘children aged 

0 to 18 years of age’. Thus, there were differences for the age in years to consider 

a patient as an adult patient and consider a patient as a child. 

Considering these findings, there are several suggestions to improve future studies 

in the region. First, when reporting patient related information, the demographics of 

the patient population are especially important, regarding age of patients in adult 

inpatient wards, as there could be patients younger than 18 years of age admitted 

to these wards. Second, it is now recommended that future studies describe their 

sample sizes and document attainment of ethical review of the study by relevant 

institutional review boards. Future studies should include designs with follow up 

periods/follow up arms of strategies and interventions to overcome or reduce ME. 

Multidisciplinary research is a concept that could be integrated within curricula of 

medical, pharmacy, and allied health sciences schools for enhanced collaboration 

in focussing on medication safety.  It is also important to supplement quantitative 

studies with qualitative research to help understand the causes of medication errors 

and issues with safety of medication use. It is important to encourage a culture of 

‘no blame’ across the GCC and attempts to report and therefore analysis of incidents 

in smaller or rural healthcare institutions; with incentives as guaranteed 

confidentiality and facilitated use of ME reporting system (Clarke, 2006). would help 

identify unique issues faced by the practitioners in these establishments Patient 

interactions with different HCP in this local culture are worth observing, as well as 

exploration of factors which would affect their medication adherence. Various 

studies reviewed identified that patient non-compliance was a factor in ED visits, 

and in interventional studies, only 10% of interventions were recorded on the patient 

level. Understanding of whether there are specific reasons and identifying of issues 

existing with patients in the GCC is a step closer to developing practical solutions. 

In recent years, advances in technology has played a big part in evolution of 

medication prescribing and administration; research evaluating the use of such 
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technology should be encouraged and supported, as should conduction of 

interventional studies. 

 

3.7 Strengths and limitations 
The strengths of this review were that it is the first systematic review focussing on 

ME research within GCC; due to expected paucity of studies, conference abstracts 

were reviewed as well as full text journal articles, and thus the search was very 

comprehensive. While it was difficult to assess the quality of the included abstracts, 

we used the same criteria as for the full text articles. Limitations are that no quality 

threshold was in place to include the article/abstract and so full text articles as well 

as abstracts were included if they met inclusion criteria without regard to their 

quality. This was done to ensure all potential studies related to ME were included. 

While this allowed presentation of a comprehensive picture of research within the 

GCC it does mean that some included studies were of a higher quality than others. 

Due to the lack of standardisation, whether in terminology used or type of data 

collected, or age groups defined as ‘adult’ or defined as ‘child’ it was not possible to 

conduct any form of meta-analysis on the studies identified. While for inclusion in 

the review an inter-rater agreement Cohen’s kappa (K) value was calculated to be 

0.568; this is interpreted as moderate agreement according to Landis and Koch; 

(Landis and Koch, 1977) kappa of agreement value was not calculated for the 

quality assessment of full-text articles and abstracts. However, it was ensured that 

every article included was assessed by two reviewers and any differences were 

discussed and resolved. Also, the degree or the magnitude of harm caused by 

improper medication use was not assessed consistently in studies and could not be 

reported. 

3.8 Conclusions 
This systematic literature review highlighted several findings. The first finding was 

that the literature on ME in the GCC is very diverse, with a wide range of definitions, 

denominators and measurement approaches. The second finding is that it was not 



93 
 

possible to calculate an overall incidence of medication error. Future studies could 

be improved in design to provide wider impact and a clearer rationale. Some 

suggestions are to enhance coordination between healthcare colleges in the region, 

and to strengthen research methodologies to increase validity of results and allow 

them to be placed in context, for example increase follow up studies. Another 

suggestion is to place more emphasis on research of medication errors in the 

community pharmacy setting. Increased understanding of patient behaviour and 

medicine management is also justified. Medication error research is generally 

increasing in the region, several unique issues are noteworthy to be explored for a 

better understanding of errors occurring and solutions to overcome them. 

3.9 Implications for this PhD 
Studies of MEs, DRPs, and ADEs are increasing in the GCC. However, variation in 

methods, definitions, and denominators preclude calculation of an overall error rate. 

Research with more robust methodologies and longer follow up periods is now 

required. Prescribing errors were the type of ME studied the most in this region, 

reported to be as high as 91% of a sample of primary care prescriptions analysed 

in one study (Al Khaja et al., 2007). Most of the research was conducted in settings 

utilising paper-based medication prescribing systems, only three studies conducted 

in KSA involved use of CPOE, the first identified a statistically significant difference 

between handwritten prescriptions and prescriptions entered via computer in 

omitted dose and omitted routes of administration (Albarrak et al., 2014). The 

authors highlight the need to move toward electronic prescribing, and that further 

studies concerning prescribing errors and the impact of electronic prescribing 

systems are needed.  The second study was conducted in a hospital that has CPOE 

and CDSS, and reported that although a CDSS alert was generated for 

contraindicated medications, 14.0% of these medications were administered to 

patients with renal insufficiency nonetheless (Youssef et al., 2015). Part of the 

recommendations to address the gaps in literature are to design studies evaluating 

utilisation of technology in healthcare. Future research should be conducted to fill 

these gaps in knowledge, and to help understand the newer technologies, 
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considering their stage after implementation and utilisation and implications on 

prescribing medication. The third study was a questionnaire study on the 

perceptions of physicians towards whether CPOE had an impact on ME (Al-

Rowibah et al., 2013). It was decided to approach the design of the PhD studies 

with consideration to the gaps in knowledge identified in this literature review, with 

a clear rationale, to examine the utilisation of implementation of CPOE to prescribe 

medications, and the ancillary CDSS that is responsible for alert generation. The 

next chapter recaps the aims and objectives of the studies detailed in this thesis and 

provides details and rationale for the methodologies selected.
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Chapter 4: Assessment of computerised 

prescriber order entry and clinical decision 

support system medication-related alerts  
 

4.1 Introduction 
This chapter discusses phase one of the mixed method study. The aim and 

objectives, methods, and results of the descriptive quantitative study are portrayed. 

The chapter concludes with a discussion of the findings and their implications on 

clinical practice. 

 

 

 

 

 

 

 

             Figure 4.1: Summary of the chapters 

 

4.2 Aim and objectives 
The aim was to attain insight and understanding on utilisation of the CPOE and 

ancillary CDSS medication-alert generation in the KSUMC hospitals KAUH and 

KKUH. Our objectives were to determine rates of the different types of alerts 

generated, accepted, or overridden through reports analysis, to explore the 
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appropriateness of alert display, appropriateness of alert override, and to determine 

documentation of clinician justification for overriding alerts.  

4.3 Methods 

4.3.1 Setting 
The data for the two KSUMC hospitals was collected in the Investigational drug and 

research unit in KKUH in the city of Riyadh, in KSA. As stated in section 1.8 (page 

46 and 47) the system is unified among KAUH and KKUH and practicing clinicians 

with system authorisation can access patient related information. 

4.3.2 Design 
This was a cross-sectional, retrospective, observational study of alerts generated 

by the CPOE system (during the specified period). 

4.3.3 Ethical approval 
At University College London (UCL) School of pharmacy (SoP), research 

department of practice and policy (RDPP) a study brief was reviewed, and the study 

was determined to be service evaluation. UCL data protection registration was 

obtained with reference number Z6364106/2017/04/04. The study protocol was 

reviewed by King Saud University Institutional Review Board (KSU IRB) and granted 

approval reference number17/0431/IRB, the approval letter is in Appendix G (page 

292). 

4.3.4 Data sources 
The sources of data on the generated CDSS medication related alerts was the 

system produced reports. The system has the capability to design and customise 

the reports as requested and the researcher was trained to access and generate 

the required medication related alert reports according to the research needs. All 

medication related alerts generated by CDSS as a result of a medication order into 

the CPOE system from June 2015 to December 2017 (including both inpatient and 
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outpatient prescribing) were eligible for inclusion into the reports. The medication 

orders were not limited from a specific specialty/type of prescriber; all medication 

alerts generated from medication orders by all staff physicians and residents were 

included. The system reports were coded for the variables needed. The reports 

could be run for any time interval specified, and monthly reports were deemed 

suitable and retrieved. Monthly reports were used because it would be easier to 

manage, locate and manipulate and report trends in contrast to longer intervals (file 

size very large) or shorter intervals (would lead to more files). Data from these 

system-generated reports were directly exported onto Microsoft® Excel 2013 for 

access and management amounting to 12 Excel files for one year. Table 4.1 below 

describes the main available details in the system generated reports.  

 
Table 4.1: The main available details in the system generated reports. 

Alert name Number of alerts 
Number of alerts 

overridden 
Percentage of alerts 

overridden 

The name of the 

alert as it is 

coded in the 

system 

How many of these 

alerts were generated 

How many of the 

generated alerts were 

overridden 

The percent of alerts 

overridden of the total 

number generated 

 

The essential variables required from the report included summarised details on the 

overridden medication related alerts, and the reasons provided for overriding alerts 

(as chosen from a pull-down menu or entering free text). Table 4.2 shows the details 

available for the overridden alerts; which included details on the medication ordered 

causing alert generation as well as details on the patient the medication was ordered 

for. Overridden alerts appeared as part of alert generation frequency in the monthly 

report. Overriding the alert entails proceeding with the medication prescription 

without changes. Then a pop-up window will appear for the physician to select from 

a pull-down menu from among ten pull-down reasons, a reason for override, it is not 

mandatory to choose a reason, the physician can proceed without selection of a 

reason or entry of free-text. The reasons as they appear from the pull-down menu 
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are in Table 4.3 as a list. Regarding the choice “Other” that is how the choice 

appears from the pull-down menu, and the physician can enter add free text in the 

next window prompt that appears. 

Table 4.2: The details available for the overridden alerts. 

Patient 
name 

Site 
Alert 
date 

Alerted 
order 

Clinical display 
line 

Override 

reason 

Free-text 
override 
reason 

The 

patient’s 

name as 

it 

appears 

in the 

electronic 

health 

record 

The site where 

the medication 

was ordered 

for the patient, 

either a clinic 

for an 

outpatient, or 

a ward in the 

inpatient 

The 

date 

and time 

of alert 

display 

The 

medication 

order 

causing 

alert 

display 

Dosage 

strength, 

dosage form, 

route of 

administration, 

frequency of 

administration, 

duration, any 

refills. 

The 

selected 

reason 

by the 

clinician 

from a 

pull-down 

menu 

Free text 

entered 

by the 

clinician 

to explain 

the 

override 

 

Table 4.3: The pull-down menu for reasons of overriding alerts 
Reasons as appearing from pull-down menu 
Physician Reviewed Drug Interaction 

Physician Approved Override 

Physician Clinical Judgement 

Physician Previously Reviewed 

Physician Addressed 

Pharmacist Clinical Judgement 

Pharmacist Reviewed Drug Interaction 

Pharmacist Reviewed Allergy 

Consulted Physician, OK Received 

Other 

 

       4.3.5 Medication-related alert generation and alert handling 
The information on which alert generation is based has elements from the vendor, 

and elements that have been revised from the local clinical pharmacists at KSUMC. 
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This is known as a commercially available system with some ‘home-grown 

elements’ (Georgiou et al., 2011). Eleven types of medication related alerts are 

available to be generated from CDSS upon ordering of medication orders. Their 

names and meanings are in Table 4.4. The prefix PHA_EKM! indicates that this 

alert is generated from the rules set by the pharmacists at KSUMC. The prefix “MUL-

MED!” indicates it is generated from the database of Cerner® Multum version 2014. 

The alert types have long names in the system and in this thesis each alert type is 

referred to by a shorter name. Table 4.4 briefly describes the meaning of the alert 

and circumstances in which the alert is generated. Further details on the significance 

of alert types and the setting from which it is generated are available in Appendix 

H (page 293). The medication related alerts are generated as part of clinical decision 

support. The alerts are produced by linking patient-specific information in the 

electronic health record (EHR) with evidence-based knowledge to generate case-

specific guidance messages through a rule- or algorithm-based software. One alert-

type is active only for one medication (vincristine), generated to alert users when 

entering orders for vincristine with a dose greater than 2 mg. Another type of alert, 

‘dose range checking’ was set up for 18 medications when the system first went live 

in May 2015; and their dose ranges were reviewed by clinical pharmacists to ensure 

the dose threshold for alert generation was modified to be in concordance with local 

practice guidelines at KKUH. In January 2017 dose range checking was set up for 

an additional 54 medications, however, their dose ranges were not reviewed by 

clinical pharmacists at KKUH. The dosage information was instead provided by 

Cerner® Multum, version 2014. In March 2017, dose range checking was set up for 

13 additional medications, and their dose ranges were reviewed by clinical 

pharmacists at KKUH. Dose range checking alerts are active for adult and paediatric 

dosage ranges and includes checking against existing hepatic or existing renal 

impairment if documented in EHR, according to available results of blood work 

laboratory values or other diagnostic test results. The medications that have had 

their recommended prescribing dose ranges checked by clinical pharmacists at 

KSUMC are in Table 4.5. By the end of December 2017, a total of 85 medications 

had dose range alerts activated.  
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Table 4.4: Meaning of each alert. 
Alert name as appears 
on system generated 
report 

Referred to in 
thesis as 

Description and generated in which 
circumstances 

MUL_MED!DRUGDUP Drug duplicate 

alert 

If the physician prescribes a medication for a patient 

that has been prescribed for the patient before or is in 

the same pharmacological or therapeutic class as a 

medication on the patient’s medication list in the EHR. 

MUL_MED!DRUGDRUG Drug interaction 

alert 

If the physician prescribes a medication that interacts 

with a medication that is on the patient’s medication 

list in the EHR  

PHA_EKM!PHA_STP_D

RC_W_HISTORY_EX 

Dose range alert The medication dose the physician has prescribed 

should be revised and checked 

MUL_MED!DRUGALLER

GY 

Drug allergy 

alert 

The alert is generated upon prescription of a 

medication to which there is a documented allergy in 

the EHR or risk of cross allergy 

MUL_MED!ALLERGYDR

UG 

New allergy drug 

alert 

The drug has already been ordered and a new allergy 

is added 

PHARM_EKM!PHARM_

EGG_ALLERGY 

Egg allergy alert Prescribed drug for this patient contains egg or egg 

protein derivative there is a documented allergy in the 

EHR or risk of cross allergy 

PHARM_EKM!PHARM_

G6PD_SYNDROME 

G6PD-

syndrome 

Prescribed drug is not suitable for the patient 

according to the condition documented in the 

electronic medical record. This condition is Glucose 6-

phosphate dehydrogenase deficiency syndrome. 

PHA_EKM!PHA_STP_IV

POSWITCH_3 

 

Switch 

medication from 

injectable form 

to oral  

Prescribed drug for this patient should be prescribed 

in the oral dosage form instead of intravenous route of 

administration 

PHA_EKM!PHA_STP_H

TWTALLERGY_3 

Documentation 

of height and 

weight  

Height and weight are missing for patient of age<12 

years 

PHA_EKM!PHA_ONC_ 

VINCRISTINE 

Vincristine alert Prevent users from entering orders for vincristine 

greater than 2 mg 

PHA_EKM!PHA_STOPO

RDER_EREG 

Stop order alert Stop the order on emergency encounter  

The prefix PHA_EKM! indicates that this alert is generated from the rules set by the pharmacists at KSUMC. 
The prefix MUL-MED! indicates it is generated from the database of Cerner® Multum version 2014.    
G6PD- Glucose-6-phosphate dehydrogenase deficiency syndrome. 



101 
 

Table 4.5: Medications activated for dose range alerts by CDSS 
Medications 
activated for dose 
range alert in May 
2015 and dose 
ranges checked 
by clinical 
pharmacist staff at 
King Saud 
University Medical 
City  

Medications activated in January 2017 and 
dose ranges not checked by clinical 
pharmacist staff at King Saud University 
Medical City  

Medications 
activated in March 
2017 and dose 
ranges checked by 
clinical pharmacist 
staff at King Saud 
University Medical 
City 

Acetaminophen 

(paracetamol) 

Amoxicillin Cloxacillin Metronidazole Abciximab 

Acyclovir Amphotericin B Dasatinib Miconazole Atenolol 

Amikacin Amphotericin B 

lipid complex 

Denosumab Pantoprazole Candesartan 

Amiodarone Amphotericin B 

liposomal 

Doxycycline Penicillin G 

benzathine 

Captopril 

Aspirin Ampicillin Epoetin alfa Penicillin G 

potassium 

Clopidogrel 

Carbamazepine Bleomycin Erythromycin Penicillin 

sodium 

Dabigatran 

Cyclosporine Caffeine Erythromycin 

ethyl succinate 

Piperacillin-

tazobactam 

Irbesartan 

Digoxin Caffeine citrate Esmolol Pregabalin Lisinopril 

Doxorubicin Capecitabine Filgrastim Rifampin Losartan 

Gentamicin Caspofungin Fingolimod Rituxumab Nadolol 

Heparin Cefazolin Foscarnet Sildenafil Pantoprazole (revised) 

Insulin regular Ceftazidime Ganciclovir Tenfovir Rivaroxaban 

Lepirudin Ceftriaxone Hydroxyurea Tigecycline Valsartan 

Metformin Cefuroxime Ibuprofen Tranexamic 

acid 

 

Phenytoin Ciprofloxacin Ifosfamide Valacyclovir 

Potassium Chloride Clarithromycin Imipenem-

cilastatin 

Valgancyclovir 

Tacrolimus Clindamycin Infliximab Valproic acid 

Warfarin Cyclophosphamide Linezolid Vancomycin 
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Three allergy alert types have their allergy alert information provided by Cerner® 

Multum version 2014. They are drug allergy alert, new allergy drug alert, and egg 

allergy alerts. The drug allergy alert and new allergy drug alert are generated upon 

prescription of a medication to which the patient has documented allergy, 

(documented allergy in the EHR). The egg allergy alert is generated if a patient has 

a documented egg allergy in the EHR and a medication is prescribed that contains 

egg protein derivative. The drug allergy alerts are of two types, one alert appearing 

if an allergy is documented in the patient’s EHR, and the other is a reverse 

chronological alert called ‘allergy drug’. It appears when the drug is prescribed, and 

then an allergy is documented afterwards.  One alert is generated for medication 

that affects patient suffering from glucose-6-dehydrogenase deficiency (G6PD) 

syndrome. There is an alert type called STP HT WT allergy. It is not however an 

allergy alert, but rather an alert that is generated depending on patient age (less 

than twelve years), and if height and weight are not documented in the EHR, this 

alert serves to indicate to physicians the dose of the medication prescribed can not 

be determined. In the thesis it is referred to as the alert type ‘documentation of height 

and weight’. Two other alert types are activated for all medications; they were drug 

duplicate alert and the drug interaction alert. In May 2016 an alert was discontinued, 

the ‘switch medication from injectable form to oral’ One alert, to stop/prevent an 

order from being repeated, became active May 2016. During medication 

prescribing, if a medication-related alert is generated it will be communicated 

through a message appearing as a box on the physician’s screen, for physician to 

read. Figure 4.2 shows a screen shot of a medication- related alert. The physician 

had the options of either cancelling the prescribed medication (cancel order), 

overriding the alert, or going back and modifying the medication prescription placed 

(modify order) as evident in Figure 4.2. The alerts appear as ‘soft-stop’, which 

means that the alert provides information to the clinician about a potential drug 

safety or efficacy problem (Grissinger, 2016). Minimal or no action or 

acknowledgement of the alert is required on part of the user to proceed. If the 

physician made the decision to cancel the prescription, or to modify the prescription, 

the alert would not have been overridden. It would appear as part of the alert 
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generation frequency in the monthly report, without any further information.  It will 

not be differentiated whether the alert action selected were to modify the order or if 

it were to cancel the order. Overridden alerts will appear as part of alert generation 

frequency in the monthly report, as mentioned in in Table 4.2 earlier. Overriding the 

alert entails proceeding with the medication prescription without changes. Then a 

pop-up window will appear for the physician to select a reason for the alert override 

from a pull-down menu from among ten pull-down reasons, the reasons shown 

earlier in Table 4.3 as a list. Regarding the choice “Other” that is how the choice 

appears from the pull-down menu, and the physician can enter free text to document 

the reason for overriding the medication related alert. 

 

 

 

 

 

 

 

 

                                       

 

 

Figure 4.2: Medication-related alert as appears on screen.            
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4.3.6 Randomisation 
Alerts were randomly assigned and sampled for assessment of appropriateness of 

override. The randomness was ensured by utilisation of random number generator 

(Urbaniak and Plous, 2013). The underlying means by which it generates random 

numbers is with the math random function within JavaScript. The randomisation 

software was utilised to allocate the ‘alerts’ of alert type, to eliminate investigator 

bias in the choice of alerts that would be ultimately assessed for appropriateness of 

alert override. The total number of each alert type from the setting (inpatient or 

outpatient) was entered in the prompt box, and the order for number required in one 

set, with the number range, and therefore the (alert) was to be found from the 

generated reports. As the reports were extracted onto Excel® according to setting 

(inpatient data was separate from outpatient data). The data was stratified arranged 

by month each month on an individual Excel® file. The data within the Excel® were 

arranged chronologically. When the randomised alert (the number determined 

according to the randomisation software) of a specific alert type was to be assessed, 

it was determined in which month it occurred.  Then the Excel® file for that month 

was filtered for alerts of that type, arranged chronologically in order of generation, 

after which the alerts counted until the randomly allocated alert (according to the 

randomisation software) found and assessed for appropriateness of display and 

appropriateness of override). Alerts generated from 1 June 2015 to December 2017 

were included in the analysis.  

4.3.7 Assessing the appropriateness of alert override 

and the appropriateness of alert display 
The random samples of overridden alerts were assessed independently by the PhD 

researcher Jamilah and Sondus Ata, who participated in this part of the research. 

Sondus is a researching clinical pharmacist practising in KKUH in the Investigational 

Drug and Research Unit. The individual judgement of Jamilah and Sondus for each 

overridden alert (the assessment of appropriateness of alert display and alert 

override) was documented then compared, and any differences discussed until 
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consensus was reached (regarding whether the alert was displayed appropriately 

or not, and whether the alert was overridden appropriately or not). If consensus 

could not be reached, discrepancies were referred to the third assessor, Tariq 

Alhawassi, who is a practicing clinical pharmacist at KKUH and the internal PhD 

supervisor for Jamilah. There were however no instances where consensus 

between Jamilah and Sondus could not be reached. Criteria to assess the 

appropriateness of the alert handling were developed through literature review of 

similar studies (Nanji et al., 2014; Zenziper Straichman et al., 2017; Wong et al., 

2018) in concordance with each alert domain. The criteria were modified iteratively 

by the research group as necessary until finalised. Two of the reasons for 

determining the appropriateness of override of the three types, drug allergy, drug 

interaction, and drug duplicate alert were of criteria previously used (Nanji et al., 

2014) and included as part of the developed criteria. The information needed for the 

judgement of how the alert was handled was in the EHR of the patient. Some of the 

information was structured, for example the laboratory test results (blood or serum 

electrolyte levels) as well as any other pertinent data (for example results of chest 

x-ray or urinalysis). The patient’s medical history is documented in unstructured 

format, which physicians or other healthcare providers with privileges to amend the 

EHR can enter patient history and enter what is known as physician notes. These 

were accessed and read to determine and assess if the alert override was 

appropriate or not appropriate. For each randomised alert, the alert information, the 

chosen reason by the physicians (from the pull-down menu) and the free text 

documented as comments (if any) to justify the override were examined 

independently by the two reviewers. The patient’s EHR was accessed for patient 

related information. In cases where the EHR could not be accessed, the alert could 

not be assessed for appropriateness of display or override. The general information 

looked up for each medication-related alert was the date the medication was 

prescribed, and the patient’s past medication history. The patient’s laboratory tests’ 

results were also accessed, dating back as was necessary to have baseline values 

in addition to past medical tests and vaccination history. Documentation of allergies 

(allergies to medications, or to food, or to elements from the environment such as 
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dust or pollen) on the EHR were checked when pertinent. Glucose 6-dehydrogenase 

deficiency is also documented in the EHR. The LexiComp ® (2018, 2019) software 

database was accessed for information regarding drug interactions, therapeutic 

equivalents, and pharmacologic class member information and to cross analyse the 

documented allergies to medication, food, or environment with the medication 

ordered that generated the alert. The date/time each medication on the medication 

list was ordered or administered or dispensed was especially important because 

types of medication-related alerts would be generated in relation to a medication 

that was not on the current medication list but on the past medication list. 

Specific for the alerts displayed from the outpatient setting, the amount of 

medication dispensed was checked in addition to other medications ordered in the 

same clinic visit, as well as previous medication refill date. Specific information 

sought for the alerts generated from the inpatient department was the date of patient 

admission, the hospital ward admitted in, and the time the medication was ordered. 

The physician notes documented in the EHR were also read for any instructions to 

discontinue a medication or increase or decrease a dose or other adjustments in 

the patient’s medication regimen. It must be noted that medication orders for 

patients in the inpatient wards have a start date and end date, are valid for one to 

two days, and the start time will be set by the system. The physician can manipulate 

the start time, (the administration time) and this is especially relevant for antibiotics 

for example or medications needed instantly or emergency status. During 

assessment the PhD researcher Jamilah and Sondus would compare information 

on the EHR and in the physicians’ progress notes with the active medication list (in 

pharmacy records) to determine which medications the patient had 

refilled/dispensed, and which were discontinued. Figure 4.3 displays the steps in 

the general process of seeking patient related information from the electronic health 

record and pharmacy records during assessment of appropriateness of alert 

override and alert display. Further information on the criteria developed and the 

parameters assessed for each alert type to determine to the appropriateness of alert 

handling and to determine appropriateness of alert display can be found in table of 

Appendix I (page 297) and the figures in Appendix J (page 315). 
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Figure 4.3: General process of seeking patient related information from the electronic health record and 
pharmacy records during assessment of appropriateness of alert display and alert override. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.8 Piloting 
A pilot study was conducted using 100 alerts. There are two purposes for the pilot 

study. The first purpose was to calculate the confidence interval of the sample size 

of alerts to be included in the study analysis (Altman, 2005). The second purpose 

was to calculate inter-rater agreement (Viera and Garrett, 2005) on the alerts’ 

assessment of appropriateness of override and the appropriateness of alert display. 

One hundred alerts randomly allocated to be assessed, five from each alert type 

The overridden medication related alert 

(randomised for assessment) and the available 

alert information as in Table 4.2. 

Access the patient’s electronic health record and 

read the progress notes, as well as documentation 

of any allergies. 

Search for the medication prescription that caused 

the alert to be generated and the progress notes 

according to date of alert. 

Determine the active medication list from pharmacy 

records that the patient was taking for that specified 

time 

Information sought from EHR 

specific for alert from outpatient 
department 

Information sought from 

EHR specific for alert from 
inpatient department 

The amount of medication dispensed and 

the previous refill date (if applicable). 

The date the patient was admitted, which hospital 

ward, the time the medication was ordered, and 

the duration. 
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from inpatient setting except for drug duplicate, seven, therefore total 57 alerts from 

inpatient). The other 43 alerts were from the outpatient setting; seven alerts from 

the alert type drug duplicate, G6PD syndrome one alert, and there was no vincristine 

alert or stop order alerts assessed as part of this pilot, due to the fact that vincristine 

is not prescribed from the outpatient setting, and the stop order alert was not 

generated in the outpatient setting. Out of the 100 randomly allocated alerts 92 were 

assessed. The remaining eight could not be assessed for the following reasons: The 

EHR could not be accessed for four alerts (two stop-order alerts; one drug duplicate 

alert, one injectable to oral switch alert).  There was not enough information in the 

EHR to determine the alert appropriateness for the other four alerts (two drug 

duplicate alerts, two of the type dose check according to height and weight). From 

the remaining 92 alerts, 26 were assessed by the researcher and two clinical 

pharmacists independently, then discussed. A random sample of 26 alerts (around 

30.0%) that were assessed by all three assessors were selected and the inter-rater 

reliability statistics was calculated for them. 

4.3.9 Statistical analysis 
Microsoft® Excel software (version 2016) was used to analyse the data of this study. 

Categorical data is reported as frequencies (n) and percentages (%). Inter-rater 

reliability statistics was estimated by a) counting the number of ratings in agreement 

between the two assessors, b) counting the total number of ratings, then c) dividing 

the total by the number in agreement to get a fraction. Chi-squared test was used 

to assess the difference in the rates of alert overridden between 2015 and 2017. 

The P-value of less than 0.05 was considered as statistically significant. 

4.4 Results 

4.4.1 Results of pilot study 
Between the first two assessors, regarding the judgment of alert display 

appropriateness the inter-rater reliability statistics was calculated to be 0.62, 

interpreted as substantial agreement (Viera and Garrett, 2005). Regarding the 
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judgment of appropriateness of alert override, the inter-rater reliability statistics was 

calculated to be 0.71, interpreted as substantial agreement (Viera and Garrett, 

2005). The inter-rater reliability statistics was calculated between the first and third 

assessors, and regarding the judgment of alert display appropriateness was 

calculated to be 0.75, interpreted as substantial agreement. Regarding the judgment 

of appropriateness of alert override, the inter-rater reliability statistics was calculated 

to be 0.78, interpreted as substantial agreement. For the pilot and main study, the 

overridden alerts were assessed individually by two clinical pharmacists, and any 

discrepancies between them were referred to a third assessor if necessary.  

Sixty-eight of 92 pilot alerts (74.0%) were assessed as being displayed 

appropriately, while 24 out of 92 alerts (26.0%) the alert was judged to be displayed 

inappropriately. Regarding alert override, 54 of 92 alerts (59.0%) were judged to be 

appropriately overridden, while for 38 of 92 alerts (42.0%), the override of alert was 

not appropriate.  

4.4.2 Sample for assessment of alert overrides and 

alert display 
The 95% confidence interval (CI) was calculated using the recommended method 

and the traditional method (Altman et al., 2000). Integral to this calculation was that 

from the 100 pilot alerts assessed, 54 alerts were assessed to have been overridden 

appropriately. Thus, the standard error of the mean was calculated, based on 

assuming if the sample size to be assessed was 300 alerts (150 from inpatient 

setting and 150 alerts from outpatient setting) and the 95% CI calculated to be 0.53 

to 0.64. A sample of 300 alerts (153 alerts from inpatient setting, 154 alerts from the 

outpatient setting) was randomised using the same technique outlined for the pilot 

in section 4.3.8 of this chapter.  This sample size was manageable in the time frame 

for the PhD study. The 95% CI was calculated for sample size of 400 alerts was 

calculated to be 0.53 to 0.63 which was almost to the 95% CI calculated for 300 

alerts. The 300 alerts were to be assessed from the whole population of alerts and 

the pilot conducted found that 59.0% of alerts were judged to be overridden 
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appropriately. Thus, there is 95.0% CI that the actual proportion of appropriately 

overridden alerts was between 0.53 and 0.64 in any sample of this population of 

alerts. More details about sample size calculation is available in Appendix N (page 

341).  

4.4.3 Study results 

4.4.3.1 Characterisation of alert generation and override 
During the study period between June 2015 and December 2017, a total of 

5,114,310 medications were ordered and led to generation of 4,446,730 alerts, of 

which, 95.2% were overridden (n = 4,231,743). As a breakdown of outpatient and 

inpatient setting, from the outpatient department; 4,251,481 medications were 

ordered, 1,652,434 alerts were generated (38 alerts per 100 medications ordered). 

Ninety-eight percent of all outpatient alerts were overridden (n = 1,616,437). From 

the inpatient department, 862,829 medications were ordered, and 2,794,296 

medication-related alerts were generated (323 alerts per 100 medications), of which 

approximately 93.6% (n = 2,615,306) were overridden. Figure 4.3 shows the 

percentage of alerts generated and overridden per alert type during the study period 

stratified by year.  

 

 

 

 

 

 

 

 

 

 



111 
 

Figure 4.4: The percentage of alerts overridden per alert type during  study period. 

G6PD deficiency- Glucose 6 Phosphate dehydrogenase deficiency 

The rates of alert overriding significantly differed across the years of the study 

among all alert types (P<0.000), except for the alert type “vincristine” (P= 0.333). In 

the inpatient setting, approximately for every medication ordered three medication-

related alerts were generated. Vincristine alerts and stop order alerts are generated 

exclusively in the inpatient department, (vincristine is not prescribed in the outpatient 

department according to KSUMC policies).  For the outpatient setting, about every 

third medication order caused an alert to be generated. Of total 4,446,730 alerts 

generated during the study period from both settings, 79.8% (n = 3,362,733) were 

of the type ‘drug duplication’, the alert type generated most frequently, followed by 

the alert type ‘dose range’ 11.1% (n = 491,830) and alert type ‘drug interaction’ 7.2% 

(n = 318,809). Drug allergy made up 1.0% of alerts (n = 12,187). Table 4.6 shows 

the details on the number and percentage of alerts generated and overridden per 

alert type in both inpatient and outpatient setting during the study period. 
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Medications triggering the most dose range checking alerts were potassium 

chloride, insulin, heparin, warfarin and pantoprazole. From both inpatient and 

outpatient settings, the most generated alert is the type drug duplicate. Around 

77.6% of all inpatient alerts (n = 2,170,376) were of the drug duplicate type, and 

more than 83.4% of all outpatient alerts (n =1,379,360) were of the drug duplicate 

type. Of these, 92.7% and 97.9% were overridden, respectively. Drug allergy alerts 

made up less than 1.0% of all generated alerts from inpatient and outpatient 

department respectively; of those generated almost 91.3% were overridden (n = 

11,122). Around sixty-four percent (n = 145) of egg allergy alerts were overridden in 

the inpatient and outpatient settings, mostly for vaccines in the paediatric population 

and emulsions as part of parenteral nutrition. 
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Table 4.6: The number and percentage of alerts generated and overridden per alert type during 
the study period. 

Alert type 
Generated 

 
Overridden 

Number Percentage Number Percentage 

Switch medication from 

injectable form to oral  
23,345 0.5% 22,839 97.8 

Dose range  491,830 11.1% 480,898 97.8 

Drug interaction  318,809 7.2% 310,096 97.3 

Drug duplicate 3,549,736 79.8% 3,362,733 94.7 

Vincristine 17 0.0% 16 94.1 

Drug allergy 12,187 0.3% 11,122 91.3 

Documentation of height 

and weight  
47,927 1.1% 43,089 89.9 

G6PD-syndrome 82 0.00018% 66 80.5 

Egg allergy  226 0.005% 145 64.2 

New allergy drug  1,455 0.033% 718 49.3 

Stop order 1,116 0.0251% 21 1.9 

Total 4,446,730 100% 4,231,743 95.2 

For further details on type of alerts generated and overridden from the inpatient 

and outpatient settings, refer to Table 4.7 and Table 4.8, respectively. Appendix 

P (page 348) shows the percentage of alerts overridden stratified by alert type and 

month of year. 
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Table 4.7: Alerts generated and overridden from inpatient setting. 

Alert type 

Alerts 
generated 

Alerts overridden 

Number of 

alerts 

Number 

of alerts 
(%) of this type  

Dose range  283,000 276,921 97.9 

Switch medication from injectable form to oral 23,268 22,654 97.4 

Drug interaction  258,813 251,722 97.3 

Vincristine 17 16 94.1 

Duplicate drug 2,170,376 2,011,958 92.7 

Drug allergy 9,228 8,473 91.8 

Documentation of height and weight 47,377 42,813 90.4 

G6PD-syndrome 80 65 81.3 

Egg Allergy 78 57 73.1 

New allergy drug 943 606 64.2 

Stop order 1116 21 1.88 

Total 2,794,296 2,615,306 93.6 

 
 
 

Of 283,000 ‘dose range alerts displayed’, 276,921 were overridden (97.9%) and this 

was the alert type with the highest percentage of overrides. It must be noted that 16 

out of 17 (94.1%) generated vincristine alerts were overridden, (94.1%).  

 
 
 
 
 
 
 
 
 
 



115 
 

 
Table 4.8: Alerts generated and overridden from outpatient setting. 

Alert type 

Alerts 
generated 

Alerts overridden 

Number of 

alerts 

Number 

of alerts 

(%) of this 

type 

Duplicate drug 1,379,360 

 

1,350,775 

 

97.9 

Dose range  208,830 

 

203,977 

 

97.6 

Drug interaction  59,996 

 

58,374 

 

97.3 

Drug allergy 2,959 2,649 89.5 

Documentation of height and weight 610 

 

454 

 

74.4 

Egg Allergy 148 88 59.5 

G6PD-syndrome 2 1 50.0 

Switch medication from injectable dosage form to 

oral 

17 7 41.2 

New allergy drug 512 112 21.9 

Stop order 0 0 0.0 

Vincristine 0 0 0.0 

Total 1,652,434 

 

1,616,437 

 

97.8 
            G6PD-syndrome: Glucose 6 Phosphate dehydrogenase deficiency syndrome 

4.4.3.2 Documented reasons for overriding alerts 
As described in section 4.3.5, documentation of override reason could be carried 

out by choosing from ten reasons that appear from a pull-down menu, another 

available method to document reason for override was entering free text when 

prompted. Free text was entered for less than 1.0% of overrides (n = 13,454 alerts; 

total approximately 0.3% of overridden alerts). There was poor documentation by 

the physicians in recording the reasons justifying overriding of alerts often ‘clinical 

judgement’ or ‘physician reviewed drug interaction’ was chosen from the pull-down 

menu. Table 4.9 shows the number of times each reason was selected from the 

drop-down menu from the outpatient and the inpatient settings. 
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Table 4.9: Reasons selected upon overriding alert from pull-down menu. 

Reasons as appearing 
from drop down menu 

Inpatient 
 

Outpatient 
 

Total 
 

Percentage 
reason was 

selected 

Physician Approved 

Override 

1,582,143 253,011 1,835,154 43.4% 

No Overridden Reason 

Selected 

511,580 1,082,733 1,594,313 37.7% 

Physician Reviewed 

Drug Interaction 

262,453 

 

67,153 329,606 7.8% 

Physician Clinical 

Judgement 

123,413 107,764 231,177 5.5% 

Physician Addressed 87,454 38,334 125,788 3.0% 

Physician Previously 

Reviewed 

10,631 22,097 32,648 0.8% 

Other 19,898 12,243 32,141 0.8% 

Pharmacist Clinical 

Judgement 

2,495 16,582 19,077 0.5% 

Consulted Physician, 

OK Received 

7,450 6,939 14,389 0.3% 

Pharmacist Reviewed 

Allergy 

1,264 707 1,928 0.1% 

Pharmacist Reviewed 

Drug Interaction 

1,286 775 

 

2,061 0.0% 

 

Despite that there are ten choices available from the pull-down menu, no reason 

was selected for approximately 37.7% of overridden alerts (n = 1,594,313). The 

most selected reason from the pull-down menu was ‘physician approved override’ 

43.4% (n = 1,835,154) followed by physician reviewed drug interaction 7.8% (n = 

329,606). The area of expertise of the physician was not included in the analysis. 
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4.4.3.3 Assessment of alert display and override 
appropriateness 
The assessment of the appropriateness of alert display and overridden was 

examined using alerts selected randomly (with the randomisation software as 

mentioned in section 4.3.7) from inpatient (n = 154) and outpatient (n = 153) 

settings. Some examples of assessed alerts are in Table 4.10 (inpatient setting) 

and Table 4.11 (outpatient setting). The alerts were assessed independently by the 

PhD researcher Jamilah and Sondus Ata, who participated in this part of the 

research. Sondus is a researching clinical pharmacist practising in KKUH in the 

Investigational Drug and Research Unit. The individual judgment of Jamilah and 

Sondus were then compared, and any differences discussed until consensus was 

reached. The percentage and total number of alerts overridden appropriately for 

each alert type in the inpatient and outpatient settings is in Table 4.12, while the 

percentage and number  of alerts overridden appropriately for each alert  type in the 

inpatient setting is in Table 4.13 and the percentage and number  of alerts 

overridden appropiately for each alert  type in the outpatient setting is in Table 4.14.
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Table 4.10: Example of assessed alerts for appropriateness from inpatient setting. 
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Drug 

Duplicate 
alert 

18/09/2016 

 

M 

1979 

Erythropoetin Alpha 

4000units/0.4mL Preloaded 

syringe 4,000 unit(s), 

intravenous injection, once. 

Physician 

Approved 

Override 

No 

Overridden 

Reason 

Entered 

Appropriate Appropriate 

Dose range 
alert 

15/12/2015 
M 

2012 

Paracetamol 120mg/5mL syrup. 

200 mg, orally every 6 hours, 

as needed for fever. 
First Dose: 15/12/2015 

Physician 

Reviewed 

Drug 
Interaction 

No 

Overridden 

Reason 
Entered 

Appropriate Appropriate 

 

Drug allergy 
alert 

20/07/2016 

 

F 

1942 

Amoxicillin-clavulanate 1gm, 

Oral tablet, orally every 12 

hours for 14 days. (28 tablets). 

No Refills. 

No 

Overridden 

Reason 

Selected 

No 

Overridden 

Reason 

Entered 

Appropriate 
Not 

appropriate 

 

G6PD-
syndrome 

alert 

25/05/2016 

 

M 

2014 

Dapsone 50 mg, oral. 

Once a week, for 30 days. 

No refills 

Physician 

Approved 

Override 

No 

Overridden 

Reason 

Entered 

Appropriate Appropriate 

 
Vincristine 

alert 
04/09/2017 

F 

1942 

Vincristine 2.3 mg = 2.3 vials, 
intravenous. One Injection. 

For chemotherapy. 

First Dose: 04/09/2017 

Physician 

Clinical 

Judgement 

No 
Overridden 

Reason 

Entered 

Appropriate 
Not 

appropriate 

G6PD-syndrome: Glucose 6 Phosphate dehydrogenase deficiency syndrome 



119 
 

 
 
Table 4.11: Example of assessed alerts for appropriateness from outpatient setting. 
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Drug allergy 
alert 19/03/2017 

M 

1951 

Ibuprofen 400 mg 
Oral tablet, once daily. 

As needed for pain. 

For 10 days, no refills. 

No Overridden 
Reason 
Selected 

No 
Overridden 

Reason 
Entered 

Appropriate Not 
appropriate 

New allergy 
drug alert 26/4/2017 

F 

1975 

Amoxicillin-clavulanate 

one gram oral tablets 

every 12 hour, for seven 

days. 14 tablets, no refills. 

No Overridden 
Reason 
Selected 

No 
Overridden 

Reason 
Entered 

Appropriate Not 
appropriate 

Documentation 
of height and 
weight alert 

31/07/2017 
M 

2006 

Acyclovir topical 

1 application. Right eye, 
five times a day, X 14 

days, no refills. 

No Overridden 
Reason 

Selected 

No 

Overridden 
Reason 

Entered 

Appropriate Appropriate 

Egg allergy alert 
 

06/12/2015 

 

F 

2014 

 

Influenza virus vaccine, 

inactivated.  0.25 mL 

intramuscular injection, 

once. First Dose: 

06/12/2015 

Physician 

Reviewed drug 

interaction 

No 
Overridden 

Reason 
Entered 

Appropriate Appropriate 

Drug interaction 
alert 14/12/2017 F 

1978 

Budesonide-formoterol 
Two puffs, inhalation two 
times a day for 180 days. 

No refills. 

Physician 
approved 
override 

No 
Overridden 

Reason 
Entered 

Appropriate Not 
Appropriate 
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Table 4.12: The percentage and number of alerts overridden appropriately for each alert type in the 
inpatient and outpatient settings. 

Alert type 

Alerts 
assessed 
from the 

outpatient 
settings 

Alerts 
generated 
from the 
inpatient 
settings 

Total 
number 
of alerts 

assessed 

Total 
number of 

alerts 
considered 
appropriate 

Percentage 
of alerts 

overridden 
appropriately 

Switch medication from 

injectable form to oral  
2 16 18 18 100 

Egg allergy  22 18 40 38 95.0 

G6PD-syndrome 0 16 16 15 93.8 

Dose range  22 14 36 32 88.9 

Drug duplicate 21 16 37 32 86.5 

Documentation of height 

and weight  
22 16 38 32 84.2 

Drug interaction  22 15 37 31 83.9 

Vincristine 0 11 11 7 63.6 

Drug allergy 21 16 37 23 62.2 

New drug allergy 21 16 37 16 43.2 

Total 153 154 307 244 79.5 

          G6PD-syndrome: Glucose 6 Phosphate dehydrogenase deficiency syndrome. 

4.4.3.4 Appropriateness of alerts overridden 

A total of 154 overridden alerts were checked for appropriateness in the inpatient 

setting. The median age of the patients who have these documented alerts was 33.3 

years and the interquartile range (IQR) equaled 6.8 – 58.0. Around 53.9% (n = 83) 

of the sampled alerts were for medications prescribed for females. There were ten 

types of alert documented in the medical records of these patients within 52 different 

nursing units. Alerts were documented in different ward departments such as 

medicine, surgery, ICU, critical care unit (CCU), cardiology, paediatric, psychiatry, 
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and renal dialysis unit. Appendix R1 and R2 (pages 361 to 364) contain the 

symbols of the names’ inpatient wards and the outpatient clinics and their meaning. 

Prescribed vincristine dose ranged between 0.4 mg to 2.6 mg. All assessed alerts 

from the following types were judged to be overridden appropriately:  

• Egg allergy. 

• Switching medication from injectable form to oral. 

• Drug interaction.  

More than half of assessed drug allergy alerts from inpatient department (56.3%) 

and about two thirds (66.7%) of assessed drug allergy alerts from the outpatient 

department were assessed as overridden appropriately. The assessed alerts from 

the reverse chronological allergy alert type had the lowest percentage of override 

appropriateness. Further details about type and percentage of alerts overridden 

appropriately in the inpatient setting are given in Table 4.13. 

 
Table 4.13: The percentage and number of alerts overridden appropriately for each alert type in the 
inpatient setting. 

 

Number of 
overridden 

alerts 
assessed 

Number of 
alerts 

assessed to 
be 

overridden 
appropriately 

Percentage 
of alerts 

overridden 
appropriately 

Egg allergy 18 18 100 

Switch medication from injectable form to oral  16 16 100 

Drug interaction  15 15 100 

G6PD-syndrome 16 15 93.8 

Drug duplicate 16 14 87.5 

Documentation of height and weight  16 13 81.3 

Dose range  14 10 71.4 

Vincristine 11 7 63.6 

Drug allergy 16 9 56.3 

New allergy drug  16 7 43.8 

G6PD-syndrome: Glucose 6 Phosphate dehydrogenase deficiency syndrome. 
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A total of 153 overridden alerts from the outpatient department were assessed for 

appropriateness. The median age of the patients who have these documented alerts 

was 35.5 years (IQR= 27.5 – 55.3). Around 46.4% (n = 71) of the sample were 

females. There were 8 types of alerts that were assessed and were prescribed 

within 34 outpatient clinics. All assessed alerts of the type ‘dose range’ were judged 

to be overridden appropriately. The assessed alerts from the ‘new drug allergy’ alert 

type had the lowest percentage of override appropriateness. For further details 

about type of alerts overridden appropriately in the outpatient setting, refer to Table 

4.14. 

Table 4.14: The percentage and number of alerts overridden appropriately for each alert type in the 
outpatient setting. 

 

Alert type 

Number of 
overridden 

alerts 
assessed 

Number of alerts 
assessed as 
appropriately 

overridden 

Percentage of 
alerts 

overridden 
appropriately 

Dose range  22 22 100.0 

Switch medication from injectable 
form to oral 2 2 100.0 

Egg allergy  22 20 90.9 

Documentation of height and weight   22 19 86.4 

Drug duplicate 21 18 85.7 

Drug interaction  22 16 72.7 

 Drug allergy 21 14 66.7 

New allergy drug  21 9 42.9 

Total 153 120 78.4% 

G6PD-syndrome: Glucose 6 Phosphate dehydrogenase deficiency syndrome 

4.4.3.5 Appropriateness of alert display 
Display of alerts was assessed according to criteria in Appendix I (page 29) and 

appendix J (page 314). Around 79.0% (n = 244) of alerts were assessed to be 
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displayed appropriately. The alert types assessed as appropriately displayed 100.0 

% of the time from both settings of the time were egg allergy alerts and alerts for the 

physician that the patient has G6PD deficiency, and that another alternative 

medication should be prescribed. Of the 37 drug duplicate alerts assessed, 75.7% 

were assessed to be displayed appropriately. Less than half the vincristine alerts 

were assessed to be displayed appropriately. Dose range alerts were displayed 

appropriately 91.7% of the time, while the alert to physicians to check dose for 

patients age less than 12 years of age because of missing height and/or weight was 

displayed appropriately 50.0% of the time. Further details on percentage and 

number of alerts assessed to be displayed appropriately for each alert type in the 

inpatient and outpatient setting, refer to Table 4.15.  

Table 4.15: The percentage and number of alerts assessed to be displayed appropriately for each 
alert type in the inpatient and outpatient setting. 

Alert type 

Number of 
alerts 

(outpatient 
settings) 

Number 
of alerts 

(inpatient 
settings) 

Total 
number 

of 
alerts 

Number of 
alerts 

displayed 
appropriately 

Percentage 
of alerts 

appropriately 
displayed 

Egg allergy 22 18 40 40 100.0 
G6PD-syndrome 0 16 16 16 100.0 
Drug interaction 22 15 37 35 94.6 
Drug allergy 21 16 37 32 86.5 
New drug allergy 21 16 37 32 86.5 
Drug duplicate 21 16 37 28 75.7 

Documentation of height and 
weight 22 16 38 25 65.7 

Dose range 22 14 36 22 61.1 

Switch medication from 
injectable form to oral 2 16 18 11 61.1 

Vincristine 0 11 11 5 45.5 

Total 153 154 307 246 80.1 

G6PD-syndrome Glucose 6 Phosphate dehydrogenase deficiency 

All assessed alerts in the inpatient setting from the following types were judged to 

be displayed appropriately:  
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• Egg allergy. 

• G6PD-syndrome. 

• New allergy drug.  

The assessed alerts from the alert type ’switch medication from injectable dosage 

form to oral’ had the lowest percentage of display appropriateness. For further 

details about type and percentage of alerts displayed appropriately in the inpatient 

setting, refer to Table 4.16. 

Table 4.16: The percentage and number of alerts assessed to be displayed appropriately for each 
alert type in the inpatient department. 

 

Alert type 
Number 
assessed 

Assessed as 
appropriately 
displayed 

Percentage 
of alerts 
appropriately 
displayed 

Egg allergy 18 18 100.0 

G6PD-syndrome 16 16 100.0 

New allergy drug 16 16 100.0 

Drug allergy 16 15 93.8 

Drug interaction 15 13 86.7 

Dose range 14 11 78.6 

Drug duplicate 16 12 75.0 

Documentation of height and weight 16 9 56.3 

Vincristine 11 5 45.5 

Switch medication from injectable form to 

oral 
16 7 43.8 

Total 154 122 79.2 
 

In the outpatient setting, all assessed alerts from the following types were judged to 

be displayed appropriately:  

• Dose range. 

• Egg allergy.  
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• Switch medication from injectable dosage form to oral. 

 The assessed alerts from the alert type ’new allergy drug’ had the lowest 

percentage of display appropriateness. Further details are available in Table 4.17. 

Table 4.17: The percentage and number of alerts assessed to be displayed appropriately for each 
alert type in the outpatient setting. 

Alert type 
Number of 
alerts assessed 

Number of 
alerts 
assessed as 
appropriately 
displayed 

Percentage 
of alerts 
appropriately 
displayed 

Dose range  22 22 100.0 

Egg allergy  22 22 100.0 

Switch medication from injectable form to 
oral 2 2 100.0 

Documentation of height and weight  22 17 81.0 

Drug interaction  22 16 76.2 

New allergy 21 16 76.2 

Drug duplicate 21 16 72.7 

New allergy drug  21 11 50.0 

Total 153 122 79.7 

 

4.4.3.6 Reasons for overrides entered as free text from 
The reasons for overriding alerts entered (by physicians) as free text were analysed 

by the PhD researcher. As mentioned in table 4.9, no reason was selected for 

approximately 37.7% of overridden alerts (n = 1,594,313). The reasons were 

entered as free text for 0.003% (n = 13,534) of the overridden alerts of which n = 

9,158 was non-sensical characters. The remaining (n- figure out) reasons were 

thoroughly analysed and described into categories. The categories were developed 

by repeatedly reading through and becoming familiar with clinicians’ documented 

free text reasons to justify their choice to override medication related alerts in the 

specified period. Next, similar descriptive alert studies with previously developed 
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categories of free text entries were considered (Seidling et al., 2010, 2014; 

Dekarske et al., 2015; Zenziper Straichman et al., 2017)  in addition to iterative 

discussion with researcher Sondus Ata and the PhD supervisors Bryony Dean 

Franklin and Jane Portlock.   In Table 4.18 the categories and frequency of entry (in 

inpatient, outpatient and total) are mentioned. During analysis it was not possible to 

identify the physician overriding the alert and entering the free text. The categories 

were broadly either special instructions or patient centered factors to justify 

overriding the medication related alert display. Non-sensical character entry was the 

most common entry of free text in both inpatient and outpatient setting. There were 

no entries from the outpatient setting justifying the override for reasons 3D or 6B, 

concerning controlled clinical trial or preparation for procedure (this could be 

diagnostic procedure or surgical). Appendix O (page 344) contains examples of 

free text entries of reasons for overriding alerts. 
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   Table 4.18: Frequencies of categorised of free text entered (as reasons of overriding alerts). 

 
Categorised free text entered to as 
reason to override alert 

Frequency in 
inpatient 

Frequency in 
outpatient 

 
Total  

1 No Overridden Reason Entered 2,610,052 1,608,157 4,218,209 

2 Non-sensical characters 3,357 5,801 9,158 

3 

 
 

 

Special Instructions  

3A 

 

As instructed by physician or 

consulted with other HCP 
399 158 577 

3B 

 

As per protocol or policy 125 3 128 
3C 

 
Order modification; justification of 
ordering special instructions 

47 33 80 

3D Controlled clinical trial 4 0 4 

4 Indication 284 1,170 1,454 

5 
Laboratory investigations OR Clinical 

findings 
70 14 

84 

6 

Patient centred factors  

6A Patient special circumstances 36 30 66 

6B Patient for procedure or pre-

operation 
64 0 64 

6C Patient post- procedure or 
operation 

10 1 11 

7 Aware of drug interaction or drug allergy 24 5 29 

8 
 Medication unavailable in hospital, or  in 

a certain dosage form 
10 11 21 

9 
Correction (dose or route or frequency or 

dosage form) of previously placed order 
64 44 108 

10 Incomplete information 500 780 1,280 

11 
This new order is duplicate of an older no 
longer valid order 

104 137 241 

12 Error in alert display 22 1 23 

13 

Continuation of previously approved 

dose or combination that the patient has 
been taking at home or during this 

admission or previous admissions 

128 34 162 

14 Other 6 58 64 
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4.5 Discussion 

4.5.1 Interpretation of findings 
This is the first study on medication-related alert generation and handling in 

KSUMC, in Riyadh, Saudi Arabia. The study results report numbers and rates of all 

alert generation and override of all alert types during the specified period. Between 

2015 and 2017 a total of 4,446,730 medication-related alerts were generated, of 

which about 63.0% (n = 2,794,296) were in the inpatient department. The 

percentage of alerts differed across alert types and was not consistent across time, 

nor were rates the same for an alert type from inpatient and outpatient settings. Of 

the total 4,446,730 alerts generated, 3,549,736 (79.8%) were of the drug duplicate 

type, therefore this was the most generated alert type. The generation of this alert 

is dependent on factors mentioned in Appendix H (page 293) and had almost 

95.0% override rate. The assessment of alert display and override appropriateness 

has shown that there are differences in percentages across alert types. The dose 

range alerts were active for 85 medications; of these 31 medications had the dose 

ranges for alert notification and generation revised and edited by clinical pharmacist 

staff at KKUH, while 54 medications had their dose ranges for alert notification and 

generation as per Multum® without edits by KKUH clinical pharmacist staff. During 

assessment of alert override appropriateness 36 alerts of the dose range type were 

assessed of which 91.7% (n = 33) were assessed to be displayed appropriately and 

approximately 89.0% (n = 32) were assessed to be overridden appropriately. While 

these are high percentages, there should be further analysis on the alerts assessed 

to be inappropriately displayed, and deduction of reasons why the dose ranges were 

not deemed appropriate to display as an alert. Of 37 ‘drug duplicate alerts’ assessed 

for appropriateness, 75.6% were assessed as displayed appropriately (n = 28) and 

86.5% assessed as overridden appropriately approximately (n = 32). Therefore, of 

the millions of alerts the small sample size assessed cannot be extrapolated 

accurately, but for the purposes of this study it can be said that the majority of ‘drug 

duplicate alerts’ are overridden appropriately, and their display could be a cause of 

alert fatigue for the physicians. The assessed alerts from the ‘new drug allergy alert’ 
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had the lowest percentage of override appropriateness from the inpatient as well as 

the outpatient settings. It was assessed to be appropriately displayed according to 

the system rules 100% of the time from the inpatient department and only 50.0% of 

the time from the outpatient department. The relevance and clinical usefulness of 

this alert should be explored further in future research. The drug allergy alert was 

assessed to be displayed appropriately 83.0% of the time, 93.0% and 76.0% from 

the inpatient and outpatient departments, respectively. This alert type was assessed 

as overridden appropriately 62.0% of the time meaning that approximately 38.0% of 

these allergy alerts the clinician overrode an alert potentially exposing patients to 

adverse events. The drug alert type switch medication from injectable form to oral 

dosage form ceased to be generated after May 2016. It has since then been the 

responsibilities of clinical pharmacists to recommend this switch to physicians when 

prescribing medications in the inpatient department, as part of their ward round 

responsibilities. Other studies have shown that current CDSS have several 

weaknesses. Some of the identified weaknesses were the questionable clinical 

relevance and low specificity of presented alerts which resulted in low acceptance 

by users (van der Sijs et al, 2006). The specificity of drug duplicates in this system 

could be improved, to prevent the generation of these millions of alerts by fine tuning 

the system and the limits at which they are generated. When comparing the CDSS 

medication related alerts handling rates at KSUMC with rates reported from 

institutions in other countries, similarities and differences were observed.  When 

compared to figures from an acute care tertiary care paediatric hospital in the UK, 

13 alerts were generated per 100 medication orders resulting in 3,119 alerts being 

visible to the user, 89% (n = 3,507) were overridden, and drug allergy conflict alerts 

were the most accepted, and exact drug duplication alerts the least. In this study 

data were collected from inpatient, outpatient and discharge prescriptions (Jani et 

al., 2011). The 95.2% override rate reported from KSUMC was higher than that 

reported from the institution in the UK. This study now shows that in KSUMC per 

100 medications ordered from the inpatient there was 38 medication-related alerts 

generated, and per 100 medications ordered in outpatient there was 323 

medication-related alerts generated. The drug allergy alert types were the most 
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accepted, and the drug duplicate alerts overridden the most in KSUMC, similar to 

the most overridden alert types reported from the UK study (Jani et al., 2011). A 

study conducted in the USA reported that of 157,483 medication related alerts 

generated in the outpatient setting, 52.6% (n = 82,889) outpatient medication related 

alert to be overridden (Nanji et al., 2014). The alert override rate from KSUMC was 

much higher than described in the USA study. The authors also assessed a 

subsample of overridden alerts for appropriateness of override; it was reported that 

92% of drug allergy type  and 12.0% of drug interaction type alerts were 

appropriately overridden (Nanji et al., 2014). In comparison, lower rates of 

appropriate drug allergy alert overrides in KSUMC were reported (as shown in 

section 4.4.2.4, 56.3% of drug allergy alerts were overridden appropriately from 

inpatient and 66.7% of alerts were overridden appropriately from outpatient).  

Another USA study conducted in the inpatient setting of 793-bed tertiary care 

teaching hospital (Nanji et al., 2018) reported that almost three quarters of assessed 

alerts in their sample were overridden, and about 40.0% of these overrides were not 

appropriate. In their 2017 study in Israel, (Zenziper Straichman et al., 2017) report 

mean alert acceptance rate of about 5.0%, (ranging from 4.0% to 7.9%) while 

reporting 88.6%  (n=2,600) of 2,934  assessed of alert overrides to be overridden 

appropriately. This is similar to the medication related alert override reported earlier 

in the chapter, but higher rates of appropriate alert overrides than assessed in 

KSUMC have been reported (Zenziper Straichman et al., 2017). Revision of the 

existing dosing thresholds at which dose range alerts are generated to be suitable 

for the KSUMC context is now recommended as is activation of dose alerts for more 

medications, with their dose ranges revised for KSUMC context. It is recommended 

that specificity of the drug interaction alerts generated could be revised and 

checked, currently there is no ‘level of interaction’ determining generation of drug 

interaction.  

During the process of assessment of alert appropriateness, the main source of 

patient related information was the EHR. Care was taken to read the documented 

prescriber notes, as well as notes documented by other HCP, often spanning notes 

documented over several months if necessary. Regarding assessment of 
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overridden drug interaction alerts, one reason for judging the alert to be overridden 

appropriately is that the risk of the two medications interacting was very low. Another 

reason commonly encountered was that the drug interaction for which the alert was 

generated was between the new drug prescribed and a medication the patient no 

longer uses but remained on the medication list, as the updating of the medication 

list does not involve deletion of medications. This type of interaction is clinically 

irrelevant for the patient and simply wasted the clinicians time while using CPOE to 

order medications, even if the interaction is of the potentially severe type, the patient 

is not at risk because both medications are not concurrently prescribed, only the 

new one is.  

During this study documentation of reasons (by physicians) for overriding alerts in 

KSUMC was assessed. Currently when overriding an alert, choosing a reason from 

the pull-down menu is mandatory, the first reason that appears is (no reason 

selected) and that was the reason chosen for 99.8% (n = 2,615,306) and 99.49% (n 

= 1,616,437) of overridden alerts from the inpatient and outpatient department 

respectively. Entry of the free text reason for overriding an alert is voluntary. A very 

small percentage of reasons for overriding a medication related alert were entered 

as free text for only 0.003% (n = 13,534) of overridden alerts; of these 67.7% (n = 

9,158) were entered as non-sensical characters. This indicates poor documentation 

of reasons for overriding medication related alerts by the physicians. Periodical 

analysis of reasons chosen from pull down menu and entered clear logical free text 

could help improve policies towards understanding why these alerts are overridden 

and in what circumstances. Implications for practice include educating practitioners 

on the importance of documentation of accurate reason for overriding an alert when 

entering free text or when choosing a reason from the pull-down menu. It has been 

suggested that requiring entry of reasons when overriding an alert will trigger 

physicians to rethink the potential safety implications of the medication for this 

patient (van der Sijs et al., 2006). Other advantages of documentation of reason for 

override include provision of insight on medication related alerts enabling relevant 

modifications of the knowledge database and alert generation threshold for 

improved specificity of alert generation. The reasons prescribers enter to override a 
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medication related alert should be visible to other HCP (for example pharmacists 

and nurses) during preparation, dispensing and administration of medication.  The 

reasons for overriding alerts should be periodically assessed by relevant IT staff and 

analysed for patterns to determine which alerts are irrelevant and which are clinically 

relevant and useful.  The rates of appropriateness of alert display differs from 

inpatient and outpatient setting across alert types, and the numbers of alerts judged 

to be appropriately overridden differed from settings except for egg allergy alerts 

and G6PD alerts. Improvement efforts are needed towards enhancing the clinical 

relevance of dose range alerts and to increase the amounts of medications activated 

with dose range alerts generation. Research is also needed to explore the 

perceptions of physicians about using the system to order medications, and their 

suggestions for improvement. This is what the next chapter will describe, the 

interview study carried to explore the perceptions of physicians about using the 

system, and their suggestions for improvement. In KSA it has previously been 

determined that physicians override CDSS alerts and prescribe medications to be 

contraindicated for patients with reduced renal function (Youssef et al., 2015), 

however rates of overriding other types of alerts were not reported . From USA, a 

study conducted in the inpatient setting of 793-bed tertiary care teaching hospital 

reported that almost three quarters of assessed alerts in their sample were 

overridden, and about 40.0% of these overrides were not appropriate. In a study 

conducted in Israel, (Zenziper Straichman et al., 2017) report mean alert acceptance 

rate of about 5.0% (ranging from 4.0% to 7.9%). This study found and reported 

95.0% alert override rate, and an appropriateness of override differing according to 

alert type in respective setting. This override rate is higher than rates reported 

internationally and the implications of this should be explored further. The separate 

rates of overriding for each year across alert types in further details Appendix P 

(page 348) and the reasons for overriding the alerts Appendix Q (page 354). 

4.5.2 Strengths and Limitations 
Among the strengths of this study is that it is the first study in Saudi Arabia that has 

investigated the utilisation of the CPOE and ancillary CDSS medication-alert 

generation. The second strength is that alerts were assessed individually by two 
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clinical pharmacists. Interrater agreement was calculated and interpreted as 

substantial agreement (Viera and Garrett, 2005). Alert generation and override rate 

were calculated for all medications ordered from inpatient and outpatient settings 

during the study period. Criteria used (to assess appropriateness of alert display 

and appropriateness of alert override in this study) were adapted from existing 

criteria (Nanji et al., 2014; Zenziper Straichman et al., 2017; Wong et al., 2018) and 

these adapted criteria Appendix I (page 296) are now available to be used for future 

research in KSUMC, and other institutions in KSA or the GCC context. 

This study had several limitations. First, this was a study on alerts generated at two 

hospitals that are part of one medical city, the commercial computerised system and 

the EHR system is unified, thus one CPOE system and one CDSS system was 

evaluated. Second, as explained chapter four (page 99)  this system has ‘home-

grown elements’ (Georgiou et al., 2011), some of which are their own customised 

(by clinical pharmacists) dose range checks according to the KSUMC formulary. 

These two factors are limitations in that may restrict generalisability of these findings 

to other settings that use different systems. The third limitation was that total 300 

alerts were selected randomly and assessed for appropriateness. While for egg 

allergy alerts for example, there were 226 alerts generated from both settings of 

which 64.2% (n =145) overridden, analysing 40 of these alerts could help get a 

general idea of egg allergy alert handling and appropriateness. However, for alert 

type drug duplicates, there were more than three million and a half alerts generated 

and therefore assessment of the appropriateness of 37 alerts will not be as 

generalisable to the whole population of drug duplicate alerts. During the process of 

assessment of alert appropriateness, the main source of patient related information 

was the EHR. One disadvantage of retrospective analysis of the EHR is that patient 

records could involve systemic gaps of information (Aparasu, 2011). The fourth 

limitation was related to analysis of reasons for overriding alerts. During analysis of 

reasons for overriding alerts there might have been reasons for overriding alerts that 

we did not uncover because of the low rates of choosing from the pull-down menu 

and low rates of documentation of justification of the override by entering free text 

when prompted. Great efforts were made to go through the documented free text 
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justification of alert override and the categories for classification of free text were 

developed after discussions (with experienced pharmacist panel) and classified the 

documented the free text. However, it must be acknowledged that there could be 

reasons for overriding that were not considered (or were overlooked), as the 

reasons for overriding were documented as free text for 13,534 overridden alerts, 

of which for 67.7% (n = 9,158) alerts the reason entered was ‘non-sensical 

characters.’ The fifth limitation was that any resultant effect on patient outcomes 

(e.g. adverse events that led to or did not lead to harm) have not been investigated, 

and therefore the effect of alert override cannot be measured. The sixth limitation 

was that alert overrides were not classified according to physician speciality or area 

of expertise; this information was not analysed to protect anonymity of physicians. 

Lastly, we did not have reports from the system generated reports about the alerts 

that physicians accepted (and modified their medication order) according to the 

information displayed in the alert. Analysis of accepted medication-related alerts, 

their appropriateness and in which circumstances these alerts are accepted, could 

be another piece of this puzzle to help understand what qualifies as a ‘successful 

and clinically relevant’ alert.  

4.6 Implications for clinical practice 

The findings of this research have shed light on medication related generation and 

handling in KSUMC. Determination of such high alert override rates, and poor 

documentation of reasons for overriding the alerts have been important for 

consideration to develop recommendations to improve medication related 

generation and alert handling. The recommendations also include suggesting 

development of policies with potential to improve clinical practice. Finally, the results 

of this research are a baseline from which future studies in KSUMC and even other 

hospitals in GCC might refer to. More information can be found in chapter six on the 

implications for clinical practice as well as possible areas for future research work. 

4.7 Conclusions 

When compared to international studies, in KSUMC medication related alert 

generation was more frequent per numbers of medications ordered in KSUMC, alert 
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override rates higher and rates of alerts assessed to be overridden appropriately 

were lower. 

Generation of medication-related alerts needs to be more specific, clinically relevant 

and useful for the KSUMC context. The very large number of generated drug 

duplicate alerts and the high override rate of all medication related alerts types 

should be assessed further. Accurate documentation of patient allergies in the EHR 

must be encouraged. The appearance of the reverse chronological alert of allergy 

(documentation of allergy after prescription of the medication) helps giving clues in 

researching the numbers of patients experiencing allergies even though they had 

no previous documentation of an allergy; provision of feedback to prescribers 

regarding these patients is essential. Drug duplicate alerts must be reduced, 

involving revision of system logarithmic rules for alert generation. This is described 

in additional details in chapter six. 

The next chapter describes the interview study conducted with prescribers, to 

explore their perceptions regarding the generated medication related alerts, and to 

document their suggestions on how to improve their experiences of using CPOE 

and CDSS. 
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Chapter 5: An interview study to explore 
prescribers’ perceptions towards utilisation of 
computerised physician order entry and 
reasons for overriding and accepting alerts. 
5.1 Introduction 

The previous chapter detailed phase one of the mixed methods exploratory 

sequential design. This chapter describes phase two, which was the qualitative arm 

of the study. The chapter begins by restating the objectives of this phase of the 

programme of work, then details the methods used, and describes the findings of 

interviews conducted to explore prescribers’ perceptions towards utilisation of 

CPOE and reasons for overriding and accepting CDSS alerts as well as suggestions 

for CPOE and CDSS system changes perceived will lead to improvement. The 

findings are discussed within the conceptual framework (Cornford et al., 1994; 

Barber et al., 2006). 

 

 

 

 

 

 

 

Figure 5.1 Structure of thesis highlighting the position of the current chapter 

Chapter one: Introductory 

background  

Chapter two: Methodology Chapter three: Systematic 

review of the literature 

Chapter four: Quantitative 

study 
Chapter five: Qualitative 

study 

All previous chapters 
Chapter six: Discussion 

Empirical studies 



137 
 

5.2 Objectives 

The specific objectives of the study were to document perceptions and experiences 

faced by prescribers using CPOE and handling of medication related alerts 

generated by CDSS as well as documentation of the physicians’ suggestions for 

improvement of the system. 

5.3 Methods 

5.3.1 Setting 
This study was carried out at the two KSUMC hospitals KAUH and KKUH (which 

has been described in detail earlier in chapter one in section 1.8 page 46 and 47). 

5.3.2 Design 
Phase two was carried out as a qualitative interview study, the methodological 

considerations of using interviews for this study arm were discussed in chapter two. 

The interview is a technique involving verbal communications between the 

researcher and the subject (Mathers et al., 1998). There are three main approaches 

to interviewing: structured, semi-structured, and unstructured. Structured interviews 

enable the interviewer to ask each participant the same questions in the same way 

and are useful to compare responses between participants. Semi-structured 

interviews involve a series of questions based on the topic areas the researcher 

wants to cover, often with the use of an interview schedule or interview guide of 

previously framed questions. While the topics under investigation are defined the 

open nature of the questions allows further exploration in additional details. It is 

suitable when the nature of the research is exploratory. Unstructured interviews 

have very little structure, and successive questions during the interview are framed 

according to the participants’ responses (Mathers et al., 1998). The content of the 

interview consisted of the interview schedule which included a set of introductory 

comments, a list of topic headings and key questions with associated prompts finally 

closing comments.  
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The next section provides details on the development of the interview schedule used 

in the interviews. 

 

5.3.2.1 Development of interview schedule 

5.3.2.1.1 Resources of the interview schedule 

 

The interview schedule was developed with consideration of the following five main 

points which are listed and then each point is described in some detail individually: 

• Previously used interview schedules. 

• Some of the findings of phase one of this research 

• The moderators identified by the UTAUT 

• The six types of questions useful in qualitative inquiry  

• Eencompassing all the concepts of the original structure/ process / 

outcome framework as well as the framework of Cornford and colleagues. 

 The use of interview schedules in pioneer similar studies (Barber et al., 2006; Jani, 

2008) was a helpful resource for the development of the interview schedule for this 

current study. Several questions used were identified as useful for the research 

purpose were identified for adaption for the local context and possible inclusion into 

this interview schedule. For example:    

“Does the system make you feel safer?” Another question was: “How 
often do you use the system? And for what tasks?”        

                                                                                  (Barber et al., 2006). 

“What do you think are the advantages of using electronic prescribing 
medication administration systems? Another question was: “How does it 
compare to other systems (paper or electronic) where you worked 
before?”                                                                                                     

                                                                                              (Jani, 2008). 

 

•  Some of the findings of phase one of this research 



139 
 

Some of the findings and results of phase one as presented in chapter four were 

identified for further study in phase two, which included the very high number of 

generated drug duplicate alerts (3,549,736 drug duplicate alerts), the  calculated 

override rate, the low percentage of documentation of reasons for overriding the 

medication related alerts, and the facts that an alert type (dose range) was being 

constantly activated for more medications as time has gone by. In the study period 

the medication related alert override rate was calculated to be almost 95% 

(4,231,743 out of 4,446,730 alerts), which is very high. It was found that reasons 

for overriding medication related alerts were entered as free text for only 0.003% 

of overridden alerts. Thus, questions were included in the interview schedule to 

ask about alert handling, and to address the entry of reasons for overriding alerts, 

and whether the participant noticed a change in dose range alerts. It was decided 

to add the issue of the number of drug-duplicate alerts indirectly rather than in a 

specific question, to allow it to flow into the conversation as a prompt about the 

large quantity of medication related alerts. 

 

• The moderators identified by the UTAUT 

The work published regarding developing the (UTAUT) theory identifies four 

moderators present in users of technology systems that influence dependent 

variables as well as independent variables affecting measures of systems’ user 

acceptance (Venkatesh et al., 2003). The four identified moderators identified are: 

gender, age, experience and voluntariness. The purpose of phase two of this 

research was not to evaluate user acceptance of CPOE and CDSS systems. 

However, these moderators were relevant with how favorably the physician would 

perceive use of CPOE and CDSS systems in this context as they are technology 

replacing paper-based systems, and for this reason an effort was made to include 

the moderators (even if indirectly) in the interview schedule. The first moderator, 

‘gender’ of the physician participating in the interview was documented there was 

not a need to ask about it directly. Regarding the age (second moderator) and third 

moderator, it is considered impolite in Arabian culture to ask about a persons’ age, 

this moderator was indirectly addressed by asking about the years of experience 
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as a prescribing physician the participant has and thus indirectly addressing the 

third moderator (experience) in the same question. The third moderator was 

addressed further in the interview schedule in another question, by asking the 

physician to differentiate how many of those years’ experience were by use of 

paper-based prescribing and how many were with use of CPOE, including in other 

establishments. About the fourth moderator, voluntariness, it is defined as: 

“The degree to which use of the innovation is perceived as being 
voluntary, or of free will”. 
                                                                   (Moore and Benbasat, 1991). 

 

It is worthy to note that since May 2015 using CPOE to prescribe medications is the 

only way to prescribe medications for their patients, they cannot prescribe 

medications using paper-based system, and using CPOE is not voluntary. Thus, no 

questions in the interview schedule were developed for the moderator voluntariness. 

 

• The six types of questions useful in qualitative inquiry  

All the six types of questions useful for qualitative inquiry described (Patton, 2015) 

were covered in the finalised version of interview questions, and in Table 5.1 are 

details on these six question types as adapted from (Patton, 2015), and the planned 

questions for inclusion in the interview schedule.  

Table 5.1: Types of questions and focus in interview schedule. 
Question type 
and focus 

Question in preliminary interview schedule 

Background or 

demographic 

“How many years’ experience does you have as a prescriber?” “How many 

years’ experience do you have with the paper based medication prescribing 

system?” 

Experience or 

behaviour 

 “How many hours in a working day do you spend using the computerised order 

entry system?” 

Opinions or 

belief 

 “Do you believe the medication specific alerts generated by the system are 

useful and relevant?” 
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Question type 
and focus 

Question in preliminary interview schedule 

Knowledge “Which aspects of the computerised order entry system are most essential to 

be improved?”  

Feeling 

Questions 

“How do you feel about entering the reason for your choice overriding an alert?” 

Sensory “Describe how you use CPOE to prescribe medications for your patients in your 

practice”. 

“Is there a particular incident or story that occurred in the beginning of 

implementation of the computer system for prescribing that is clear in your 

memory and you still remember, that you can share with me?” 

Adapted from (Patton, 2015) 

• Eencompassing all the concepts of the original structure/ process / 

outcome framework. 

The developed  questions of the interview schedule were developed to encompass 

all the  concepts of the original structure/ process / outcome framework originally 

developed by Avedis Donabedian (Donabedian, 1966) and adapted and used by 

later researchers (Cornford et al., 1994; Barber et al., 2006). This is shown in Table 

5.2. 

 

           Table 5.2: Questions in interview schedule as related to patient safety category 
Concept of the 

framework 

Question from the interview schedule 

Structure How many hours in a working day do you spend using CPOE, whether 

to order medications or other patient care related activities? 

Process Describe how you use CPOE to prescribe medications for your patients 

in your practice. 

Outcome In your opinion, are there fewer prescribing errors with which system, 

paper-based prescribing or with CPOE? 

In your opinion, are the triggered alerts for dose range checking 

effective? 
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5.3.2.1.2 Versions of the interview schedule 

Version one of the interview schedule was developed by the PhD student and 

reviewed by the PhD supervisors, and the suggested changes incorporated into 

what became the second version. The second version of the interview guide was 

used by the interviewer and practised as part of pilot interviews with one oncology 

consultant and two pharmacists at KKUH, and one pharmacist currently studying for 

a PhD. These four practice interviews helped Jamilah the PhD researcher practice 

and refine her interview technique, arrange the order of some questions, and 

improve clarity of the questions. Two questions were removed, two questions 

rephrased, while a question was added about practical training sessions. A third 

version was written by the PhD researcher and revised by the PhD supervisors 

Professor Bryony Dean Franklin and Jane Portlock then used by the PhD researcher 

to carry out two more pilot interviews with two surgical residents (in-house officers) 

at KKUH. Afterwards, two questions about dose range checking alerts were 

rephrased. The fourth and final version of the interview schedule was developed by 

the PhD researcher, then revised and approved by the PhD supervisors to be used 

by the PhD researcher for conduction of study interviews. The interview schedule 

included closed-ended questions and open-ended questions. Closed ended 

questions invite the respondent to produce short and minimal responses (Grindsted, 

2005). Open ended questions invite the participant to produce long stretches of talk 

(Grindsted, 2005).  The 25 questions of the final interview schedule used in the study 

is in the nest section. The questions were listed under five topic headings as distinct 

parts. 

5.3.2.1.3 Final version of the interview schedule 

Part 1: Background questions 

1. Tell me about your educational background and training. 

2. What is your area of clinical practice? Inpatient/Outpatient setting? 

3. How many years’ experience did you have using the handwritten paper-based 

prescribing system? Please specify the number of years. 
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4. How many years’ experience do you have using computers to order 

medications for your patients, using CPOE? Please specify the number of 

years. 

5. How many hours in a working day do you spend using CPOE, whether to order 

medications or other patient care related activities? What do you think of this 

effort? 

6. How many patients do you order prescriptions for in one working day?  

7. Describe how you use CPOE to prescribe medications for your patients in your 

practice. 

 

Part 2: Utilisation of computerised physician order entry and clinical decision 

support system 

8. From your experience, what are some advantages of using computerised 

system to prescribe and order medications for your patients, compared with 

ordering and prescribing medications on handwritten paper-based 

prescriptions?  

Prompts- handwriting, prompt of the doses available in the formulary, non-

formulary/investigational medication will not be prescribed. 

9. From your experience what are advantages of the support system that 

generates the alarms or as they are called in the literature, the alerts? The 

system that is linked to the patients’ electronic medical record as well as the 

hospitals’ formulary and helps physicians make clinical decisions during 

prescribing? 

Prompts- drug interactions of the medications appear, dose recommendations 

for the doses appear individualised for the patient. 

10. From your experience, what are some disadvantages of using computers to 

prescribe medications when compared to handwritten paper-based 

prescriptions?  

Prompts- Difficulty, complicated, time consuming 

11. From your experience what are disadvantages of clinical decision support 

system (CDSS) that you can tell me? 
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Prompts- Alert quantity, relevance irrelevance 

12. Did these advantages/disadvantages become apparent as soon as the hospital 

switched from the paper-24based system to CPOE; or did they become more 

apparent as time went by and you gained practice and experience with the 

system? 

13.  In your opinion, are there fewer prescribing errors with which system, paper-

based prescribing or with CPOE? 

 

Part 3: Handling of medication related alerts generated by the clinical decision 

support system as part of computerised ordering of medications 

14. The CDSS for dose range checking is becoming activated for more and more 

medications as time has gone by. Have you noticed this? For which 

medication/medications have you noticed it? 

15. Has this had any effect on your practice? 

16. In your opinion, are the triggered alerts for dose range checking effective? 

17. How do you usually handle alerts? 

18. Out of every 100 alerts that appear, you would say that you accept what 

percent? 

19. Out of every 100 alerts, you would say that you override (or reject) what 

percent?   

20. In your opinion, the fact that you must enter the reason during the process of 

overriding an alert for your choice of override is it necessary or a waste of time? 

 

Part 4: Incidents arising with the computerised prescribing system 

21. Is there a particular incident or story that occurred in the beginning of 

implementation of the computer system for prescribing that is clear in your 

memory and you still remember, that you can share with me? 

 

Part 5: Recommendations and suggestions for improvement for CPOE and 

CDSS  
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22. What suggestions for improvement of CPOE and CDSS or recommendations 

do you think can be introduced? 

Prompts- Increase number of medications with dose range checking activation, 

continuing medical education on how to best use CPOE in the hospital system  

23. If the hospital were to hold workshops with practical sessions for familiarising 

and updating staff on the CPOE, would you attend, or would it be a waste of 

your time?  

24. How do you suggest the hospital continually train staff on CPOE? 

Prompts- a lecture, or sending updates through email, or a newsletter? 

 

Part 6: Conclusion and close 

25. Is there anything else you would like to add? 

 

5.3.3 Ethical approval 
At UCL SoP, research department of practice and policy (RDPP) a study brief was 

reviewed and determined to be service evaluation. UCL data protection registration 

was obtained with reference number Z6364106/2017/04/04. The study protocol was 

next reviewed by King Saud University Institutional Review Board and granted 

approval reference number17/0189/IRB, as in Appendix S1 (page 364). This 

approval was valid for one year, and therefore resubmitted for renewal and granted 

with approval 18/0220/IRB, as in Appendix S2 (page 365). As per KSU IRB criteria, 

participant invitation sheets, information sheets and consent forms (for patients or 

HCP) must be available for distribution in both English and Arabic, please refer to 

Appendix V-1 through Appendix V-7 (pages 378 to 388). The participant 

information sheet, and the consent forms were developed in English by the PhD 

researcher and reviewed by the PhD supervisors. Then these were translated from 

English to Arabic by the researcher. This translation was reviewed by one 

pharmacist and one scientist who are also competent in both Arabic and English. 

Finally, the internal supervisor reviewed the Arabic participant information sheet and 
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the Arabic version approved by the researcher was used alongside the English 

version for distribution.  

 

5.3.4 Participants and recruitment 

5.3.4.1 Inclusion criteria 
Participants to be included were physicians and surgeons with current prescribing 

authority practicing at KSUMC hospitals, who have had previous experience with 

paper-based prescribing whether at KSUMC hospitals or at other establishments. 

5.3.4.2 Exclusion criteria 
Physicians without current prescribing authority at KSUMC hospitals were excluded 

from this study. Physicians with prescribing authority at KSUMC but without prior 

experience using paper-based prescribing whether at KSUMC or another 

establishment were excluded. 

5.3.4.3 Recruitment 
Three sampling strategies were used to recruit participants in the study. In April 

2018, emails were sent by the PhD researcher to the twenty-eight heads of 

departments at KKUH and KAUH, the email addresses are in the public domain and 

the heads of departments were identified as ‘key informants’ (Patton, 2015). The 

purpose of the emails was to ask heads of departments to encourage eligible 

physicians in their departments to participate, the emails included the participant 

information sheet (which described the study aim and objectives), and consent 

forms were attached to the email for further information to be passed on to those 

interested in participation in the study.  The strategy of ‘snowball sampling’ was 

used, which involved starting with one or a few relevant and information rich 

interviewees and then asking them for additional relevant contacts who can provide 

different or confirming perspectives. In addition to identification of ‘key informants’ 

and ‘snowball sampling’, the strategy of ‘opportunity sampling’ (Patton, 2015) was 

used. Physicians were approached face to face in the clinic or in the ward and asked 

if they would like to participate in the study, and followed up with emails, or called 

on their hospital or university office extensions or their mobile phones. 
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 From all three recruitment strategies those who showed interest in the study and 

agreed to participate, the study’s aim and objectives were further clarified to them, 

they were assured about the anonymity of their information and informed that the 

interviews outputs would be used only for research purposes. Finally, they were 

informed that participation is voluntary, and they are free to withdraw from the study 

within one week without giving any justification. 

 

5.3.5 Piloting 
Six pilot interviews were conducted, the first purpose of the pilot interviews was to 

adjust the initial set of questions on the interview schedule (the second and third 

versions). The second purpose of the pilot interviews was to clarify if participants 

faced difficulty in understanding the questions. The third purpose was for the PhD 

researcher to practice interview technique, as she had received training on interview 

conduction and technique but did not have any prior experience conducting 

interviews. Six pilot interviews were conducted; with one oncology consultant at 

KKUH, and two pharmacists at KKUH, a pharmacist studying for a PhD, and two 

surgical residents (in-house officers) at KKUH. The six pilot interviews were not 

included as part of the final analysis. 

 

5.3.6 Data collection 
Face to face technique, conversation with a purpose between the interviewer and 

the respondent (Singleton and Straits, 2001)  was used to conduct the interviews 

with eligible participants. The location of the interview was predetermined and 

agreed upon by the interviewee and participant, either in the physician’s clinic, or 

the ward, or the physicians’ office in the hospital or the college of medicine. The 

fourth available option was the Investigational Drug Research Unit, a quiet research 

area with no patients or noise, and usually one staff member on rotation duty. The 

interviews were conducted in the English language. Issues could be brought up 

during the interview even if they were not part of the interview questions, and there 

was flexibility in the sequence the questions were asked (Mason, 2004).  The 
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interviews were audio recorded using a Sony® recording device and the interview 

stored on password protected laptop in concordance with data protection 

regulations. Data collection and interview conduction was from April 2018 until 

January 2019. The interviews were transcribed verbatim by the researcher using 

Microsoft Word® (Windows version 10) and saved on password protected 

computer. Identification information was not recorded in the transcription. 

Participants were asked if they were interested in receiving a copy of the transcript, 

and those interested were emailed a copy of the transcript for review, comment, or 

correction. 

5.3.7 Analysis 
Interview transcripts were entered using QSR International’s NVIVO® 12 software 

(2018) to facilitate data management and coding. Initially three transcribed 

interviews were inductively coded (lowest level codes)  by the researcher with 

multiple readings and interpretations of the raw data  (Thomas, 2006), and this initial 

analysis was concurrent with ongoing interviews conduction, interweaving data 

collection and analysis from the very start (Miles et al., 2014). Then, mid-level codes 

were developed after the initial coding. This was to ensure capturing the 

experiences or processes present in the raw data independently of the framework 

of Cornford and colleagues (1994). These three interviews and first version of codes 

were reviewed by the primary and subsidiary external PhD supervisors. Discussions 

were undertaken and suggestions addressed, newer codes added then the revised 

set of codes developed. Four more interviews were coded inductively by the 

researcher and individually coded and checked by the PhD supervisors. When new 

codes emerged and the coding version was changed, the transcripts were reread 

according to the newer codes. At this stage there were suggestions to merge some 

codes together and rename them (labels and themes) as well as to delete a few 

other codes, and this final revised set of codes was referred to as a ‘codebook’ as 

per Guest and colleagues (Guest et al., 2006). The codebook was reviewed by the 

supervisors, agreed upon, and used by the researcher to code all the remaining 

interviews. This iterative process of coding review and discussion was used to 
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determine the final version of codes and helps to support quality assurance of the 

validity and reliability of the analysis. Summarising the findings involved discussing 

the themes in the template of codes in terms of the concepts of system functions, 

human perspectives, organisational context, as used by (Cornford et al, 1994; 

Barber et al, 2006; Jani, 2008). This was overlapped with the earlier framework of 

evaluation of quality in healthcare using the three main arches of system, process, 

outcome (Donabedian, 1966). The data driven inductive approach of code and 

theme development together with discussing the findings in terms of the concepts 

of the preselected framework (Cornford et al., 1994; Barber et al., 2006; Jani, 2008) 

made up what has been described as the ‘hybrid approach’ (Fereday and Muir-

Cochrane, 2006). This approach complemented the thesis aim and objectives as 

well as the plan to summarise the findings in the predetermined framework 

(Cornford et al., 1994; Barber et al., 2006; Jani, 2008).  

 

Figure 5.2: Themes and levels of codes emergent upon analysis from the interviews and then 
discussed in terms of the three concepts as adapted from Cornford and colleagues framework  
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terms of the 
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after iterative 
review 

Lowest level 
codes 
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data and 
reviewed by the 
research team
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Figure 5.2 shows the steps of the emergence themes and levels of codes upon 

analysis from the interviews, summarising the steps of the lowest level codes, mid-

level codes and the nine inductively derived themes that were then discussed in 

terms of the three original themes of Cornford and colleagues (Cornford et al., 

1994). Appendix U (pages 371 to 378) contains more details on the themes, mid-

level codes, and lowest level codes derived. 

5.4 Results 

5.4.1 Participants 
Twenty-eight emails sent to of heads departments at KSUMC hospitals KKUH and 

KAUH. Twenty-eight potential participants were contacted after being 

recommended by another colleague, and four physicians were approached in 

person on the ward or clinic. Therefore, 60 potential participants were contacted. 

Two replies were received from the twenty-eight emails sent to of heads 

departments at KKUH and KAUH; one physician accepting to be interviewed and 

one head of department stating that in his department (radiology) physicians do not 

prescribe many medications and were therefore not suitable candidates. Koppel and 

colleagues (2005) reported excluding physicians in services that seldom use CPOE 

(to prescribe medications), for example physicians from radiology and pathology 

services were excluded from their study population (Koppel et al., 2005).  

After recommendation from another colleague 23 out of 28 physicians agreed to 

participate, and interviews were successfully conducted. As for the remaining five 

physicians, two physicians politely declined, while with three physicians contact was 

lost therefore a time for conduction of the interview could not be scheduled and 

arranged. For those four physicians approached by the PhD researcher in person 

on the ward or clinic, two accepted, one missed the appointment arranged and one 

physician declined due to lack of time and interest. A total of 26 physicians were 

therefore interviewed, and the calculated response rate was 63%. One of the 

interviewees was an optometrist, with minimal prescribing duties (in contrast to an 

ophthalmologist, who would have prescribing experience of a broad range of 

medications) and therefore did not fit the inclusion criteria. This was confirmed 
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during the transcribing process and for this reason he was contacted again, thanked 

for his time but the interview excluded from the analysis. Therefore, 25 interviews 

were transcribed and included in the analysis.  

 

5.4.2 Findings 

5.4.2.1 Synopsis 

Twenty-five Interviews analysed, with 12 female physicians and 13 male physicians. 

The participants experience with prescribing medications ranged from three years 

to 33 years, in KSA and in other countries; some participants had prescribing 

experience with CPOE prior to its implementation at KSUMC. The years of 

experience using CPOE ranged from two years to 13 years. The total interview time 

was 13 hours 37 minutes. The interview duration ranged from 14 minutes to 65 

minutes, mean interview time was 32 minutes. The participants prescribed 

medications for patients in the inpatient or outpatient setting, or both; at one of the 

KSUMC hospitals KKUH or KAUH, while one of the participant physicians 

prescribed medications for patients at both KKUH and KAUH. Fifteen had their 

Bachelor of Medicine, Bachelor of Surgery studies in KSA, while the others in Egypt 

(4), India (1) Ireland (1), Pakistan (1), Philippines (1), Sudan (1) and Syria (1). On 

weekly basis, the physicians reported that they spent from 5 hours to 40 hours on 

the system and prescribe medications for 10 to 125 patients. Participants’ 

specialties included paediatrics, geriatrics and home health care, obstetrics-

gynaecology and endocrinology. Table 5.3 characterises the participant physicians 

according to gender and KSUMC hospital which they practice; either at KAUH or 

KKUH or both. 
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Table 5.3: Characteristics of participating physicians according to clinical grade. 

Gender and rank Practicing at 
King Abdulaziz 
hospital only 

Practicing at 
King Khalid 
hospital only 

Practicing at both King 
Abdulaziz and King 
Khalid hospitals 

Number of residents (Male) 1 (0) 1 (1) 0 (0) 

Number of registrars (Male) 0 (0) 0 (1) 0 (0) 

Number of fellows (Male) 2 (0) 1 (1) 0 (0) 

Number of consultants 

(Male) 

1(0) 6 (9) 0 (1) 

Total number of participants 4 20 1 

 The number of males is between brackets. 

Table 5.4 contains participants’ clinical specialty and KSUMC hospital which they 

practice; either at KAUH or KKUH or both. More details on the participants’ 

characteristics, including the country of further training, years of experience can be 

found in appendix T (page 366 to 370). The information available includes the 

number of hours spent on the system per week, the number of patients the physician 

prescribes medications for in a week, and duration of the interview.  
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Table 5.4 Specialties of participant physicians and hospital of practice 

Specialty Practicing at 
King Abdulaziz 
hospital only 

Practicing at King 
Khalid hospital 
only 

Practicing at both 
King Abdulaziz and 
King Khalid hospitals 

Cardiology  1 (1)  

Dermatology  1  

Endocrinology  1 (1) (1) 

General practitioner 1 (0)   

Geriatrics (older adults)  0 (1)  

Internal medicine 2 (0) 0 (0)  

Intensive care (paediatrics)  1 (1)  

Obstetrics and 

gynaecology 

 0 (1)  

Oncology  0 (1)  

Paediatrics  1 (0)  

Primary care family 

physician 

1 (0) 2 (1)  

Psychiatry  0 (1)  

Rheumatology  0 (2)  

Trauma and critical care  0 (2)  

Women’s sexual health  1 (0)  

Number of participants 

(Male between brackets) 

4 (0) 8 (12) 0 (1) 

Total number of 

participants 

4 20 1 

The number of males is between brackets. 

In the sections that follow, when representative quotes from participants are used, 

the prefix KAUH followed by a number; indicates the physician practices at KAUH, 

the prefix KKUH followed by a number indicates the physician practices at KKUH, 

and one physician practices at both, the prefix KAUH KKUH has been assigned.  

Figure 5.3 provides an overview of how the development of the interview schedule, 

conduction of the interviews with the eligible participants, and supported quality 

assurance of the analysis led to the inductive derivation of nine main themes.  
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Figure 5.3: The process leading to the inductively derived main themes. 
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5.4.2.3 Human perspectives 
Three themes described human perspectives, and they are: 

• Comparison of CPOE to prescribe medications with paper-based 

prescribing. 

• Building familiarity with the system. 

• Effort of prescribing medications by CPOE. 

There were some elements of the theme ‘using CDSS’ that described human 

perspectives as well as system functions as mentioned in the next section. 

5.4.2.3.1 Comparison of CPOE to prescribe medications with paper-

based prescribing 
According to questions eight and ten on the interview schedule the physicians were 

asked about what they perceived were the advantages and disadvantages of CPOE 

when compared to paper-based prescribing. The participants answered these 

questions and discussed which method of prescribing medications for patients (by 

CPOE or by handwriting on paper) was associated with less numbers of errors. 

There were several issues with paper-based prescribing that do not exist with 

CPOE, for example illegible handwriting, (which would lead to errors in medication 

names, or misinterpretation of doses with mistaken decimals) or the chance that the 

patient would lose the prescription. As advantages of CPOE over paper based 

prescribing the physicians also mentioned that CPOE saves time, and re-

prescribing medication for the same patient was easier. The physicians prescribing 

medications for their patients in clinics also mentioned that after CPOE 

implementation patients returned from the outpatient pharmacy less often because 

of issues with the prescriptions, and that patients did not lose the prescription. A 

physician also spoke of ‘traceability’ and elaborated that among the differences 

between CPOE and paper-based files was ordering or discontinuation of a specific 

medication could be traced accurately in terms of when this change was made, as 
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well as the identity of prescribing physician, whereas with paper-based prescribing 

some of the information might not be documented as thoroughly.  

“First, accuracy in the prescription. It minimises the mistakes where 
people add a decimal and so on. You minimise the mistakes with the 
name of the medication… or confuse them that they meant ‘X’ medication 
instead of ‘Y’ medication”.  
                                                  (KKUH 010; consultant, endocrinologist.) 

 

“Sometimes you will find difficulties reading or trying to understand which 
medication this patient is was on, because it is written in such a bad 
handwriting, it’s illegible basically.  But in terms of prescription in ESiHI 
you can always go down and you can always put an order, and you can 
see all medications prescribed and there is no handwriting. You will know 
who put the order, when (…) and executed it the pharmacy, or whatever, 
happened to that order. So, it is a great thing”.  
                                                       (KKUH 016; consultant, psychiatrist.) 
 
“It’s time saving (….) Other thing is, the patient doesn’t come back to us 
(…), either the pharmacist sends them back, or illegibility in the 
handwriting, or lose the prescription”.  
                                                 (KAUH 001; consultant, family medicine.) 
 
“First of all, the name of the medication now it is correct (….) We cannot 
read the handwriting of other doctors (….) The dose of the medicine 
sometimes I forget if it is which is 5mg, or 10mg or whatever (.…) when 
I see in front of me the medicine and all its dosages so I can then 
remember the medicine”.  
                                       (KAUH 002; in house officer, internal medicine.) 
  
“Less error I would say. Sometimes (…) we are avoiding mistakes, 
because we have more clear prescription than the handwritten. This is 
the most important advantage I would say. Other thing the traceability, 
which will be concerned in the file of the patient and this is very important 
point (….) because sometimes we do not know or we do not remember 
what we have prescribed and we do not know what others have 
prescribed to our patients”.   
                                                          (KKUH 002; consultant, oncologist.) 
 

On the other hand, one of the disadvantages of CPOE that was a complaint of more 

experienced physicians about the effect of the computer screen on eyesight, and 

the effect of typing on keyboard on shoulders causing pain. Other disadvantages 

mentioned were that prescribing medications by CPOE was time-consuming and 
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prescribing by paper was faster. The internet and intranet connectivity were 

identified as a factor that lead to increased use of time, and delays during ‘peak 

times’ would be due to lagged system connectivity. Other physicians spoke of 

freestyle drawing option, or availability of marking on graphs, it was likened to 

drawing on paper (this is regarding documentation of patient history or physical 

complaints) while available in some CPOE systems in other institutions, is not 

available in this system at KSUMC.  

“If the computer is shut down, or if it is slow. Sometimes this takes time 
of the patient. Before I am using paper and they are fast when I am 
seeing the patients. But now if I click to refresh, if I document the 
medication, I will wait for two or three minutes, sometimes four minutes 
to make any refresh. This is the most disadvantage, it is slow. They told 
us it is from the internet of the hospital”.  
                                       (KAUH 002; in house officer, internal medicine.) 
 
“I can remember many times when we have a busy clinic and the system 
is slow it will disturb your whole clinic”.  
                                                  (KKUH 007; consultant, rheumatologist.) 

 
 “If I was writing my notes in a paper based form I would actually draw 
that region and mark it, like for instance pain, an area of pain or rash, the 
diameter, the shape of the rash, so that when I follow it up I actually know 
what I am talking about. Unfortunately, the system here does not have 
graphs”.  
                                      (KKUH 020; consultant, women’s sexual health.) 
 

Physicians also spoke of how their interactions with patients differed after 

implementation of CPOE, and on patient acceptability of the fact that they no longer 

receive a paper with their prescriptions on it. 

“Initially yes, because in psychiatry I must show that connection, we have 
to keep or maintain eye contact (with the patient) as much as possible. 
And I remember when I started here, I used to apologise to patient, I say 
‘Sorry I’m not keeping an eye contact with you because I need to log on 
to your file on the computer (…) to check your investigations’.  People do 
understand now I tell them why I do that when initially I log in, I apologise 
that I need a couple of minutes to go through your file”.  
                                                        (KKUH 016; consultant, psychiatrist.) 
 
 “Sometimes the only difference between handwritten (and CPOE) is 
patient acceptability. Sometimes they are old patients (…), they still want 
the handwritten one.  The younger generation they do not really ask, if 
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they say anything, we tell them the prescription is in the system, they just 
accept the fact that everything is in the system. I don’t think there are any 
advantages per se to the paper-based system, but some of the patients 
are still used to it and ask for it, that’s all”.           
                                                      (KKUH 004; consultant, cardiologist.) 
 

5.4.2.3.2 Building familiarity with the system 
It was interesting to see how the familiarity of physicians with the system grew as 

time went by. The interviews and data collection commenced almost three years 

after system implementation, and there were some physicians who could give an 

account of the circumstances at the beginning, and how it affected all members of 

the healthcare team. Other participants spoke of the fact that they had to accept the 

system because there was no longer the other option to prescribe medications for 

patients by using paper-based prescribing: 

“Initially, really, it was…. We were fighting with the nurses; we get irritated 
because it was still new to us. So, both of us, the nurses and the doctors 
have difficulty. Sometimes, it does not come in their system, in their 
account, initially I hated it. But after some time, when you realise that it 
is better, or maybe we have come to accept that it is here for good. So, 
we have no choice”.  
                                                                 (KKUH 013; consultant PICU.) 
 

When asked by the interviewer how much time had passed before familiarity with 

CPOE and CDSS was acquired, the same physician replied: 

“Maybe four, five months I think (…) we had these super users, as we 
call it, some nurses who got trained by this company who did this for us, 
so they helped us also a lot”.  
                                                                 (KKUH 013; consultant, PICU.) 
 
“For sure it happens, I think took maybe six months or eight months to 
realise and to find out the difficulties, to find out what you want, you didn’t 
want, what’s easy for you, what’s the difference between inpatient and 
outpatient that you like to appear in the system, what are the restrictions 
you need, what are the restrictions you don’t need.  So, it took long time 
especially with a huge hospital like this and it was a big shift within few 
days, to shift from non-electronic paperwork prescribing to electronic 
system (….) but it was a great move”.  
                                                        (KKUH 019; consultant, geriatrician.)   
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The physicians discussed that the advantages and disadvantages of CPOE and 

CDSS became apparent as time went by, and some physicians acknowledged that 

there was a natural learning curve to getting adjusted to the system. 

“With time and practice”.  
                                       (KAUH 003; in house officer, internal medicine.) 
 
“With time…with time.  At first we didn’t notice the difference or the 
advantage or disadvantage by the time we practice it is ok”.  
                                    (KAUH 004; in house officer, general practitioner.) 
 
“When I start the system its time consuming. I would spend maybe 20 
minutes with the patients to fill their medications. However, with time, it 
takes me (snaps fingers for effect) quick, in filling the medications 
because I know, I am used to typing most of my common medications”.  
                                                   (KKUH 001; consultant endocrinologist.) 
 
“I understand the first couple of months there was a learning curve 
everybody hated it, but as they improved their skills and they began to 
understand and get the hang of it and they liked it”.  
                                              (KAUH KKUH; consultant endocrinologist.) 
  
“It took time, for sure, till I get used to the system. I needed time to get 
used to the system and know how to use it properly. Also, it takes time 
the spelling of the medication itself, it takes time to know the proper 
spelling. You know doctor handwriting the pharmacist has to work it out”.  
                                                    (KKUH 006; consultant surgeon, CCU.) 
 
 “Our system is really simple and easy to access; it is not a complicated 
one. And it does not take time. I think after the first one month maybe; 
I’m really satisfied with the system”. 
                                                  (KKUH 008; consultant family physician.) 

 

6.4.2.3.3 Effort put into prescribing medications by computer  
The physicians spoke of the effort of prescribing by computers and updating the 

EHR rather than updating paper files, and the amount of time finding patient related 

information consumed in the paper-based files. The physicians spoke of how they 

did not need to be by the physical bedside to prescribe medications for patients, 

whereas with paper-based prescribing of medications they would need the actual 

paper-files patients to prescribe medication for them, and this was especially 

relevant for surgeons for example, who might have post-operative patients 
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recovering in the ICU or on the different wards. A physician explained that some 

effort was involved in finding ways to work-around and adapt to the system. 

“For example, I have a clinic on Monday afternoon, it goes from one 
o’clock till four, or five o’clock. In the old days when we used to use the 
paper files, the manual files, so the manual files coming in fill in the room, 
I will still be looking at the files, still writing notes, so we are all still be 
using time on the files.  Now probably I would have used more time on 
the paper file because find to the page, to go and review medications, to 
reconcile medications, it takes a lot of the time in the paper much rather 
than the computer”.  
                                                        (KKUH 016; consultant, psychiatrist.) 

 

“It is worthy”.  
                                       (KAUH 003; in house officer, internal medicine.) 
 
“I think it is much easier especially as compared to the old days when 
you must review a medication for each patient you have to go to the 
room, you have to go to the patient to see the file. But this day in age 
when you have a computer, you can review the whole thing, while you 
are sitting in the same place. Overall, it’s easier because you know the 
time spent in going from patient to patient and we are a big hospital, so 
we have different buildings. (…) Now, from your setting you can see all 
the medications (of the patient), in any area of the hospital.  
                                                        (KKUH 009; fellow, surgeon in CCU.) 

5.4.2.2 System functions 
Three main themes that described system functions were identified as follows: 

• Processes undertaken by physicians using current computerised physician 

order entry system to prescribe medications  

• Comparison of current CPOE system with CPOE system in another 

establishment. 

• Using CDSS.  

5.4.2.2.1 Processes undertaken by physicians to order medications 

using computerised physician order entry 
As described in chapter four, physicians use their passwords log in to the ESiHI 

system and the content visible is adapted according to the practitioner’s role, and 

they prescribe medications for their patients by accessing the patient’s EHR and 
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medical file. The participants were encouraged to describe how they use CPOE to 

order medications for their patients. The amount of details physicians used to 

describe their process of using CPOE to prescribe medications varied. Physicians 

who prescribed in more than one setting of KSUMC could provide insight on their 

experiences in the inpatient or outpatient departments for medication prescribing. 

The physicians spoke of internet connectivity issues, lagging system and the effect 

this had on the process of prescribing medications for patients. 

“I go to orders, click the add button and type the name of the medication. 
Once you find it, click on it and then pick the dose, the exact frequency 
of the dose, for exact amount of duration, the dose formulation and then 
if you have any suggestions for the dose like extra additional instructions.  
And then if you need refills or not (...) And you have to flip to the other 
page where you indicate the diagnosis and then you have to sign”.  
                                                 (KKUH 010; consultant, endocrinologist.) 
 
 
“Sometimes the system hangs on (…) And usually there is a delay in the 
system (…) So, it takes time to download all of the available 
medications.”  
                                                   (KKUH 001; consultant endocrinologist.) 
 

 
Some physicians spoke of the process of ordering medications as it was entered in 

the system and how the order was processed by other members of the health care 

team. While going over the process of prescribing, some participants spoke about 

access to the ESiHi system, and the patient’s information on the EHR. They also 

spoke of the information on past medications accessible through the system, and 

the benefits this knowledge had on prescribing future medications for patients. As 

described in chapter one section 1.8 KAUH and KKUH are both part of KSUMC 

and the ESiHi system is unified. The procedure to prescribe medications is the same 

in KKUH and KAUH. When asked by the interviewer if there are any differences 

between the inpatient and the outpatient department? The physician replied: 

“No. Same process. No difference like I will choose the patient and then 
I will pick the order and I will submit it.”  
                                                  (KKUH 007; consultant, rheumatologist). 
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When a physician prescribes medication for a patient in the outpatient setting, the 

patient goes personally to the outpatient pharmacy to receive it. When a physician 

prescribes medication for a patient in the inpatient wards, the pharmacists prepare 

the medication and it is delivered to the wards by porters. The consultation provided 

by pharmacist at the outpatient pharmacy was mentioned to be like a reaffirmation 

of instructions for the patient and beneficial to increase medication adherence, and 

this is described in the next quote by a consultant family physician: 

“We put the orders, and then those automatically pop up in the 
reconciliation also. So, it is easy for us because some patients have like 
I said polypharmacy. Then the patient goes to the pharmacy, and collects 
the medications, the pharmacist again gives them again instruction how 
to take the medications, while dispensing. So, it’s really good for the 
patient because he will have a clear-cut idea what and when to take it”. 
                                              (KAUH 001; consultant, family physician).  
 

Some physicians spoke of the need to check with other references for medication 

related information. This could be due to perceived mistrust of the information 

provided by the system as not being reliable, or due to not being able to access the 

needed clinical information from the ESiHi system. Checking doses was especially 

important for HCP prescribing medications for critically ill patients, for example in 

the paediatric intensive care unit (PICU), or the critical care unit (CCU). 

‘It’s difficult because it depends on what I’m doing. If I am dealing with a 
complex patient and I have questions that I have to really refer to my 
phone.  I won’t really have the information that I would need on the 
system at that time.” 
                                                  (KKUH 010; consultant, endocrinologist). 
 
“It helps at least when I give the dose then we will check with (.…) we 
have this booklet from the pharmacy, they gave us with the dosing, 
maximum, so we try to check it, it helps.”  
                                                              (KKUH 013; consultant in PICU). 
 

Some physicians described that they developed tricks or ways to ‘work-around’ the 

system and its functions. The Meriam-Webster dictionary defines ‘work-around’ as: 

 
 “A plan or method to circumvent a problem (as in computer software) 
without eliminating it”. 
                                                            (Merriam-Webster, 2019b). 
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These ‘work-arounds’ were processes or behaviours the physicians adopted after 

using the CPOE system for some time, even if they were not an official part of 

teaching or training received from the hospital.  

“But you will learn anyway, you will end up learning either the easy way 
or the hard way, eventually (….)  And I know tricks, I know how things 
done, sometimes I have learned myself many things that the other people 
do not know.”                                    
                                                       (KKUH 016; consultant, psychiatrist.) 
 
“We were having a lot of those issues but then we started finding ways 
to make it work”. 
                                                        (KKUH 004; consultant, cardiologist). 

 

5.4.2.2.2 Comparison of current CPOE systems with CPOE in other 

establishment computerised system elsewhere 
Not all the physicians had previous experience with CPOE in other institutions, some 

did and noted differences in the implemented systems between different healthcare 

institutions. In general, the physicians who had experience using CPOE at another 

institution spoke negatively about the system in KSUMC, mentioning that the system 

in KSUMC is time consuming, complicated to use and lacked user friendliness. 

“The system the way we have it here, it takes long time and if I’m 
prescribing 15 medications (……). So, I still do not know for a way that 
have the whole medication list and then we just click renew or 
discontinue. It does not always work on the system.  But this is a limitation 
of the system they chose. The one I worked with differently in another 
places, they have this feature, so it is more intuitive”.  
                                              (KAUH KKUH; consultant endocrinologist.) 
 
“Also, the user friendliness, like it was very user friendly there (referring 
to the hospital during training in another country).  It was intuitive, you 
sort of ‘ok I click here it will come up,’ and it does.  Here (referring to 
KSUMC) it is not. It’s very…there’s one pathway in one detail 
complicated pathway and that’s it.  There (referring to hospital during 
training in another country), there seems to be different ways to get to 
something, which is good because we cannot all remember just one way, 
people are different”.    
                                      (KKUH 020; consultant, women’s sexual health.) 
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The physicians also compared the hardware available in other institutions to 

KSUMC, mentioning that are often there not enough computers on the inpatient 

wards, which would lead to difficulty of completion of tasks and frustration of 

physicians. 

“For example, the mobile one we can use either mobile on wheels, 
computer on wheels. Or we can use the iPad system for example. This 
what I use in other hospital, that is why I’m comparing in my internal mind. 
This is better in my opinion than the fixed laptop or I mean the fixed 
computer, the desktop”.  
                                                          (KKUH 002; consultant, oncologist.) 
 
“We don’t the luxury of having these mobile units, so we have two, three 
laptops or few desktops at the nurses’ station.  Everybody is fighting over 
it. If somebody (…) stays a long time on the computer because he is not 
familiar with it, he wastes a lot of time, (…) he gets frustrated”.  
                                                            (KKUH 009; fellow, surgeon CCU.) 

 

5.4.2.2.3 Using CDSS  
Question number nine and questions eleven up to twenty of the interview schedule 

(pages 142-145) were about the use of CDSS. The physicians spoke of what the 

advantages and disadvantages of the medication related alerts were in their 

opinions, how they handle alerts, and whether the alerts to check the doses were 

effective for their practice or not effective. A direct question on the interview 

schedule was to ask if the participants have noticed that the number of dose range 

alerts have increased as time has gone by. The aim of that question was to find out 

if practitioners had noticed that the dose range alert activated for more medications 

and if this was relevant and affected their practice in any way. Clinical pharmacists 

at KSUMC checked the information for generation of ‘dose range’ alerts for 

medications as mentioned in chapter one section 1.5 (this is a home-grown feature 

of the CDSS system). Regarding alert handling and overriding alerts, physicians 

described their reduced sensitivity to alerts as time went by, and that this could have 

led to overriding more important alerts, a phenomenon described in the literature as 

‘alert fatigue’ (van der Sijs et al., 2006). Reasons for overriding alerts included less 

time to consider the alert during the consultation with the patient, familiarity with the 

patient’s medications, and prescribing for the follow up patient was more of a routine 
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activity. Physicians stated that while it is important to enter the reason for overriding 

alerts, they do not do so because it is time consuming. Physicians spoke of the 

alerts popping up even if it was not necessary and the risk of the interaction was 

minimal, making the alert irrelevant or annoying. This was especially true for ‘drug 

duplicate’ alerts. The physicians were asked what percent of alerts they perceived 

themselves to override and this question was important to correlate their perceptions 

of their behaviour with the numbers of high alert override rates calculated and 

depicted in chapter four, as mentioned that the alert type ‘drug duplicate’ was 

overridden the most, in a percentage of more than 90.0%. One physician also 

expressed concern that the alerts and dosage suggestions would ‘inhibit mental 

progress’, meaning ‘stop thinking for ourselves and relying on computers instead, 

and leading to inhibition of clinical critical thinking skills.’ 

 
“I think the issue that you get when you get too many of these alerts or 
pop-ups, you get desensitised, and when you get desensitised of 
something, it means nothing to you, just like a child being reminded about 
something all the time, on and on again.  Eventually it does not mean 
anything to the child because the sensitivity of the thing has gone, it is 
lost”.  
                                                        (KKUH 016; consultant psychiatrist.) 
 
“Yes, sometimes too many alerts and sometimes the alert comes with 
drugs we are always using and no harm…minimal harm can happen, so 
it is coming also”.  
                                        (KAUH 003; in house officer internal medicine.) 
 
“This type of technology will block our mental progress (…) They may 
block our background to build up our experience. That is what I do 
believe, the computer should not think instead of us”.  
                                                 (KKUH 008; consultant, family physician.)  

 
 

When asked out of one hundred alerts how many alerts they thought they would 

accept, physicians answered from around 1.0%, others answered they would accept 

around 25.0% to 35.0%. Some physicians noted their handling of an alert would 

depend on their familiarity with the patient, or on the alert type, or on the specific 

medication causing the medication related alert generation.  
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“For the patients are revisiting us, frequently, it's like routine for them. But 
for the patients who are new or I'm seeing for the first time and entering 
the medication for the first time, (…), I think from, if I do a hundred alerts, 
then maybe twenty-five to thirty percent I will actually go and revise the 
whole thing, depending on patient and the situation”.  
                                                         (KKUH 004; consultant cardiologist.) 
 
“Maybe I will accept one percent.”  
                                              (KKUH 005; in house officer dermatologist.) 

 
“It depends on what the alert is about (…) in the end we are just looking 
for the patient’s safety”.  
                           (KKUH 012; consultant cardiologist and aortic surgeon.) 
 

Medication related alerts were discussed as being clinically useful, but different 

types of the alerts were more useful than others. Some drug-interaction alerts were 

mentioned to be alerts for non-significant interactions, that perhaps there is 

theoretical significance but are not clinically relevant. The drug-duplicate alerts were 

mentioned as being irrelevant to their clinical needs and were dealt with by 

overriding. Some physicians would for example remove the older order for the 

medication, as the presence of two identical orders triggers the drug duplicate alert. 

 
“Some very basic drug alerts, like you prescribe a multivitamin 
sometimes it shows ‘vitamin C’ is already being taken by the patient, and 
you prescribe a multivitamin it shows the alert. Like, the patient is already 
on vitamin, and the next visit he is prescribed a vitamin. So, it shows 
alert, why are you giving two drugs which has the same. But basic things 
we override”.  
                                                   (KAUH 001 consultant family physician.) 
 
“Yes, sometimes non-significant interactions. Like we used to use it for 
years and there is no clear interaction but the system maybe 
overestimating that interaction (….) Every time you prescribe there is 
interaction, so you say override, override and override”.  
                                                   (KKUH 007; consultant rheumatologist.) 
 
“This is from theory point of view but from the practical point of view I saw 
in our system that a lot of alerts which is available (…) I don’t take most 
of their suggestions. Because I do not think it is relevant, I don’t know 
why; it is not helpful to me”.  
                                                 (KKUH 008; consultant family physician.) 
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“Sometimes like for duplicates, the system will only give you one option 
which is removing your new order, which is really not helpful.  So, I just 
dismiss that alert, and then I go and find the order that is flagged as 
duplicate from my order and then I mark it as complete.  Or I void the 
order. The old order because it is not applicable anymore and the patient 
had run out of refills and supplies. So, it is just sitting in the system, 
creating trouble. It is not really a valid order anymore.  So, I just sign my 
order, finish it and then I go there, and I void it or complete it”.  
                                                   (KKUH 010; consultant endocrinologist.) 

 

 Regarding allergy alerts, participant physicians mentioned them to be useful and 

favourable. 

“Maybe the patient is allergic to this medicine and we write (meaning 
prescribe) this medicine. Yes, this is very nice to give us the alert”.  
                                       (KAUH 002; in house officer, internal medicine.) 
 
“Sometimes because patient has allergy and the alert system will pop-
up. All of these are vital (…) as a junior it is very important because if you 
go on and give the patients the wrong medication or something, 
complications will happen.  It will help avoid complications definitely”.  
                                               (KKUH 011; in house officer, obstetrician.) 
 
“Well, the advantages, I would assume that it is safer because you know 
first for allergies”.  
                                                                     (KKUH 009; surgeon, CCU.)   
 

Behaviour has changed as time has gone by. Some physicians described that alert 

fatigue has developed over time, while other physicians described the necessity to 

learn to type quickly on keyboard. Other physicians discussed how the appearance 

of alerts urged to make them to double check their prescription, for example check 

their prescribed dose. It was interesting that some physicians compared the dosage 

or medication related advice to the presence of a clinical pharmacist. 

“Maybe one time you will override a real drug interaction”.  
                                                   (KKUH 007; consultant rheumatologist.) 
 
“Initially when I tried to start using the system, I would really take it 
seriously and read every sentence (of the alert) and why they want it.  I 
could not manage, the patient should have these two medications, what 
can then override this (…) When it came for the second time, for the third 
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time, and fourth time, after that I take it as strategy.  I do not take care of 
these alerts a lot”.  
                                                  (KKUH 008; consultant family physician.)  
 
“This is striking me, I wasn’t aware of it, that I’m slow, I have to change 
it. But it strikes me that I must change to follow the patients, because I 
am covering here alone, (….) that I must type quickly. To follow up the 
patients”.  
                                              (KKUH 005; in house officer dermatologist.) 
 
“Some advantages are that you tend to recheck, if you gave the correct 
dose, or not. It has an advantage, it makes you think, twice. It will help 
the pharmacist, because sometimes, the pharmacist is more active, they 
will call you if you give a wrong dose (….) At least they are also aware 
that we are giving the wrong dose or under-dose or overdose”.  
                                                                (KKUH 013; consultant PICU.) 

 

“I think the most important thing (…) because we do not always have 
physical clinical pharmacist with us. The fact to have (…) and to verify 
the prescription, the doses, the body surface area and all these issues. 
                                                            (KKUH 002; consultant oncologist) 
 

As previously described in chapter four (section 4.3.5 and section 4.4.2.2), 

physicians were prompted by the appearance of the pull-down menu to choose a 

reason for overriding the alert; after the pull-down menu they had the option to enter 

free text the reason or justification for their decision to override the displayed alert. 

As reported in chapter four approximately 37% (n = 1,082,733) of alerts were 

overridden without a reason being selected from the pull- down menu and the 

reasons for overriding were documented as free text for only 13,534 overridden 

alerts, of which for 67.7% (n = 9,158) alerts the reason entered was “non-sensical 

characters”. During the interview, physicians talked about the importance of 

communication with pharmacists about the overridden alert, and the need to explain 

to pharmacists their reason for overriding an alert. The physicians also expressed 

their doubt about whether there was an audit carried out about the reasons entered 

for overriding alerts, and if they were reviewed by the hospital administration (and 

taken into consideration or not) and that entering the reason for overriding a 

medication related alert is a task they would do believe is useful in theory but they 

have not seen actual benefits and therefore have stopped. 
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“Unless someone is reviewing your override or reviewing your reason, I 
think it is waste of time”.  
                                                   (KKUH 007; consultant rheumatologist.) 
 
“Honestly, I feel that (…) for a time I was even thinking are they really 
checking this (…) the reason why, or just because the system has this.  I 
was thinking is there someone checking on those?” 
                                                                  (KKUH 013; consultant PICU.)  
  
“I used to be good and then there’s a drop list (…) ’why you want to 
override it’?  I used to do it, but then I got tired as well so now I just can 
get through this alert.  And really, I do not show most respect to them 
(the medication related alerts) because they keep coming”.  
                                                        (KKUH 016; consultant psychiatrist.) 
 
 

Physicians also spoke of the importance of documentation of the reason for 

overriding alerts especially regarding drug duplicate alerts or in the instance a drug 

was discontinued, to clarify decisions.  

“No, it is not waste of time but if we put the reason why discontinue this 
medicine, there is benefit from it.  We can know why he discontinue (…) 
so I will not put it again.  Yes, it is good to write the reason, but to make 
it mandatory if you discontinue medicine, write the reason why”?  
                                       (KAUH 002; in house officer, internal medicine.) 

 
 

5.4.2.4 Organisational context 
Three main themes describing the organisational context were identified: 

• Policy issues brought up by participants 

• Suggestions for improving the experience of using CPOE 

• Training received at the beginning of implementation of CPOE or 

employment of physician 

5.4.2.4.1 Policy issues brought up by participants 
When discussing advantages and disadvantages of using CPOE, physicians also 

spoke of the policies relevant to prescribing medications. One such policy was put 

in place in early 2018 from the MOH regarding antibiotics. The policy stated that 

antibiotics could not be dispensed without a prescription. While some policies were 
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from the MOH, other policies were specific to KSUMC. In KSUMC specific antibiotics 

were classified to be prescribed by infectious disease consultants only. Physicians 

believed that using CPOE system created obstacles to work around these policies, 

which were in place regardless the paper-based system was used or CPOE. There 

were also KSUMC policies regarding formulary medication, and the pharmacy 

setting it is to be dispensed from. For example, some medications are restricted to 

be dispensed from the inpatient pharmacy only, therefore, a physician prescribing 

from an outpatient clinic would not be authorised to prescribe certain medications. 

Some medications are available as part of formulary medications but then become 

out of stock, or unavailable. This however does not appear to the physicians while 

they are prescribing. This is the context of policies the physicians refer to.    

“Even for simpler medications which previously we used to prescribe it 
as I said about ‘ciprofloxacin’. The medications were just prescribed over 
the counter also. But now, they made this very strict with regards to 
antibiotics, the anti-epileptics the psychiatric medications. These all have 
been made into high alert. Just to make sure are we prescribing it in a 
right way, to a right person, right dosage. So, in a way it’s a good thing.”.  
                                                (KAUH 001; consultant, family medicine.) 
 

It was part of policies at KSUMC to write the diagnosis of the patient even when 

paper-based prescribing was active. When CPOE was activated, the physician had 

to enter the diagnosis one time during the process of prescribing medications. 

However, in the beginning of 2018 a new policy was introduced in KSUMC 

mandating the entry of the patient’s diagnosis for each medication prescribed 

(hence if a patient needed two medications for the same clinical indication, the 

diagnosis would need to be entered twice, once for each medication). 

“We have to enter for each medication the diagnosis. Even if it is simple 
moisturiser cream, I must enter diagnosis (….) Actually, the handwritten, 
I will write it over one sheet, with one diagnosis, one signature”.  
                                             (KKUH 005; in house officer, dermatologist.) 
 
“This is one of the things, that what all the patients want to refilled 
because the system I think gives a maximum of three months and cannot 
give prescriptions more than that and I don’t know if the system will allow 
you to give a refill even though”.  
                                                  (KKUH 012; consultant, aortic surgeon.) 
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5.4.2.4.2 Training received at the beginning of implementation or 

employment of physician   
As described in chapter four, there was training offered to staff prior to 

implementation of CPOE. There was also training offered for physicians who came 

to join KSUMC after the implementation had been initiated. Regarding the training 

received, some physicians believed it helped increase their confidence to use the 

system. Other physicians thought the attended training was boring and waste of 

their time, that it was not useful nor relevant because the session was as one size 

fits all, not according to specialties of the practitioners in attendance.  

“Yes, we received the training. All of us received the training.  So, after 
that we got more confident in using (CPOE)”.  
                                                             (KKUH 013; consultant, in PICU.) 
 
“And then the training, part of that was a training package so you would 
have gone through half day training, workshop. These people are 
considered experts on this, but the training was very much short of the 
actual needs. (…) I was not impressed”.  
                                                       (KKUH 016; consultant, psychiatrist.)  
  
“So, when I first started work, I did a workshop like that and it was a whole 
day or a day and a half.  It was not useful because the person giving the 
workshop was a nurse, and she was talking about the system from a 
nurse’s perspective.  I think clumping all different practitioners with one 
speaker might not be a good approach.  I think maybe categorising them 
into; like say nurses, physiotherapists, physicians and giving them their 
lecture based on their needs, would be valuable, yes.  If it is done that 
way, then I would attend.  But if it was the same as what I have already 
taken, it was a waste of time”.                                         
                                      (KKUH 020; consultant, women’s sexual health.) 
 
“Because when you first join the hospital you must do this mandatory 
workshop at least one, two hours and it was boring”.  
                                                (KKUH 011; in house officer, obstetrician.) 
 
“Yeah, I did once, because I used the system at Prince Mohammad bin 
Abdulaziz hospital. I came here, they gave me another session, so no it 
was not a waste of time. I learnt new things in the system”.  
                                                    (KKUH 006; consultant, surgeon CCU.) 
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5.4.2.4.3 Suggestions to improve the experience of using CPOE 

The question about suggestions to improve CPOE came towards the end of the 

interview and after the advantages and disadvantages were discussed, the 

physicians were eager to suggest how CPOE could be improved. A younger 

physician suggested that it be touch screen instead of using the keyboard (as a 

method of input of text and information) and spoke about the need to practice typing 

on a keyboard to become efficient (faster typing) as the clinic had many patients. 

Another suggestion involved the physicians’ recommendation that the system was 

linked to pharmacy stores, so that if a formulary medication was unavailable or out 

of stock, the system would have features to alert the physicians and make them 

aware of this fact, and suggested red colour to indicate that the medication was 

unavailable in stock, while green would indicate that the medication is available 

Other physicians wished for different levels of alerts, for example medication alerts 

for minor drug interactions being different from medication related alerts for 

significant drug interactions. Another physician suggested the alerts to be displayed 

in red colour, to signify the importance. The phrase ‘make it easier’ came up while 

some physicians said a reduction in the appearance of irrelevant alerts would lead 

to improved experience using CPOE. The physicians also stated that entering the 

reason for overriding an alert should be mandatory. Physicians commented that they 

never got feedback on any of their alert handling behaviours. Therefore, they 

suggest feedback on rates of alert handling, reasons of overriding alerts to be 

relayed back to physicians as part of continuing education to encourage improved 

or modified behaviour. Other physicians suggested different methods of training, 

practical sessions were favoured by some physicians while others claimed it is a 

waste of time. Several physicians thought an online link to updates in the CPOE 

system would be preferable to actual attendance of courses.  

“Like if the ESiHi will incorporate information about availability of the 
dosage (forms) in the pharmacy currently, that would be really great. 
Instead of having to call people around and find out”.  
                                                  (KKUH 010; consultant, endocrinologist.) 
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“Yes. I prefer from each department nominate one physician who will 
represent the department for the IT collaboration (…) So, nominate 
people, doing meetings, define problem, and define the acts of action, to 
solve this kind of problem. Because we have daily a lot of problem, but 
the IT people are not strongly aware about that, and the pharmacist they 
do not know that we have this kind of problem because we are calling 
the IT (….) So, we need a kind of group network”.  
                                                          (KKUH 002; consultant, oncologist.) 
 
“If there is red colour appeared when I prescribe the medication that 
means there is no stock in the pharmacy store (…) So I will not prescribe 
this medication. Like, colouring in the medication (display on screen) 
green means available, red unavailable”.  
                                                       (KKUH 017; fellow, family physician.) 
 

A physician practicing in obstetrics-gynaecology department suggested the 

appearance of alerts for teratogenicity when prescribing medication for a pregnant 

patient, instead of needing to call the pharmacy to ask about the teratogenicity of 

medications. 

“So, to improve in general, I think for us teratogenicity is an issue, 
sometimes we need to call the pharmacy”.  
                                                (KKUH 011; in house officer, obstetrician.) 
 

Regarding suggestions about improving training, physicians had suggestions on 

different methods of training delivery, that would have been improved and more 

relevant, tailor-based for specialties and maybe increased acceptability by 

physicians. Practical sessions were suggested, videos as well. Physicians spoke of 

timing constrains, and that video-based training would overcome limitations that lack 

of time. Videos were also mentioned as an appropriate way to inform physicians of 

updates on the system, any new additions, or changes. 

 
“Some of the training that I did in Canada was sent through emails as a 
video, and then with a short question (for practitioners to answer) after it. 
So that was helpful because I did not have to dedicate time out of my 
schedule to go and attend something. So that is sort of one option.  I’d 
say pretty much that’s it. The problem with sending word-based changes 
or education is that visualising its application into the electronic system 
is difficult. However, having a short video of the mouse being clicked 
here, and there, might be more helpful”.  
                                      (KKUH 020; consultant’ women’s sexual health.) 
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“Sometimes emails, newsletters, I feel it’s useless.  (...) they do not even 
open it. (….)  I feel more with the interactions like real lectures, it is better 
for me.  And then if we can also ask questions, I think I is more effective.  
But I do not mind if they give lectures on things like these, especially 
with…like medications and everything, because it is for my own good and 
for the safety also of the patient.  Anything to help the patient, why not”.  
                                                            (KKUH 013; consultant, in PICU.) 
  
“Or let us say once you are requesting the physician regarding the 
updated courses, no one will come to you. But once you link it to their 
contract, I think they will. I would prefer to make it short and very practical, 
because there are many theoretical issues in CPOE, however try to make 
it practical according to each specialty”.  
                                                (KKUH 001; consultant, endocrinologist.) 

 

5.5 Discussion 

5.5.1 Interpretation of findings 
The conduction of these semi-structured interviews allowed the sixth objective of 

this thesis to be achieved. These interviews sought in-depth information on how the 

physicians used CPOE to prescribe medications, perceived advantages, and 

disadvantages of using CPOE and CDSS. During the interviews the physicians to 

had suggestions they believed would make it CPOE more user friendly, improve 

CDSS medication alert generation, and to improve delivery of future training.  

During the interviews the physicians spoke about their perceptions on alerts 

generated, that some of the alerts are clinically irrelevant to their practice, which 

corroborates with the findings of quantitative study (that 95.0% of generated 

medication related alerts were overridden by physicians).  Some physicians 

described their interactions with alerts and said they override alerts after reading 

them, while others described the behaviour as ‘click, click, click’ (signifying the 

action of clicking to override the displayed alert and moving forward with their order) 

without reading the alert. Other physicians said the pattern of their alert handling 

has changed with time and is different from when the system was initially 

implemented. Building familiarity with the system took time; some physicians saying 

it took them about a month, others saying a few months passed before they felt 
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comfortable with the system and realised the advantages and disadvantages of 

using CPOE when compared to paper-based medication prescribing. However long 

it took them to adjust to CPOE, the physicians noted that they would not want to 

revert to paper-based prescribing of medications. This is consistent with the findings 

of Barber and colleagues (2007) who reported  participants developed a more 

positive or ‘balanced view of the system’ as time went by (Barber et al., 2007).  

Regarding comparisons with paper-based prescribing, physicians believed there 

was less medication errors reaching the patient when CPOE was used. Mentioned 

reasons for less errors were that CPOE eliminated the issue of illegible handwriting 

or misreading of a dose with decimal points (as these are issues relevant to 

handwritten paper-based prescriptions). This is consistent with proposed 

advantages of CPOE,  including legibility, a clear audit trail, and allowing provision 

of decision support via CDSS (Bates et al., 1994).   

Relating to using the system and the processes undertaken by physicians to order 

medications using computers an interviewed physician wished that handwritten 

paper-based prescribing of medications provided an opportunity to scribble at the 

bottom of the prescription what alternative medication to dispense if the desired 

prescribed medication or desired dosage form is not available whereas (that is not 

possible in a medication order by CPOE at KSUMC). In the instance of medication 

or dosage form unavailability at the outpatient pharmacy the patient would need to 

go back to the clinic if the prescribed dosages are unavailable, and this was an 

example of how handwritten paper-based prescribing enabled communication in a 

way CPOE currently does not. This communication issue impacted physicians as 

well as patients, as physicians have described. 

Moreover, in relation to system use and processes undertaken during medication 

ordering, obtaining standardised formulary information through CPOE at time of 

prescribing medications could help providers ensure better patient adherence 

(Wang et al., 2009). This could be because patient counselling can be provided by 

the dispensing pharmacists according to the formulations and dosages dispensed. 

Some issues (during CPOE use to order medications) regarding formulary 

management and real time updates of the in-stock availability of medications were 
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also brought up by physicians, and resultant suggestion which could help facilitate 

the process of prescribing was: to present to the physician at the time of prescribing 

the available and in-stock options of medications in the first instance without the 

need for calling the pharmacy or having the patient go to the outpatient pharmacy. 

This presence of information to the prescribing physician on medication availability 

would help overcome the patient’s need to wait at the outpatient pharmacy (on some 

days more than half an hour) only to hear that the medication is not available. The 

patient has the option of going back to the clinic, in hope of seeing the physician 

again and asking for an alternative medication to be prescribed (and therefore 

dispensed from the pharmacy free of charge), or simply buying the medication at 

the patient’s expense from a community pharmacy. However, some medications 

would not be available in any community pharmacy. To name a few examples; 

controlled narcotics, specific hormonal therapy or certain anti-epileptic medications 

would be available for dispensing from hospital pharmacies only (and some 

hospitals stock a wider formulary than others).  

The physicians at KSUMC explained that some effort was involved in finding ways 

to work around the system and to adapt to the system. In a previous KSA cross-

sectional survey on nurses’ perspectives of CPOE impact on their workflow, 

Alsweed and colleagues (2014) reported that nurses who stated that they received 

good quality training were satisfied with their workflow after CPOE implementation 

and perceived that CPOE use reduced medication errors and improved medication 

patient safety. In their evaluation of the medication-use process in the context of 

CPOE use in the Netherlands, Niazkhani and colleagues (2011) identified various 

types of workarounds to be used to address arising difficulties. For example, the 

prescribing physician would need to call the pharmacy to confirm a medication 

prescription, or issue paper-based medication prescriptions (Niazkhani et al., 2011). 

While physicians at KSUMC did report needing to call the inpatient or outpatient 

pharmacy to confirm availability of medication or to clarify a medication prescription 

dosage, issuance of a paper-based medication prescription however is not being a 

workaround feasible in KSUMC as paper-based medication prescriptions are no 

longer valid placed by any prescriber. Mohsin-Shaikh and colleagues (2019) 
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concluded in their systematic review and narrative synthesis that there is a lack of 

consensus within the literature on the impact of EP and CPOE systems on HCP’s 

working practices (Mohsin-Shaikh et al., 2019). In KSUMC physicians described the 

need to come up with ‘tricks’ to facilitate prescribing medications through CPOE and 

save time on the tasks. 

The UTAUT (Venkatesh et al., 2003) suggested that gender, age, experience and 

voluntariness of use moderated the four core constructs (performance expectancy, 

effort expectancy, social influence, and facilitating conditions) are direct 

determinants of behavioural intention and ultimately behaviour. In the data collected 

for this study at KSUMC there were differences (between the younger and older 

physicians) in the perceptions towards the usefulness of CPOE. During this study 

one junior physician suggested that the computer screen be touch screen enabled 

instead of using the keyboard. This same physician explained she needed to 

practise typing on a keyboard to type quickly as the clinic had many patients. 

Physicians with more years of experience complained of the neck pain, sore 

shoulders, and their concerns on eyesight as consequences of sitting in front of the 

computer screen for long time. 

Physicians with experience using CPOE at different establishments in KSA or even 

CPOE in different countries compared their experiences of use. For example, a 

physician suggested that availability of iPads® on the wards would be better than a 

fixed desktop computer station for CPOE access. Another physician in this study 

realised that the same CPOE system was implemented in two different hospitals but 

was used it differently in each site, with one site necessitating the physician to ‘sign 

off’ each aspect of the orders for a patient separately, while another mandated less 

opportunities for the physician to sign and thus was perceived as less complicated. 

Niazkhani and colleagues have found that when CPOE is not accessible by patient 

bedsides physicians usually make changes to patient medication and add 

medications after completion of the ward rounds (Niazkhani et al., 2011). As 

concluded by Fox and colleagues (2019), this underlines the importance not only of 

CPOE system choice and implementation within an organisation, but of  system 

optimisation as well (Fox et al., 2019). The next aspect is related to CPOE use not 
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for medication ordering but documentation of patient history. A physician wished 

there is a free form of drawing in the current CPOE system during documentation of 

patient notes. Communicating orders only by electronic means carries the risk of 

miscommunication of ideas (Niazkhani et al., 2011).    

Regarding CDSS medication related alerts physicians highlighted that drug 

duplicate alerts were ‘annoying’ because the system was not intuitive enough to pick 

up on an old order, but the drug allergy alerts were not annoying they were useful. 

A physician expressed concern that too many medication alerts would ‘block mental 

progress’ adding ‘the computer should not think instead of us’, where in the long run 

physicians would rely on the dosage information from the CDSS system instead of 

their own clinical judgement. 

While physicians received training at the beginning of implementation of CPOE or 

when the joining KSUMC as staff member (as described earlier). Some physicians 

described it as a waste of time and not totally relevant. When asked about future 

training and hospital provision of information to physicians on system updates, 

physicians had suggestions on different methods of training delivery (smaller 

practical sessions, with  tailor-based content according to specialties of participants 

attending, links to videos that could provide updates or changes to the system in the 

form of tutorials for example), in order to increase acceptability by physicians. 

Limited time was stated as an obstacle to attending courses, one physician 

suggested mandating attendance by linking it to physician’s contract. Physicians are 

obliged to attend certain amount of continuing medical education hours a year, as 

part of their certification as physicians to practice in KSA according to the Saudi 

Commission for Health Specialties. Granting the training/updates on CPOE certified 

continuing medical hours would be one way of encouraging attendance. Strategic 

planning of the timing of practical sessions and increasing the availability would also 

be a facilitating factor for physicians to attend. This is explained further in chapter 

six. 

The physicians’ recommendations to improve their experience with CPOE and 

CDSS were concerned with medication related alerts (alert generation as well as 

alert display), policies around medication prescribing and involvement in continuous 
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training. For example, physician’s suggestions to differentiate the way alerts are 

displayed to distinguish an alert of high clinical significance from an alert of less 

clinical significance (to distinguish the display of high-risk medication alerts from 

those medication alerts that carry less potential risk to patients). 

 If some of these suggestions are introduced to stakeholders at the hospital to bring 

to their attention the issues integral to improve the alert generation, the changed 

alert generation will ultimately improve appropriateness of physicians’ response to 

alerts. The physicians have suggested reduction of drug-duplicate alerts and 

proposed that a medication related alert type be introduced regarding teratogenicity 

of medications (for use in pregnant women) be added to the CDSS medication 

related alerts. This would entail updating CDSS to activate more advanced options, 

and this is described in more details in chapter six. Those physicians practising in 

inpatient wards as well as outpatient clinics noticed the increased amount of time it 

took to prescribe medications by CPOE during peak working hours across KSUMC 

hospitals. These were for example times when the outpatient clinics had many 

patients waiting and the CPOE system was experiencing system delays or lags. 

One might argue that increasing activation of medication alerts types would lead to 

alert fatigue, however, optimisation of the right kinds of alerts to the right clinician 

will enhance safety of medications without leading to increased alert fatigue or more 

time using CPOE. 

 

5.5.2 Strengths and limitations 
The strengths of this study are in its design, method of conduction of interviews, and 

researcher familiarity with the setting and local culture. All interviews were 

conducted face to face, which helped the interviewer pick up on facial cues during 

the interview. Physicians practicing diverse specialties in KAUH as well as KKUH 

were recruited to participate in the interviews, one physician practises in both KAUH 

and KKUH. The interview schedule was developed with consideration of five main 

points as described in (section 5.3.2.1). The researcher responsible for conduction 

of all the interviews is part of faculty at college of pharmacy, King Saud University, 

affiliated with KSUMC and is familiar with the hospitals, and their systems. 
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Therefore, the researcher and the physicians are considered colleagues or peers 

as they HCP at the same establishment. As stated by Charles Morecroft and 

colleagues: 

 

“Advantages of peer interviewing include the shared practice context and 
empathy”. (Morecroft et al., 2015)  

 

There has been rich data on the physicians’ perceptions and views towards CPOE 

generated from these interviews, some of which is generic enough to be 

transferable to other tertiary hospitals in Saudi Arabia and the GCC. Another 

strength lies in the review of study data and theme derivation revision by more than 

one researcher. 

Study limitations are that the findings should be examined in context due to the 

sample size, CPOE system used and the stage of implementation before assuming 

generalisability. Another limitation is the snowball sampling used for recruitment, 

could mean that physicians with higher awareness on medication safety issues, 

that cared more about CPOE were willing to give their time and participate. 

Although efforts were taken to consider the validity and reliability of the analysis of 

generated data, it is prone to interviewer bias from the way questions are asked. 

The professional identity of the interviewer could have also had an effect on some 

of the respondents who might have felt they were being judged (Chew-Graham et 

al., 2002). The study could have been improved if other healthcare professionals 

were included and interviewed (for example pharmacists or nurses) or if the 

managerial perspective (pharmacy managers, or IT decision makers) was 

explored. 

5.6 Implications for clinical practice 

The findings of this research have shed light on physicians’ perceptions towards use 

of CPOE and medication related alert handling in KSUMC. Documentation of the 

obstacles faced during use of CPOE and their suggestions to improve their 

experiences with CPOE and CDSS have been important for consideration to 
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develop recommendations to improve medication related generation and alert 

handling. The recommendations also include suggesting development of policies on 

the organisational level, some of which involve training of physicians with potential 

to improve clinical practice. More information can be found in chapter six on the 

implications for clinical practice as well as possible areas for future research work. 

5.7 Conclusion 

In this study, interviews with 25 physicians revealed that they realised the system 

“is here to stay’ and are eager to see improvements made to the system as well as 

improvements in medication related alert generation. Drug duplicates are the types 

of alert they would like to see generated less often. The physicians believe a positive 

consequence of CPOE is that less medication errors reach the patient. Physicians 

suggested seeing more advanced medication related alerts, for example alerts for 

medications inducing teratogenicity in pregnant women. Part of the organisational 

directed initiatives should be to include periodic training for HCP on CPOE and keep 

HCP informed concerning system updates by using different methods (web-based 

training).  The training should include information on how to access the medication 

information resource Multum® that is part of Cerner Millennium 2014®, instead of 

relying in external resources for medication-related information at the point of 

prescribing. An aspect of the training should be dedicated to increase prescribers’ 

awareness on the importance of selecting a reason from the pull-down menu 

regarding the reason for overriding a medication related alert.  Periodic analysis of 

entered or chosen reasons for overriding an alert is encouraged, as is follow up 

analysis after implementation of any system modifications or training workshops. 

This would be helpful to determine training physicians leads to changes in alert 

handling, and if so what aspects of behaviour are modified. Follow up analysis would 

help determine if the altered logic rules for medication related alert generation lead 

to changes in rates of alert generation or in rates of overrides). Finally, provision of 

feedback to physicians on alert handling behaviour (specifying overriding rates of 

different alert types) and documentation of reasons (when overriding) is also 

recommended. Any provision of feedback should not compromise physician or 



182 
 

patient anonymity, nor should the feedback focus on placing blame. The goal of 

provision of feedback should rather be for improvement of future alert handling.  
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Chapter 6: Overall discussion and conclusion 
This chapter begins with section on reflexivity of the researcher.  The next sections 

of the chapter provide more details about the research implications of the findings 

of the systematic review on medication safety in inpatient, outpatient, and primary 

care settings in the GCC (chapter three), and the practice implications as well as 

research implications of the empirical studies in chapters four and five. The chapter 

concludes by discussing the methodology used for the empirical studies, and how 

the main findings interlink together within the adapted framework (Cornford et al., 

1994; Barber et al., 2006; Jani, 2008). This is followed by discussion with details on 

postdoctoral research planned for an observational study on prescribers’ 

interactions with medication related alerts at the point of prescribing on a 

computerised physician order entry system and suggestions for carrying out 

empirical studies needing ethical approval from more than one institution in different 

countries. 

6.1 Reflexivity 

Reflexivity involves reflection on the inherent influence that the researcher brings to 

this type of research (Amin et al., 2020). It is both the positioning of the researcher 

and a systematic approach for the researcher to be attentive to their role in the 

construction of knowledge during each step of the research process (Amin et al., 

2020). 

The researcher entered this PhD with a background of experience, both personal 

and professional, including beliefs and world views (as described in section 2.3).  

The researcher is familiar with KKUH, having undertaken some undergraduate and 

postgraduate training there and is currently a lecturer (faculty member) in the college 

of pharmacy at King Saud University, the university affiliated with KSUMC. This 

background of experiences in KKUH would inherently bring some preconceptions 

to the research, including deeper insights and ultimately possible biases. Regarding 

the quantitative arm, collection of data and the process of producing the 

retrospective reports for alert generation helped the researcher become familiar with 
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the data and the terminology involved in medication related CDSS alerts. Regarding 

the qualitative arm, the deeper insights gained during the preceding quantitative arm 

helped during the development of the research and designing the interview 

schedule. The involvement of external PhD supervisors Professor Bryony Dean 

Franklin and Professor Jane Portlock throughout the research process (their 

encouragement of the researcher to keep effective records, as well as regular 

discussions of the findings at early as well as later stages), helped the researcher 

in the development of interpretations and linking the results together. 

The sources of personal interest could inherently be the fact that researcher was 

studying for her PhD. This was stated in the participant information sheet and made 

known to the participants when the interviews were conducted, the researcher was 

clearly wearing her KKUH photo identification badge that allowed her access 

through the perimeters of the hospital. Based on the researcher’s pharmacy 

education background and clinical experience she was familiar with the terminology 

the participants would use regarding details of the CPOE and CDSS systems during 

interviews. The interviews were conducted in English language and the participants 

were aware of this before they began. If the participants did say a word in Arabic 

the researcher would clarify, in English, what it was they wanted to say, and when 

the participant was satisfied the meaning of what they wanted to say was conveyed, 

they would move on to the next part of the interview. This was to ensure that the 

during transcription the researcher would be able to understand what the participant 

wanted to convey. This was all part of the researchers constant ongoing personal 

reflective process throughout this research. 

6.2 Systematic review on medication safety in 

inpatient, outpatient, and primary care settings in the 

Gulf Cooperation Council.  

Overall, the results of this review study have shown that the majority of GCC 

literature on safety of medication use is from KSA. The literature on ME in the GCC 

uses a diverse range of definitions, denominators and methods of error 
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identification. This diversity has made highlights the need to attempt to unify GCC 

terminology related to ME and ADEs and report and analysing ME data in a 

standardised and structured way. An understanding of current patient harm is 

essential towards the development of recommendations for interventions towards 

improved medication safety. While one may argue ‘one size fits all’ is not essential 

for all purposes, in this context developing unified definitions is the first step towards 

standardised evaluation of the safety of medication use in the region and 

development of recommendations that can be adapted for use in these neighbouring 

countries of the GCC. Of the 54 studies included in the review, 43 studies were 

descriptive while 11 studies were experimental in nature in evaluating an 

intervention of some kind. Generally, ME research is increasing in the region, but 

future studies could be improved in design regarding reporting of sample size 

calculations, calculation of relationships between variables and any statistical 

differences (statistically significant difference or those that were not statistically 

significant) to provide wider impact and a clearer rationale. The validity and reliability 

of data collection techniques in future studies of ME in the region could also be 

described in more details, as one of the findings of this systematic review was that 

validity and reliability were inconsistently reported across included studies. The 

transparency of methods reporting is also encouraged to facilitate reproducing the 

study in another country within the GCC and relate generalisability or transferability 

of the findings and lessons learnt. Other implications for future research are to place 

more emphasis on research of MEs in the community pharmacy setting as only one 

study conducted in the community pharmacy setting met inclusion criteria and was 

included in the review.  

 Enhancing current understanding of patient behaviour and medicine management, 

necessitates a different approach to scholarly inquiry. None of the studies included 

in the review had a qualitative research design, and the development of research 

questions that are answered by qualitative methods designs is also justified to 

increase the knowledge and evidence in the GCC regarding ME.  In studies of 

voluntary reporting, the hospital culture and environment must be considered. 

Furthermore, these reported numbers are an underrepresentation of reality as data 
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from rural areas has not been reported, perhaps implementation of incentive 

scheme for ME reporting in rural health areas should be explored and integrated 

with reporting systems nationwide and even across the GCC. Such incentives could 

be to guarantee the  confidentiality of reporter, and ease of use of the reporting 

system (Clarke, 2006).  

The findings of this review suggest that the research on safety of medication use in 

GCC region could be improved. Implications of the systematic review towards policy 

encourage development of specific action plans backed by the appropriate health 

regulatory agencies including (but not limited to) increased research in community 

pharmacy settings. After this peer reviewed systematic review was accepted for 

publication and available online an exploration of physicians’ perceived causes of 

prescribing errors in KSA hospitals was published, the authors of which concluded 

that one of the key issues identified was lack of computerised prescribing systems 

(Al-Fageh et al., 2018). This was a qualitative exploration and is one of several 

recently published qualitative explorations on medication safety and medication 

errors in KSA, reporting novel and relevant findings. 

 

6.3 Assessment of computerised prescriber order 

entry and clinical decision support system alerts in 

King Saud University medical city 

From the findings of the study described in chapter four we can draw some 

conclusions on the use of CPOE and CDSS in KSUMC. This section will discuss 

some of the conclusions and their implications for practice and for future research 

in KSUMC and other institutions of KSA.  

6.3.1 Discussion of the conclusions of the assessment of 

computerised prescriber order entry and clinical decision 

support system alerts in King Saud University medical city 
After retrospective review of the system generated reports, the rates of alert 

generation and percentages of alerts overridden were determined. It was found that 
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during the period between June 2015 and December 2017, a total of 5,114,310 

medications were prescribed and led to generation of 4,446,730 medication related 

alerts. When comparing the CDSS medication related overriding rates at KSUMC 

with rates reported from institutions in other countries, similarities and differences 

were observed. For example, when compared to international studies from USA  

(Nanji et al., 2014) and from the UK (Jani et al., 2011); in KSUMC the percentage 

of alerts overridden was found to be higher, with 95.2% (4,231,743) of generated 

alerts overridden. The alert type overridden the most was similar in both studies, the 

alert type drug-duplicate. Medication related alert generation was more frequent per 

numbers of medications prescribed, with every 100 medications ordered in the 

outpatient setting generating 323 medication related alerts. The appropriateness of 

alert display and alert override was assessed for a subset of random alerts. 

Regarding appropriateness of alert display, 80.1% (n = 246) of alerts were assessed 

to be displayed appropriately, but this was different according to alert type. All 

assessed egg-allergy alerts (n=40) and G6PD syndrome alerts (n=16) were 

assessed as displayed appropriately, while the vincristine dosage alert had the 

lowest rate of assessed display appropriateness display. Some of the reasons for 

judging the vincristine dosage alert as inappropriately displayed was that the dose 

prescribed was in fact within the therapeutic range for the patient specific case. It 

was found that lower rates of alerts were assessed to be overridden appropriately 

than reported in international literature. The observed rate of 79.5% of alerts (n=244) 

assessed to be overridden appropriately in KSUMC was lower compared to findings 

of a study conducted in Israel (Zenziper Straichman et al., 2017), which reported 

88.6% (n=2600) of assessed alerts as overridden appropriately. In chapter four are 

the details of documentation of reasons for overriding medication related alerts in 

KSUMC, to reiterate; there was poor documentation of clinicians for reasons of 

overriding alerts, whether as selection from the pull-down menu or entry of free text. 

Regarding appropriateness of alert display, 80.1% (n = 246) of alerts were assessed 

to be displayed appropriately, but this was different according to alert type. The 

identification of the issues such as high alert generation rate and high override rate 

and the implications of these findings for improved practice are discussed next. 
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6.3.2 Implications of the findings for improved medication 

related alert generation and improved practice 
High alert generation rate and high override rate and calls for revision improvement 

of the clinical relevance of the generated alerts. 

• Revision of the logarithmic rules responsible for generation medication related 

alerts. 

To improve the generation of medication related alerts, it is advisable to revise the 

logarithmic rules responsible for alert generation (Kubben et al., 2019) . This would 

entail revision of the: 

i- Alert conditions for generation and display 

ii- Alert details displayed upon generation 

iii- Defining the options of actions available to be taken after an alert has been 

displayed to a physician 

 

These proposed revisions would lead to reduction in the large number of clinically 

irrelevant alerts (reducing ‘alert fatigue’) and thus a reduction of the high rate of 

alert overrides.  

i- Alert conditions for generation and display. 

It is important that there be conditions or ‘prerequisites’ set for whether or not a 

medication related alert is to be generated and thus displayed. These are already 

defined and that is what differentiates one alert type from another. The first condition 

would be to confirm that the clinician has reviewed the patient’s EHR. It must be 

noted however that the deletion of information from an EHR however and is part of 

the privileges of staff in charge of IT only.  

Confirmation of and completion of patient the information in the EHR ensures 

spoken with the patient about any allergies (allergies to food, medications or 

environmental factors such as dust) and confirmed the medications on the active 

medication list before prescribing any medications (the active medication list is 
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discussed in further details as the second general condition for alert generation). A 

discussion on allergies should include documentation of the offending agent (for 

example an allergy to food, medication, environmental or animal) and description of 

the type of allergy (for example rash or hives) and severity (mild or moderate or 

severe).  It is understandable that clinicians are remarkably busy, and the nurse 

taking the vital signs (temperature, height, weight, and respiratory rate) could assist 

in this documentation of keeping the EHR up to date and accurate is imperative. 

Ensuring the current weight and height are documented is useful for the alert type 

‘documentation of height and weight’. During the process of ‘documentation of 

height and weight’ alert assessment (as described in section 4.4.3.3) there were 

instances where the height and weight of the patient were documented in the 

patients EHR as part of the physician’s progress notes; but not documented in the 

allocated correct section of the health record and thus the alert was displayed. 

Therefore, the override was assessed to be appropriate because the medication 

was prescribed in a dose within the recommended dose range for the patient, but 

the display was assessed appropriate as well. However, the alert would not have 

been generated and displayed if the EHR accurately was updated frequently with 

the child’s height and weight. This has been suggested in the literature as a measure 

to reduce ME occurrence in children  (Ghaleb et al., 2006).  

The confirmation of the presence of any allergies or diseases will also be beneficial 

for the generation of clinically relevant drug allergy, egg allergy, and G6PD 

syndrome alerts. The ‘new allergy drug’ alert, which is an alert generated after 

documentation of an allergy in the EHR to a prescribed drug is documented, should 

be especially noted to prevent re-prescription of the offending medication. It was 

noticed during the assessment of alert overrides that an allergy would be 

documented in the EHR but the documented notes relevant to the day the 

medication was prescribed would contain information that the patient is not allergic, 

and in the days following no record of any sequala noted. This could be interpreted 

to indicate a mistake during documentation of the allergy. Confirmation of the 

patient’s active medication list is beneficial for the next suggested condition. 
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The patient’s medication list in the EHR are differentiated into an active medication 

list and a past medication list that is no longer active, but the issue remains that 

medication related alerts are generated even if it concerns a medication that is on 

the inactive medication list. The second general condition to be revised for all alerts 

is to consider only the current active patient’s medication list in the EHR, as 

confirmed by the nurse or physician (part of the previous suggested condition). It 

was found that of total 4,446,730 medication related alerts generated, 3,549,736 

(79.8%) were of the drug duplicate type. Of these 3,362,733 alerts were overridden. 

Of total 318,809 drug interaction alerts generated, 310,096 (97.3%) were 

overridden. If the condition of the alert to be generated would be to consider the 

active medication list only, it will reduce the number of drug duplicate alerts and the 

number drug interaction alerts generated.  

The third condition to be revised concerns the dose range alerts. The dose range 

alerts are activated for specific medications and the information is revised by clinical 

pharmacists at KSUMC. The dose-range thresholds for more medications should 

be activated and revised for patients in KSUMC; activation of the dose range alert 

for high alert medications should be prioritised.  and regularly and adjusted to the 

most updated version of therapeutic local guidelines where relevant. High alert 

medications should be prioritised. When reviewing the dose range for a medication 

the dose ranges for rare indications as (well as the common uses should be 

provided.) 

ii- Alert details displayed upon generation. 

Revising the way alert details are displayed upon generation would be beneficial for 

all alert types. It would be especially relevant to the drug interaction alert type. For 

example, an interaction of low severity and low risk of occurring clinically would be 

displayed in a manner that is different from an interaction of higher severity with 

potentially higher risk of occurrence. Another example is display of dose range 

information, highlighting the units of the dose range recommended (whether it is 

micrograms or milligrams or grams, or milliequivalent) for example IV preparations. 
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This highlight or use of a different colour would make it easier for the clinician to 

view on screen (especially if the physician is prescribing in a rush). 

iii- Defining the options of actions available to be taken after a 

medication related alert has been displayed to a physician. 

In KSUMC when a medication related alert is displayed the physician has three 

options as described in section 5.3.2. The first option is to override the alert (and 

thus continue without any changes to the prescribed medication), the second 

option is to cancel the medication order, the third option is to modify the prescribed 

medication. These options are what is known as ‘a soft stop’ (Grissinger, 2016). A 

soft stop provides information to the clinician about a potential problem with the 

medication prescribed. Minimal or no action or acknowledgment of the alert is 

required on part of the user to proceed. The options of actions to be taken after the 

display of an alert can be revised (according to the alert displayed) to what is 

known as ‘hard stop’. A hard stop halts the process of prescribing a medication 

with potential safety or efficacy issues to the patient (Grissinger, 2016). 

Introduction of ‘hard stop’ feature to some alerts in KSUMC is now recommended. 

This is relevant for drug interaction alert and drug allergy alert of specific rating. 

For example, a drug interaction of rating category X (the ratings of drug interactions 

are in Appendix K (page 337). Another suggested option recommended is 

introduction of a feature ‘nearly hard stop’ which may allow continuation of the 

process if significant action is taken by the user, such as requiring the prescriber 

to call the pharmacy to discuss the order or documentation with free text the reason 

for overriding the alert, and unless the free text is documented in the prompted 

window the physician would not be able to continue this prescription. This is 

relevant also for drug allergy alerts of rating category X (the ratings of drug allergies 

interaction categories can be found in Appendix L (page 338).  

This section provided suggestions for revision of the logarithmic rules to abolish 

generation of irrelevant alerts, and instead cause generation of alerts with more 

clinical relevance and usefulness. The next section provides recommendations for 

revision of some policies as well as introducing newer policies regarding use of 
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CPOE and CDSS in KSUMC in the perspective of some of the findings of this 

research. 

6.3.3 Introduction of policies regarding use of CPOE and 

CDSS to prescribe medications in KSUMC 
Policies towards periodic assessment of CPOE use and CDSS medication related 

generation are now needed. For example, a management backed committee can 

be formed to be tasked to oversee and monitor CPOE use and CDSS medication 

related alert generation, a suggested name would be ‘ESiHi committee’. Part of their 

responsibilities would be periodic assessment of medication related alerts. The 

committee members could consist of personnel from the IT department, practising 

research pharmacists and practising physicians as well as nurses, with members of 

this force acting as patients’ advocates. Part of their responsibilities would be to 

monitor any effects system modifications could potentially have by recording pre 

and post data, the findings of this study could be a baseline.  Regular dissemination 

of information to practicing clinicians on CPOE and CDSS should also be part of the 

practices at KSUMC. For example, if several medications that have been activated 

for dose range alerts and their dose ranges revised within guidelines at KSUMC, 

this information should be shared with clinicians. 

Review of policies around training of clinicians towards use of CPOE and CDSS 

system would also be part of the responsibilities of the ESiHi committee, with the 

training tailored towards the ESiHi system in KSUMC as described in further details 

in the next section. The next section summarises the findings of the qualitative study 

chapter five and describes the implications for practice and development of 

recommendations in the perspective of the research conclusions. 
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6.4 An interview study to explore prescribers’ 

perceptions towards utilisation of computerised 

physician order entry and reasons for overriding and 

accepting alerts.  

From the study described in chapter five we can draw some conclusions on the 

perceptions of physician’s towards use of CPOE and CDSS in KSUMC. This section 

will discuss some of the findings of chapter five and their implications for improved 

practice. 

6.4.1 Discussion of the conclusions of the interview study to 

explore prescribers’ perceptions towards utilisation of 

computerised physician order entry and reasons for 

overriding and accepting alerts 
CPOE and CDSS are used by the physicians in KSUMC to prescribe medications 

for their patients, this was the first study to explore their perceptions towards use 

and alert handling. The interviews with prescribers helped increase the 

understanding on the current alert handling practises. The physicians believed that 

use of CPOE to prescribe medications for their patients causes less ME to reach 

the patients, however use of computers to prescribe medications did come with 

some obstacles concerning disruptions in hospital internet connectivity and 

availability of enough computers (in the inpatient wards mainly) from which to 

prescribe medications. The physicians had valuable suggestions to improve their 

experience of using CPOE and CDSS, which are discussed further in the next 

section. 

6.4.2 Implications of the findings for improved medication 

related alert generation and improved practice 
Physicians suggested the CDSS include more types of medication related alerts 

become activated, (for example alerts to be generated for teratogenicity of 
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medications when prescribed for pregnant women).  This alert would be more 

relevant to some physicians than others, and could also be specialised for nursing 

lactating mothers. The advanced drug-pregnancy alerting feature is a category of 

advanced clinical decision support systems. Advanced clinical decision support 

systems should be implemented only after basic decision support is in place and 

working well, with good user acceptance (Kuperman et al., 2007). Another example 

of CDSS feature the physicians expressed would improve their experiences during 

prescription of medication would be to link to the formulary, as ‘formulary decision 

support’ (Kuperman et al., 2007). This is a feature of basic CDSS that has not been 

activated in KSUMC. It is important because it would save time to know (at the point 

of prescribing) if the medication they want to prescribe is a formulary medication or 

not (carried by KSUMC pharmacies), and if it is currently available in stock or if it is 

not. Other physicians suggested differentiating the medication related alerts of 

clinical significance and possible ADE to a patient from a medication related alert of 

lower clinical significance, possibly by the information presented on the screen. This 

agrees with the previously discussed recommendation in section 6.4.2  

A key element in the implementation and ongoing use of a CPOE system is ensuring 

that users are, and remain, sufficiently trained to use the system (Brown et al., 

2017). During the qualitative arm of this research it was found that physicians 

provided insight by suggesting CPOE and CDSS training should be mandatory and 

linked with certified continuing medical education hours, and possibly linked with 

renewal of employment contract. This would involve development and revision of 

policies to mandate training. The physicians also provided suggestions for ways the 

future training could be conducted and provided ideas for increasing chances of 

attendance. These following points can be useful when developing future training 

sessions: 

To increase likelihood of attendance of training, it is important to remember that 

most of the physicians at KSUMC also have teaching responsibilities (KAUH and 

KKUH are teaching hospitals), and thus already have busy scheduled days. 

Therefore, sending a video link followed by an assessment link through email would 
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be a method of disseminating information that the physician can access at his/her 

suitability. An example would be a short video (few minutes duration) to provide 

refresher of facts on CPOE or explain a new updated concept on the CDSS system. 

In the same email would be another link, to a few assessment questions the 

physician must answer that are corrected automatically by the system and the 

physician will know the correct answer. The scores of these frequent assessments 

would be shared with the physician’s department head, as well as the ESiHi 

committee. The content of the short video and assessment could be general 

(relevant to all clinicians) or specific (relevant and useful to a specific clinical 

specialty). An example of a general video tutorial would be how to access the 

medication related information of the CDSS as part of Cerner Multum® and 

LexiComp®, instead of relying on external resources. Another example of a general 

video tutorial’s content is the importance of selecting a reason (from pull down 

menu) for overriding alert or documentation as free text. The current assessment of 

reasons for overriding alerts showed that there is poor documentation of reasons 

for overriding medication related alerts. 

Regarding face to face training sessions, physicians suggested to make them 

‘interactive’ and more like a workshop with hands on experience. It is also important 

to consider the audience when developing training session and avoid a one size fits 

all approach. For example, the everyday practice of an oncologist would be different 

from psychiatrist, and thus the training needs would differ. The timing of the session 

was also an issue, for example if scheduled during their clinic or ward times they 

could not leave their patients to attend. 

• Provision of feedback to system users 

Provision of feedback to system users on their behaviour is important to encourage 

reflection on their practises, and it became evident this was needed through the 

interviews conducted. Feedback can be general and provided to all HCP, as well as 

feedback that is more specific or individualised. For example, general feedback can 

be disseminated on the rates of generated and overridden medication related alerts, 

as this information is relevant to all prescribers. Individualised feedback could be in 
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the form of the personal medication related alert override rate and compare with the 

average override rate of HCP within the same specialty, or similar position and rank. 

This would be according to the employee number and would be information that is 

sensitive therefore confidentiality must be ensured during data handling, analysis 

and reporting of such findings. 

• Collaboration with CPOE and CDSS system vendors 

CPOE system vendors should work together with healthcare institutions to identify 

issues with medication related alert generation and provide means for flexible 

updates of CDSS alert information within the individual institutions. It is also 

important to enable introduction of features such as live communication through the 

CPOE system. This would help physicians for example communicate with the 

pharmacist (in the outpatient pharmacy) about medication of a patient. 

 

6.5 Methodological considerations 

The use of sequential mixed methods used allowed collection of quantitative data 

and qualitative data. Different aspects of CPOE and CDSS have been evaluated by 

two methods. The three concepts of the conceptual framework were taken into 

account; systems functions (in phase one mainly) human perspectives (in phase 

two mainly) and organisational context (phase one and phase two) while considering 

the structure, process, outcome. The data obtained from the quantitative study 

provided information on one aspect of CDSS, about the medication related alerts 

not about other features. identified issues (such as high alert override rate, poor 

documentation of reasons for overriding alerts) which were then followed up in the 

qualitative arm of this research. A summary of results of the work in this thesis is 

reported in the framework below as adapted from previous work (Cornford et al., 

1994; Barber et al., 2006, 2007; Jani, 2008). The findings are placed in the matrix 

as in Table 6.1, Table 6.2, and Table 6.3 according to relevance without 

distinguishing if it is a finding from the quantitative study or a finding from the 

qualitative study. The findings mainly were explained in terms of the system and 

process, (with less in terms of outcomes) and in terms of system and human 

perspectives, (with less in terms of organisational context).                                     
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Table 6.1 Summary of the findings of the research in terms of structure 
 

 System functions Human perspectives Organisational structure 

St
ru

ct
ur

e 

§ CPOE implemented as commercially 

purchased system, the vendor is 

(Cerner Millennium® 2014). 

§  Medication CDSS is provided as basic 

decision support. 

§ Developed as part of the ESiHI for the 

hospitals and clinics of KSUMC.  

§ There are some home-grown elements 

such as the dose range alerts revised by 

staff at KSUMC. 

§ The system is accessed by staff via 

password protected stationary desktop 

computers and wireless laptops. 

§ During peak hours on the ward there is 

often shortage of available computers 

§ ESiHi will not function if there is a power 

outage or disabled internet connection. 

§ During peak hours or slow internet 

connection will cause lags in Cerner 

Millenium® access. 

§ Disliked training received before 

implementation 

§ Physicians who have experience 

using CPOE in another country 

compared this system unfavourably 

with the others 

§ View CPOE as here to stay and a 

good move forward 

  

§ This is the first formal 

evaluation since 

implementation of CPOE in 

May 2015 

§ Training on system use was 

provided to practitioner staff 

before implementation 

§ Staff joining KSUMC after 

implementation onwards are 

obliged to attend the training 

The number of medications for 

which dose ranges check alerts are 

active is increasing. These are 

updated for KSUMC context by 

clinical pharmacist staff. 

CPOE- computerised physician order entry, KSUMC- King Saud university medical city, ESiHi- Electronic system integrated health information 
 

 



198 
 

Table 6.2 Summary of the findings of the research in terms of process 
 

 System functions Human perspectives Organisational structure 

Pr
oc

es
s 

§ Data on the patient’s EHR from one 

KSUMC clinic or hospital can be 

accessed from another facilitating 

patient care 

§ Enables coordination of work across 

the two hospitals of KSUMC (to 

support the patient care process) and 

allows documentation of different 

health professionals to be shared. 

§ The process of prescribing 

medications by CPOE is viewed as 

more time consuming than paper-

based prescribing 

§ CDSS generated alerts compared to 

advice of clinical pharmacist 

§ Patients past dispensed medications 

information is all in one record, this is 

helpful regarding refills from the 

outpatient pharmacy for chronic 

conditions 

§ Physicians developing ‘work-arounds’ 

for issues they find to be complicated 

or time-consuming affecting patients 

§ Accountability of each member of 

team to carry out assigned roles  

§ Deletion of patient information from 

EHR can only be conducted the IT 

department 

§ CPOE has become enabled to 

enforce policies of KKUH and any 

newer policies introduced by MOH, 

like the newly introduced policies of 

restricting certain antibiotics to 

infectious disease consultants. 

Abbreviation: CPOE- computerised physician order entry, CDSS- clinical decision support system, EHR- Electronic health record, HCP-Health care 

practitioner, KSUMC- King Saud university medical city, MOH- Ministry of Health 
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Table 6.3 Summary of the findings of the research in terms of outcome 
 

 System functions Human perspectives Organisational structure 

O
ut

co
m

e 

§ High alert generation rate per 100 

medications prescribed  

§ High alert override rate compared 

to international studies 

§ Audit trail  

§ Prescriptions more complete  

§ Commercial system capable of 

being updated and activation of 

more features 

 

§ Physicians realise CPOE is here 

to stay 

§ Actively suggested training 

methods indicating a desire to 

learn more and to see the system 

improve 

§ Physicians do not notice 

effectiveness of home-grown 

dose range alerts 

§ CPOE is being used as the only 

option to prescribe medications 

but there is room for adjustments 

of CPOE which will improve the 

experiences of prescribers 

 

§ Feedback to HCP currently not 

given on their medication related-

alert handling behaviours 

§ System linkages across the two 

hospitals KAUH and KKUH has 

made accurate patient information 

available to HCP treating the patient 

in different institutions 

§ Frequent training and updating 

physicians on the use of is 

recommended 

Abbreviation: CPOE- computerised physician order entry, HCP-Health care practitioner, KAUH- King Abdulaziz university hospital, KKUH- King 

Khalid university hospital 
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6.6 Recommendations for future work 
This research garners insights on CPOE and CDSS systems in one medical city in 

Riyadh, KSA, which is useful for the KSUMC context as well as for other healthcare 

institutions in KSA (the nationwide context).  A lot the findings are explained in the 

perspective of structure and process, with less reflected as outcomes. Much 

remains unknown and warrants further investigation.  The first suggestion that 

follows is general for the KSA context, while remaining suggestions are more 

detailed for the KSUMC context. 

-As explained in section 1.6 the MOH is the major government provider and 

financer in KSA (MOH, 2018a) and is responsible for managing and monitoring 

health services (Almalki et al., 2011). Before implementation of CPOE in institutions 

across KSA is important to provide logistical support, backed by the MOH. This 

would include for example (but not limited to) ensuring the necessary infrastructure 

is in place, adequate numbers of password protected desktop computers and 

internet access in the rural hospitals, to ensure secure and optimal use of the 

information technologies. It is suggested this evaluation should include a national 

survey (pre-and post CPOE implementation). The evaluation would be concerned 

with uptake across hospitals, use, and functionality as conducted in the UK across 

English Acute NHS trusts (Ahmed et al., 2013) which would be helpful for 

determination of economic savings (if any) and financial consequences as well as 

ME and ADE rates in paediatric, and adult patients.  

-One of the directions for future research in KSUMC should be towards identification 

of any potential consequences the high rate of overriding medication related alerts 

has on ME and ADE. This would be reflected as the part of patient outcomes of 

implementing CPOE and CDSS.  

-Another direction for future research work at KSUMC would further qualitative 

research be towards the perceptions of other HCP towards use of CPOE and CDSS 

such as pharmacists’ or nurses for example. It could involve semi-structured 
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interviews for documentation of issues they face when preparing and dispensing 

medications prescribed through CPOE and their suggestions to improve the CPOE 

system. Increasing qualitative work would help in understanding of the 

organisational context should be attempted as part of a quality improvement project 

with determination of the managerial perspective as conducted in the UK across 

English Acute NHS trusts (Shemilt et al., 2017) by inclusion of IT staff, physicians 

of different specialties and decision makers in the hospital as focus group. 

Observational studies are recommended, designed to provide insight into the 

processes of using CPOE and CDSS. In the future use of a technique called the 

‘think-aloud technique’ consists of asking people to verbalise their thinking while 

performing tasks or solving problems. Researchers using this technique typically 

both observe and audiotape or videotape the participant (Lundgrén-Laine and 

Salanterä, 2010). 

An observational study is planned, as post-doctoral research, on prescribers’ 

interactions with medication alerts at the point of prescribing on a computerised 

physician order entry system. It is discussed in further details in the next section.  

6.6.1 Prescribers’ interactions with medication alerts at the 
point of prescribing on a computerised physician order entry 
system: an observational study 
6.6.1.1 Aim and objectives: 
The aim of this study is to identify factors influencing physicians’ actual interactions 

with medication related alerts at the point of prescribing. 

The objectives are to:  

• Observe physicians (quantitative and qualitative observations) while entering 

medication prescription orders using CPOE and handling medication related 

alerts generated by CDSS 

• Develop recommendations for the alert designers for improved generation of 

CDSS medication related alerts regarding the KSUMC context.   
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• Develop recommendations for improved physician practices during prescribing 

medications using CPOE and improved CDSS medication related alert 

handling.  

 

6.6.1.2 Methods 

6.6.1.2.1 Setting 
The setting of KSUMC has been described in detail in section 1.7, chapter one. The 

observation sessions will be conducted at KKUH and at KAUH, in the outpatient 

clinics of different specialties and inpatient wards of different specialties during their 

routine clinical practice to prescribe medications for their patients. 

6.6.1.2.2 Study design 
This study is planned to be a cross-sectional, pilot observational study comprising 

ten observation sessions in each of the outpatient and inpatient settings. The 

researcher is keen to observe novel observations for this context and setting. 

Observations will comprise both quantitative and qualitative data. In this study 

participating prescribers will be observed during their routine clinical practice while 

using CPOE to prescribe medication for patients. One observation session per 

prescriber will be needed and hand-written notes are planned to be taken without 

any identification information for either the prescriber or their patients.  

6.6.1.2.2 Ethical approval 
UCL data protection registration and was obtained in February 2019 with reference 

number Z6364106/2019/02/41 clinical research in line with UCL’s Data Protection 

Policy. The study protocol was next reviewed by KSU IRB and granted approval 

letter E-19-3672 reference number 19/0228/IRB, in March 2019. Appendix X-1 

(page 404) contains the ethical approvals from KSU IRB. As per KSU IRB criteria, 

participant invitations and information sheets (for patients or for HCP) need to be 

available for distribution in both English and Arabic. The email invitation as well as 

participant information sheet was translated from English to Arabic by the 

researcher. This translation was reviewed by one pharmacist and one biochemist 
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who are competent in both Arabic and English. Finally, the internal supervisor 

reviewed the Arabic participant invitation and information sheets and the version 

approved by the researcher was used.  The ‘Code of practice for the safety of social 

researchers’ from the Social Research Association (SRA) was read, reviewed and 

its ethical advice considered when designing this study. This was available from 

https://ethics.grad.ucl.ac.uk/guidance.php. This code is designed to cover topics 

clarifying responsibilities, budgeting for safety, planning for safety in research 

design, risk assessment, preparing for fieldwork, setting up fieldwork as well as 

precautions. Appendix W-1 to Appendix W-8 (pages 390 to 403) contains the 

approved participant invitations, participant information sheets, and consent forms 

in English and Arabic. 

After ethical approval was received from KSU IRB Appendix X-1 (page 404), the 

next step was to submit application (project number 9147/001) to UCL Research 

Ethics Committee (REC). Conditional approval was granted dated 26 June 2019, 

until 26 June 2020 provided proof that some requested changes were made to the 

participant information sheets and to the consent forms regarding the regulations of 

data protection laws and statements around the legal basis for data processing. 

Appendix X-2 (pages 405 and 406) contains the ethical approvals from UCL REC. 

The UCL REC conditional approval was granted on the condition of making the local 

ethics committee (KSU IRB) informed about the requested changes. Notice of KSU 

IRB approval of amendments was received at the end of October 2019, and UCL 

REC was notified by email. Appendix X-3 (page 407) contains proof of approval of 

amendments (to the participant information sheet and participant consent forms) 

from KSU IRB. 

6.6.1.2.3 Ethical issues 
In the unlikely event that an error or dangerous practice with direct implications on 

patient care was observed, suggestions for improvement and an interference would 

be discussed with the physician in a tactful manner away from the patient. If asked 
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by the patient for an opinion the researcher would explain that she is there to 

observe, and for the purposes of the research it is not appropriate to offer an opinion. 

The patients will be informed verbally at the beginning of the observational session, 

that the PhD researcher is a registered pharmacist working at KSU college of 

pharmacy and is affiliated with KSUMC hospitals, and she is there to observe the 

physician during prescribing medications on CPOE.  The patient would be asked if 

they are happy with the pharmacist’s presence during their consultation with the 

physician. If the patient disagrees, the researcher would leave. 

 

6.6.1.2.4 Participants and recruitment 
Eligible participants to be observed in this study are prescribing physicians 

practising at KSUMC. It was estimated that a total of thirty observation hours 

(inclusive of the outpatient and inpatient setting) would provide enough observation 

time to draw conclusions upon analysis of observations, and identify factors as well 

as circumstances influencing physicians’ interactions with medication related alerts. 

A similar study has reported their sample size of medication alerts observed to be 

119 during a 15-day study period, comprised of observing 41 hours and 24 minutes 

of ward rounds and 53 hours of non-ward round activities (Bell et al., 2019).  In 

another study, which was conducted on a 12-bed ICU the researcher shadowed 

twenty doctors while on ward rounds (for 33.6 hours) and non-ward rounds (28 

hours) for a total of 61.6 hours, during this time 166 alerts were triggered (Santucci 

et al., 2016). In another study on the influence of CDSS on prescribing during ward 

rounds Baysari and colleagues (2011) described shadowing 46 doctors (resulting in 

58.5 hours of observations of physicians on ward-rounds) and interviewing 16 

prescribers, (each semi-structured interview lasting 20 minutes). During the 

observations there were 150 medication orders entered into CPOE led to generation 

of 84 medication related alerts (Baysari et al., 2011). For the purposes of this study 

observation sessions in the outpatient setting are expected to last the duration of 

the clinic which is three hours while inpatient observation sessions would last 

approximately one hour. Therefore, thirty hours of observation might be achieved 

by observing fewer than thirty physicians. Thirty hours were deemed enough, and 
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saturation was expected for several reasons supported from the findings of the 

quantitative descriptive study in chapter five, as well as the interview study 

described in chapter six. In chapter five it was reported that from the outpatient 

department, every medication prescribed generated three medication related alerts, 

and every third medication prescribed from the inpatient department generated one 

medication related alert. The second justification for the sample size of 30 hours of 

observation reason is that daily physicians prescribe medications for two up to thirty 

patients in the inpatient and outpatient departments (as per responses to 

background questions during the interviews study of chapter six). Therefore, 

regarding the outpatient department, if a medication could generate up to three 

alerts, and a physician in the outpatient department could prescribe medications for 

up to 30 patients (each patient receiving one medication), it could be expected to 

observe a minimum of six alerts up to a maximum of 180 alerts a day. The 

physicians described the clinic to last approximately three hours, and allocation of 

each patient appointment to be 15 minutes, therefore seeing 12 patients in the 

duration of the clinic. In the inpatient setting, the physicians explained that the 

clinical round would take place, and after seeing the patients and agreeing on 

management of patients with the team, he/she would prescribe all the medications 

for the patients consecutively, and this could take around an hour. For this study 

physicians will be invited to participate in the study by invitation through email 

memoranda addressed to heads of departments, together with copies of the 

participant information leaflet (in English and Arabic) that describe the study aim 

and objectives. Heads of departments at KSUMC will be emailed and asked to 

disseminate this information to physicians in their teams. Physicians with an interest 

in this research will be invited to contact the researcher with their willingness to 

participate. The researcher will also approach physicians directly in person in the 

ward or at the clinic.  

6.6.1.2.5 Data collection 
The researcher will observe physicians at the point of prescribing medications for 

patients by CPOE. The participating physicians’ identities will not be recorded, and 
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no patient data will be recorded. Information of interest will be the physicians’ 

reactions to the pop-up medication related alerts, and what factors are involved 

when handling alerts. Observations will be handwritten in real time, in their natural 

setting (outpatient clinics and inpatient wards), the data collection sheets are in 

Appendix Y (pages 408 and 409). The data collection sheet for the general 

information on the description of the setting is in Appendix Y-1, (page 408). The 

information to be documented includes whether it is an inpatient ward or outpatient 

clinic, what is the specialty of the ward/clinic, how many patients are cared for in an 

average day, and how many HCP are on the site. The quantitative observations to 

be documented include the number of medications per prescription of single patient, 

and the frequency as well as type of medication related alert generated, and the 

type of physician for which each medication related alert is generated. If the same 

physician was observed experiencing the same alert more than once for the same 

patient interaction, the repeat observed alert was documented as such. Other 

quantitative observations are the frequencies which prescribers (i) override an alert 

(defined continuation of the medication order without making any modifications to 

the original order) or (ii) accept an alert (defined as either cancelling the original 

order or modifying the original order), (iii) cancel an order and the frequency which 

prescribers (iv) modify an order will also be recorded. Qualitative observations will 

include in-depth details of how medication related CDSS alerts are dealt with, (for 

example if the alert is read) and whether there is a shared-decision element to 

ordering medications and shared with whom, and how the physician handled the 

alert. The data collection sheets for observations at point of prescribing medication 

in Appendix Y-2 (page 409) will be utilised to record observations at the point of 

prescribing medications in addition to additional comments documented as field 

notes. Together with the descriptive quantitative data on the alerts generated and 

overridden as reported in chapter four, and the analysed data from the interview 

study in chapter five, this observational study will provide further insight and 

understanding on prescriber interactions with alerts at KSUMC. 
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6.6.1.3 Analysis 
The field notes documented during the observations as well as the filled data 

collection sheets will be considered the data to be analysed. This data will be 

entered in NVIVO® (Version 12) 2018 software on a password-protected computer. 

The data will be coded, a template of codes will be developed and revised by the 

supervisors into what is known as a ‘codebook’ (Guest et al., 2006). Summarising 

the findings of this observations in the emergent themes will involve discussion in 

terms of ‘five of the nine’ factors identified to influence the prescriber-alert interaction 

(Russ et al., 2012). The authors have stated that their framework provides an 

overview of factors that influence the prescriber-alert interaction (this assumes HCP 

other than physicians are prescribers, while it is not the case in KSUMC). 

“This study produced a novel, emergent framework for understanding the 
prescriber-alert interaction” (.…) which ‘may guide future studies and be 
useful when designing, evaluating or advancing medication alert 
systems”. 
                                                                                     (Russ et al., 2012) 

The framework comprises mental model components, (including programmer 

mental model, system design and corresponding image), and prescriber mental 

model. Ideally these components should be aligned to promote effective prescriber-

alert interaction. The nine identified factors influencing this alignment and how 

prescribers interact with medication- related alerts are as follows, and the first five 

factors will be relevant for this study:  

• alert system logic 

• alert system redundancy 

• alert content 

• alert display 

• cognitive factors 

• pharmaceutical knowledge 

• medication management 

• workflow 
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• alert system reliability 

 

These will be overlapped with the earlier framework of evaluation of quality in 

healthcare using the three main arches of system, process, outcome (Donabedian, 

1966).  

6.6.1.4 Potential limitations and strengths 
Conduction of ethnographic observation has some limitations and some strengths. 

Potential limitations of ethnographic observation research expected could be due to 

researcher (observer bias) as well the ‘Hawthorne effect’. The observation that 

measurements of behaviour in a controlled study were altered by subjects’ 

knowledge that they were in an experiment is called the ‘Hawthorne effect’ (Adair, 

1984). The Hawthorne effect concerns research participation, the consequent 

awareness of being studied, and possible impact on behaviour (McCambridge et 

al., 2014). The potential resultant effect in the context of this study (observing 

participant physicians at the point of prescribing using CPOE) would be the that the 

participants would behave in a manner that is different to how they would normally 

behave, thus leading to changed interactions with the medication related alerts that 

are generated and alter their regular alert handling. An additional potential limitation 

would be in the possibility of reduced recruitment of physicians from differing 

specialties. 

Potential strengths of the study design are the measures in place to overcome the 

Hawthorne effect and the researcher bias. The PhD researcher is a registered 

pharmacist working at KSU college of pharmacy and the college of pharmacy is 

affiliated with KSUMC hospitals, therefore, the researcher and physicians are 

considered colleagues in the same workplace. These are factors which support the 

researcher building rapport with participants and possessing a ‘non-threatening 

perception’, which have been reported by Oswald and colleagues to be 

recommendations to overcome the Hawthorne effect (Oswald et al., 2014). The 

researcher has prior experience of research in this setting because of the 

quantitative study conducted as the first part of the programme of work (as 
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described in chapter four) and the qualitative interview study conducted as the 

second arm of the programme of work (as described in chapter five). It was during 

the conduction of interviews that the researcher had developed and practised a 

thoughtful approach on introduction to physicians, (the participants of interest in the 

observational study) as well as an understanding about the physicians and ways to 

approach them for participation, carry out introductions, and engage their trust. 

To further reduce bias the researcher would document observations as seen 

(minimising subjective input without initial judgment or interpretation). Another 

measure to reduce bias would be to conduct several observations around the same 

time, without too much time intervals between them and then would be reviewed by 

other researchers, (PhD supervisors) to help ensure conclusions drawn from the 

observations would not be misinterpreted.  

6.7 Strengths and limitations 

This research of this thesis had strengths and limitations. The strengths are that 

projects of this thesis are an original contribution, was the first evaluation of this kind 

in a KSA hospital. A mixed methods sequential approach was used, and the different 

data combined helped inform the researchers on the human perspectives of using 

CPOE, as well the system functions. An evaluation framework helped integration 

and assimilation of data during analysis. The period studied (from June 2015 until 

December 2017) began two weeks after system went live, so it is almost from the 

very beginning. It must be noted that there would have been an initial period when 

physicians were learning and adjusting to use the system. Criteria for assessment 

of alert display and alert override were adapted from previous studies (Nanji et al., 

2014; Zenziper Straichman et al., 2017; Wong et al., 2018). Additional criteria were 

iteratively developed after review of the literature and discussion with the PhD 

supervisors (Professor Bryony Dean Franklin and Professor Jane Portlock) and 

Sondus Ata (researcher helping with this arm of the research). These criteria can 

be used by researchers at KSUMC and other institutions for their own assessments 

and studies. The researcher is a faculty member at King Saud University, the 
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university affiliated with KSUMC, and she had gained familiarity with the various 

aspects of the organisational structure and setting. One limitation is that the data 

obtained from the quantitative study provided information on one aspect of CDSS, 

about the medication related alerts only, not about other features. Another limitation 

is that data from the qualitative arm would have been richer if a managerial 

perspective had been attained and a greater understanding of the organisational 

context would have developed. However, IT staff members could not be interviewed, 

during study design attempts were made to approach them but their identities were 

not released and they could not be contacted or approached. This is a study 

conducted by a faculty member and not an organisational survey or quality 

improvement project backed by the quality departments, there was little 

cooperation. Another limitation is that while the observational study was planned 

and approved by KSU IRB, the conditional approval granted by UCL REC meant 

that KSU IRB must revise the requested changes, and as this period coincided in 

the summer, the study could not be followed through. The findings would have 

further informed the interview study and the PhD researcher would have gained 

experience with two qualitative methods. The issues in gaining ethical approval for 

cross-country research have been detailed in the next section. 

6.8 Issues of conducting studies needing ethical 
approval from more than one institution in different 
countries 
As a student at an institution (UCL) in one country (the UK), conducting a study at 

a university medical city (KSUMC) in another country (KSA) proved to have 

challenges. Among these challenges were the newly updated data protection laws 

in Europe, which did not apply to KSA. The first step was to obtain UCL data 

protection approval, then local KSU IRB review and approval. UCL REC was next 

to review the application, resulting in requested changes relating to the wording of 

the data protection statements and consent forms. KSU IRB have a very long period 

over the summer of not meeting nor reviewing applications, until they were 
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accepting applications (it was in the summer that review of changes requested by 

UCL REC). The institutions also had different regulations as to the amount of 

background information required for the study under review, and the waiting period 

was prolonged by needing revisions to satisfy both sets of these specific 

requirements. The statements required by UCL REC relating to GDPR were 

potentially confusing to KSA participants. Another difference in requirements of the 

two institutions was that KSU IRB required Arabic language participant sheets and 

consent forms, so that changes requested by the UCL REC on the participant 

information sheet and consent forms also entailed the changes be documented and 

translated to the Arabic versions. Therefore, from this experience lessons have been 

learnt that can be passed on to other researchers planning research in two different 

institutions in different countries. The first recommendation to future researchers is 

to ensure a timeframe of six months up to one year can be allocated for the entire 

process, and thus plan accordingly. The second recommendation is to be aware of 

each institution’s conditions for application submission and requirements as well as 

dates of holiday periods.  Finally, the study design should be written and reviewed 

bearing in mind the context and culture of the participants and the setting of data 

collection. 

6.9 Conclusion 
KSA is the country of the GCC with the largest number of medication safety articles 

published and Kuwait has the fewest. The design of future studies in the region 

should focus on the research questions of what is unknown, and calculate and justify 

the sample size, whether it is sample of patients or medication prescriptions. Studies 

on technology in healthcare is growing in the region.  A mixed methods sequential 

evaluation of use of CPOE and CDSS has been conducted. This evaluation has 

shed light on several issues. The rates of generation of different alert types has been 

determined. The alert type most frequently generated and overridden were drug 

duplicate alerts. The appropriateness of alerts’ displays and override by physicians 

have been assessed. Compared to international studies the override rate of alerts 

is higher, but the with lower rates of assessed appropriateness of the alert display 
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and appropriateness of alert override. Documentation of reasons for overriding 

medication related alerts is poor, whether as free text or selection from a pull-down 

menu. The perceptions of physicians on use of CPOE and CDSS to prescribe 

medications for their patients have been documented, and they mentioned that it is 

safer than paper-based prescribing with less medication errors reaching the patient. 

Their positive and negative experiences with CPOE and CDSS led suggestions on 

how their experience with the system could be improved. The data from phase one 

and phase two has been reported within the framework, and a clearer picture on 

CPOE and CDSS has developed. The researcher has developed recommendations 

improvement of the CDSS medication related alert generation, and 

recommendations have also been developed for introduction of policies and for 

training of HCP. Some of these recommendations can be considered in other 

institutions in KSA and in the GCC as part of lessons learnt from this research to 

improve medication related alert handling practices. Finally, research conducted in 

more than one institution in different countries has unique issues, some of which are 

related to the cultural context of each place and others related to differing 

regulations. These are factors to be considered when developing, conducting, and 

reporting cross country research.   
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Appendices 
 

Appendix A- Studies evaluating use of computerised physician order entry and clinical decision support systems  

SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

STUDIES EVALUATING CPOE AND CDSS 

(Overhage et al., 

1997) 

USA 

RCT  

Intervention arm: 

physicians received 

CDSS reminders to 

order corollary 

medications via CPOE 

To determine if 

automated, guideline-

based reminders to 

physicians (generated 

as they wrote orders) 

could reduce 

omissions in of 

corollary orders. 

Errors of omission in 

corollary orders 

 

Reminders about corollary orders were presented to 48 

intervention physicians and withheld from 41 control 

physicians. Intervention physicians ordered the suggested 

corollary orders in 46.3% of the instances when they 

received a reminder, compared with 21.9% by control 

physicians (P<0.0001). 

(Bates, 1998) 

 

USA 

Two study designs, 

non-randomised 

controlled trial and an 

observational study 

with controls. 

To evaluate the 

efficacy of two 

interventions for 

preventing non-

intercepted serious 

medication errors (ME) 

defined as those that 

Adverse drug event 

(ADE) rates and 

serious medication 

errors 

The decreases in non-intercepted serious MEs and in 

preventable ADEs were not statistically significant. 

Fifty-five percent decrease in non-intercepted serious MEs 

(P=0.37) 

Seventeen percent decrease in preventable ADEs 

(P=0.37) 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

either resulted in or had 

potential to result in an 

adverse drug event 

(ADE).   

(Bates et al., 1999) 

 

USA 

Prospective time series 

analysis, with four 

periods. 

The intervention was a 

CPOE system for all 

units and a team-based 

intervention that 

included changing the 

role of the pharmacist. 

To evaluate the impact 

of CPOE with decision 

support in reducing the 

number of medication 

errors  

MEs (non-missed 

dose medication 

errors) 

ADEs (preventable 

and non-preventable). 

 

Eighty one percent decrease in medication errors 

(P<0.001) and 86% decrease in non-intercepted serious 

medication errors (P<0.001) 

(Teich et al., 2000) 

 
        USA 

Retrospective before- 

and -after analysis. 

 

Assess impact of 

inpatient CPOE on 

prescribing practices.  

 The impact of the 

intervention was 

evaluated by 

measuring the change 

in the number of 

orders specifying 

compliance to the 

appearing guidance. 

Improvement in five prescribing practices (P<0.001)  

(Chertow, 2001) 

 

USA 

RCT with a cross-over 

design 

To determine if a 

system application for 

adjusting drug dose 

Rates of appropriate 

medication 

prescription dose and 

Thirteen percent decrease in inappropriate dose (P<0.001) 

and 24% decrease in inappropriate frequency (P<0.001) 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

and frequency in 

patients with renal 

insufficiency (when 

merged with CPOE) 

improves medication 

prescribing and patient 

outcomes. 

frequency, hospital 

and pharmacy costs 

and changes in renal 

function among 

patients compared 

among patients with 

renal insufficiency 

who were hospitalised 

during the intervention 

versus control period. 

(Jani et al., 2008) 

         UK 
Before and after study 

 

To assess the effect of 

an electronic 

prescribing (EP) 

system on the 

incidence and type of 

prescribing errors and 

the number of error-

free visits. 

Primary outcome was 

incidence and type of 

prescribing errors. 

Number of error free 

patient visits 

The overall prescribing error rate was 77.4% 

(95%confidence interval [CI] 75.3% to 79.4%) for 

handwritten items and 4.8% (95% CI 3.4% to 6.7%) with 

CPOE. The number of error-free patient visits increased 

from 21% to 90% with CPOE. 

(Hoonakker et al., 

2013) 

 

USA 

Repeated cross-

sectional study design 

with two rounds of data 

collection. He first 

round was 3 months 

post-CPOE 

To examine nurses and 

prescribing providers’ 

(physicians including 

consultants, junior 

doctors, in-house 

officers and nurse 

Nurses and 

prescribing providers 

satisfaction with 

CPOE 

implementation over 

time. They were from 

Users were moderately satisfied with CPOE. Nurses 

satisfaction over time improved significantly, but 

satisfaction for prescribing providers did not change. 

Nurses and providers were satisfied with different aspects 

of CPOE introduction. 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

implementation, the 

second round was one 

year after CPOE 

implementation. 

practitioners and 

physician assistants) 

and nurse satisfaction 

with CPOE 

implementation over 

time. 

four ICUs in a rural 

tertiary care teaching 

hospital. 

STUDIES EVALUATING CDSS 

(Hurley et al., 

1986) 

AUSTRALIA 

RCT 

 

 

Assess effectiveness 

of computerised 

theophylline dosing 

programme 

Theophylline toxicity 

(Clinical 

manifestations of 

theophylline toxicity; 

and toxic serum 

theophylline levels). 

Less patients with clinical toxicity in intervention group 

(p=0.13); lower rates of toxic levels in intervention patients 

(p=0.04) 

(White et al., 1987) 

USA 

RCT 

 

Assess effectiveness 

of a computerised 

warfarin dosing 

Clinical outcome 

(bleeding 

complications) and 

There were no patients with bleeding complications in 

intervention group. 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

programme for 

inpatients 

surrogate outcome 

(over-anticoagulation) 

(Burton et al., 

1991) 

 

USA 

        RCT Assess effectiveness 

of computerised 

aminoglycoside dosing 

programme 

Clinical outcome 

(toxic serum 

aminoglycoside 

levels) surrogate 

outcome 

(subtherapeutic 

serum theophylline 

levels)  

Lower rates of toxic levels in intervention patients vs. 

controls. 

(Doukidis et al., 

1994) 

 

KENYA 

        RCT Evaluation of 

diagnostic ability and 

value of the 

computerised 

ESTROPID (Expert 

Systems for 

TROPICAL Diseases). 

Patients arriving to the 

clinic were seen by 

both a clinical officer 

(CO) using the 

ESTROPID system or 

a doctor using 

established 

procedures. The 

results of the trial and 

control group were 

analysed for 

concordance. 

ESTROPID was 

The scale of disagreement per patient was 24% the clinical 

officer and the physician, when the computer was used and 

14% under normal practice. 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

developed for use in 

developing tropical 

countries. 

(Casner et al., 

1993) 

 

USA 

RCT Assess effectiveness 

of computerised 

theophylline dosing 

programme 

Clinical Outcome 

(Clinical 

manifestations of 

theophylline toxicity); 

and surrogate 

outcome (toxic serum 

theophylline levels) 

No significant differences in outcome between study group 

and control group. 

(Evans, 1994) 

USA 
RCT- crossover study 

design. 

Assess effectiveness 

of use of computerised 

antibiotic drug 

selection (called 

computer consultant)  

Surrogate outcome, 

one of five primary 

outcomes was 

pathogen 

susceptibility to 

prescribed antibiotic 

regimens 

Seventeen percent greater pathogen susceptibility to an 

antibiotic drug regimen suggested by a computer 

consultant vs physician (P <0.001). Physicians ordered 

appropriate antibiotics within 12 hours of the culture 

collection significantly more often when they had use of the 

antibiotic consultant than during the period before use 

(P<0.035). 

(Mungall et al., 

1994) 

 

USA 

RCT 

 

 

Assess effectiveness 

of use of a 

computerised heparin 

dosing programme for 

patients after 

myocardial infarction. 

Clinical Outcomes 

(clinical 

manifestations of 

bleeding events) 

Fewer intervention patients had bleeding events vs 

controls (P=0.6) but was not statistically significant. 
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SOURCE AND 

COUNTRY 
STUDY DESIGN OBJECTIVE 

MEASURE OF 

INTEREST 
FINDINGS 

(Evans et al., 

1998) 

USA 

Prospective before-

after analysis 

 

 

Assess effectiveness 

of use of a computer-

based anti-infective 

drug management 

programme 

A primary outcome 

was ADE’s caused by 

anti-infectives 

Seventy percent decrease in ADE’s caused by anti-

infective agents (P=0.02) 

(Jani et al., 2011) 

UK 

Retrospective review  Characterisation of 

CDSS medication 

related alerts recorded 

in in the first year after 

implementation. 

Characteristics and 

frequencies of CDSS 

alerts generated. 

Per 100 prescription orders, there were 13 alerts visible to 

the user (95% CI 12.8 to 13.6). At the point of prescribing 

89% of all visible alerts were overridden. Drug allergy alerts 

were the most accepted, and drug-duplicate alerts the 

least. 

(Zenziper et al., 

2014) 

 

Israel 

 

Quantitative 

observational study for 

six months 

 

 

To describe the 

implementation and 

customisation of a 

commercial CDSS 

Analysis of 

prescription volume 

and volume of CDSS 

alerts and types 

generated  

During the study period, 12,189 patients received 136,459 

medication prescriptions. The alerts most commonly 

generated were drug interaction, (43.2% of all alerts) and 

dosing alerts (38.3% of all alerts). 

ADE- Adverse drug event, CI- Confidence interval, CO- Clinical officer CPOE- Computerised physician order entry, CPOE-Computerised physician order entry, CDSS- Clinical 

decision support system , EP- Electronic prescribing  ME- Medication error,  RCT-Randomised controlled trial, USA- United States of America, UK-United Kingdom 
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Appendix B- Studies that used multiple or mixed methods approach based on frameworks or theories to evaluate implementation and 
utilisation of computerised physican order entry or electronic prescribing. 

Source and 

Country 
Methods used Objectives Model or 

theoretical 

framework applied 

or developed 

Findings Strengths and limitations 

of this model and 

feasibility of adaptability 

for our research purposes 
(Barber et al., 

2006) 

 

UK 

 

Based on multiple 

mixed methods of 

quantitative and 

qualitative 

approaches  

Two quantitative 

approaches, the first 

was detection of 

prescribing errors, 

and the second was 

cross sectional 

documentation of 

pharmacists’ 

interventions. 

-Regarding the four 

methods of 

prescribing error 

detection; the first 

was prospective, the 

second was 

retrospective, and 

the third involved use 

of a ‘trigger tool’. The 

To recommend a 

framework for the 

evaluation of EP and 

evaluate the initial 

framework of 

Cornford and 

colleagues (Cornford 

et al, 1994) 

To develop and pilot 

ways of evaluating, 

prospectively and 

retrospectively, the 

impact of hospital EP 

systems on patient 

safety. 

To adapt and apply a 

trigger tool 

methodology (to 

detect adverse drug 

events) from the USA 

and make 

suggestions for 

change as necessary. 

It is based on a matrix 

of structure/ process/ 

outcome (Donabedian, 

1966) and the 

perspectives of 

technology, 

stakeholders, and the 

organisation. 

 

 

 Summary of the quantitative 

findings: staff time on 

medication related activities 

increased significantly for all 

professions. For every 100 

prescriptions written in a 

hospital there will be around 

ten errors, the introduction of 

EP at the current stage of 

development would avoid two 

or three of them. 

Most doctors, nurses, and 

pharmacists interviewed 

considered the system safer 

than paper-based prescribing 

because all the information is 

available at hand and certain 

procedures are made easier. 

Interviews with patients 

provided a complementary 

perspective on issues raised 

in staff interviews particularly 

regarding accessing and 

The authors concluded that the 

combination of their 

quantitative and qualitative 

findings within their evaluation 

framework produced a rounded 

picture in which quantitative are 

set against the context they are 

produced, and the qualitative 

findings allowed organisational 

learning to take place. This 

evaluation framework can be 

adapted to any stage of EP 

development. 

This framework was applied to 

evaluate two systems in two 

different hospitals. One of the 

systems had CDSS while the 

other hospital systems did not 

have CDSS. 
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Source and 

Country 
Methods used Objectives Model or 

theoretical 

framework applied 

or developed 

Findings Strengths and limitations 

of this model and 

feasibility of adaptability 

for our research purposes 
fourth method of 

prescribing error 

detection was 

spontaneous 

reporting of 

prescribing error. 

-Cross-sectional 

documentation of 

pharmacists’ 

interventions. 

Three qualitative 

approaches were 

used which were:  

-Observations in the 

ethnographic 

tradition (on medical 

wards, in pharmacy 

and at managerial 

meetings). 

-Semi-structured 

interviews with 

professionals using 

the system and with 

patients 

Two EP systems were 

studied: the 

introduction of 

‘ServeRx’ to Charing 

Cross Hospital, and 

Meditech, at a general 

hospital (Queen’s 

Hospital, Burton upon 

Trent). 

To describe the 

decision support 

software used in each 

system and assess 

aspects of it. 

sharing information and 

professional accountability. 



240 
 

Source and 

Country 
Methods used Objectives Model or 

theoretical 

framework applied 

or developed 

Findings Strengths and limitations 

of this model and 

feasibility of adaptability 

for our research purposes 
-Focus meetings 

with professionals 

from different 

groups. 

(Westbrook et 

al., 2007) 

 

Australia 

A multimethod 

evaluation model, 

incorporating 

prospective study 

design with 

measurements 

collected before and 

after the 

implementation of 

CPOE. Data 

triangulation was 

facilitated due to the 

use of multimethod 

approach.  

-Controlled time 

series of prescribing 

errors 

-Observational study 

of medication 

preparation and 

administration 

To report the design 

and implementation of 

a multimethod 

evaluation model to 

assess the impact of 

CPOE on both the 

technical and social 

systems within a 

health care 

organisation. 

To design and test an 

electronic data 

collection tool (instead 

of paper-based data 

collection tool) for 

work measurement 

studies that would 

allow efficient, 

accurate and reliable 

data collection. 

The evaluation model 

was informed by 

sociotechnical theory 

and understanding of 

the nature of ‘wicked 

problems’.  

The controlled time series 

showed that the system 

resulted in a decline in 

prescribing errors from 6.25 

per admission (95% CI 5.23-

7.28) to 2.12 per admission 

(CI 1.71 to 2.54) (P<0.0001). 

(Westbrook et al., 2012). 

Results from the work 

management studies profiled 

how doctors and nurses 

distribute their time on the 

wards and the 

multidimensional nature of 

data collected helped provide 

greater insight into clinicians 

working patterns. 

This evaluation model has 

been designed to provide 

flexibility and can be adapted to 

both pre- and post-

implementation stages.  

The understanding grew after 

several consecutive studies, 

two surveys, and series of 

interviews and focus groups 

with management and clinical 

staff, this was carried out over 

more than three-year 

evaluation period initially 

planned. The setback faced by 

the researchers was the delay 

in the system implementation 

timelines. The sociotechnical 

theory and understanding of 

the wicked problems aided in 

the development of the tools 

used. 
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Source and 

Country 
Methods used Objectives Model or 

theoretical 

framework applied 

or developed 

Findings Strengths and limitations 

of this model and 

feasibility of adaptability 

for our research purposes 
-A personal digital 

assistant which is a 

handheld computer, 

was used for data 

collection 

-Safety attitudes 

questionnaire 

administered to all 

management, 

clinical and scientific 

staff. 

-Social network 

analysis through 

completion of a 

survey. 

-Series of interviews 

and focus groups 

with management 

and clinical staff. 

The personal digital assistant 

used for data collection was not 

available to be used, therefore 

paper-based data collection 

would have needed to be used 

for this study arm, resulting in 

differences from original study. 

While multimethod data 

collection was used analysis of 

each of the studies was 

reported independently of other 

studies.  

ADE- Adverse drug event, CI- Confidence interval, CPOE-computerised physician order entry, CDSS- Clinical decision support system, EP- Electronic prescribing, ME- Medication 
error, RCT- Randomised controlled trial, UK- United Kingdom
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Appendix C: Search terms used and databases searched. 

Search term (terms) Number of hits 
"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR "Saudi Arabia" OR "United Arab Emirates"  
 

 AND   
 "Patient Safety" OR "Medication Safety" OR "Medication 
Reconciliation" OR Pharmacovigilance 

CINAHL= 62 
Embase = 740 
IPA= 24 
PubMed = 654 
Science Direct = 356 
Web of Science = 79 

"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR "Saudi Arabia" OR "United Arab Emirates"  
 

 AND  
 "Adverse drug reaction" OR "Adverse Drug Event"  

CINAHL= 14 
Embase = 343 
IPA= 12 
PubMed= 45  
Science Direct= 160 
Web of Science= 20 

"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR "Saudi Arabia" OR "United Arab Emirates" 
  

AND  
"medication error" OR "Prescribing error" OR " prescribing mistake" 

CINAHL= 1 
Embase =139 
IPA = 4 
PubMed= 13 
Science Direct = 92 
Web of Science = 11 

“G.C.C" OR “Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates”  
 

 AND  
 "dispensing error" OR "dispensing mistake” 

CINAHL = 0 
Embase = 1 
IPA = 1 
PubMed = 1 
Science Direct = 9 
Web of Science = 1 

"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR "Saudi Arabia" OR “United Arab Emirates"  
 

 AND  
"Medication administration error" OR " medication administration 
mistake"  

CINAHL = 0 
Embase = 1 
IPA = 0 
PubMed= 1 
Science Direct = 2 
Web of Science = 1 

" G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates”  
 
              AND 
 " medication error" OR "drug error" OR "drug mistake"  

CINAHL = 1 
Embase = 139 
IPA = 3 
PubMed = 15 
Science Direct = 76 
Web of Science = 10 

"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR "Saudi Arabia" OR "United Arab Emirates" 
 

AND  
 "transcription error" OR "transcription mistake"  

CINAHL = 0 
Embase = 1 
IPA = 0 
PubMed = 0 
Science Direct = 17 
Web of Science = 0 
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Search term (terms) Number of hits 
"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR "Saudi Arabia" OR “United Arab Emirates”  
 

 AND  
"monitoring error" OR " monitoring mistake"   

CINAHL = 0 
Embase = 0 
IPA = 0 
PubMed = 0 
Science Direct = 2 
Web of Science = 0 

"G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates”  
 
           AND  
 "wrong drug" OR "wrong drug error "OR " wrong drug mistake"  

CINAHL= 0 
Embase = 6 
IPA = 1 
PubMed = 4 
Science Direct =12 
Web of Science = 2 

“G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates”  
 

AND  
"dosage error" OR "wrong dose" OR "dosage mistake" 

CINAHL= 0 
Embase = 5 
IPA = 2 
PubMed = 4 
Science Direct =14 
Web of Science = 2 

“G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates”  
 

AND  
“Cause of medication error” 

CINAHL = 0 
Embase = 1 
IPA = 0 
PubMed = 4 
Science Direct =5 
Web of Science = 0 

“G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates” 
  

AND  
“Preventable drug related problem” 

CINAHL = 0 
Embase = 0 
IPA = 0 
PubMed = 2 
Science Direct = 1 
Web of Science = 0 

“G.C.C" OR "Gulf Cooperation Council" OR Bahrain OR Kuwait OR 
Oman OR Qatar OR “Saudi Arabia” OR “United Arab Emirates” 
  

AND  
“Risk factors for medication error” 

CINAHL = 0 
Embase = 0 
IPA = 0 
PubMed = 3 
Science Direct = 0 
Web of Science = 0 
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Appendix D: Quality assessment of included studies. 

The numbers across the top of the table relate to the criteria which were used to assess 
quality of studies. The first twelve studies are published as conference abstracts, the 
remaining 42 are full text journal articles. 
1. Aims/objectives of the study clearly stated  
2. Definition of what constitutes an ME  
3. Error categories specified  
4. Error categories defined  
5. Presence of a clearly defined denominator  
6. Data collection method described clearly  
7. Setting at which study conducted described  
8. Sampling and calculation of sample size described (unit of measurement)  
9. Reliability measures  
10. Measures in place to ensure that results are valid  
11. Limitations of study listed  
12. Mention of any assumptions made  
13. Ethical approval  
14. Inclusion of IV administrations 
15. Inclusion of paediatric doses  
(P) Fulfils criterion, (O) Does not fulfil criterion, (PO). Partly meets criterion (n); not applicable 

Reference 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
 
Sum 

(Rahman et al., 1994) P O P O O P P 

O
  
O
  O O O O O n n 

 
 
 
4 

(Al-Rashdi et al., 2010) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
5.5 

 (Hemida et al., 2011) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
5.5 

(Rehmani, 2011) P O P O P P P 

O
  
O
  P P O O O n n 

 
 
 
7 

(Al Anany et al., 2012) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
5.5 

(Aljamal, 2013) P O P P P P P 

O 
O
  O P O O O P O 

 
 
8 

(Aljadhey and Al-Rashoud, 
2013) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
5.5 

(Sonallah et al., 2014) P O P O P P P 

O
  
O
  O O O O O n n 

 
 
 
5 

(Altebenaui, et al., 2015) P O P O P P P 

P 
O
  O O O O O n n 

 
 
5.5 

(Mitwally et al., 2015) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
5.5 

(Anazi and Al-Jeraisy, 2015) P O O O n P P 

P
  
O
  O O O O O n n 

 
 
 
3.5 

Criteria 14 and 15 apply to studies of administration 

safety or administration errors only. 

                               Quality assessment of Abstract studies 
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Reference 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
 
Sum 

(Mahmoud et al., 2016) P O P O P P P 

P
  
O
  O P O O O n n 

 
 
 
6.5 

Quality assessment of full text studies 
 

(Al Khaja et al., 2005) P P P P P P P 

O
  
O
  O O P O O n n 

 
 
 
 
8 

(Al Khaja et al., 2006) P O O O P P P 

P
  
P O O O O O n n 

 
 
 
5 

(Al-Tajir and Kelly, 2005) P P P P P P P 

P 
O
  P O O P O n n 

 
 
 

9.5 

(Irshaid et al., 2005) P O P O P P P 

P
  
O
  O O O O P n n 

 
 
 
 
 

6.5 

(Dibbi et al., 2006) P O P O P P P 

P
  
O
  O O O O O n n 

 
 
 
 

5.5 

(Al Khaja et al., 2007) P O P P P P P 

O
  
O
  O O O O O n n 

 
 
 
 
6 

(Elnour et al., 2007) P P P P P P P 

P 
O
  P P O O O n n 

 
 
 

9.5 

(Al-Hussein, 2008) P O P P P P P 

O
  
O
  O O O O O n n 

 
 
 
 
6 

(Al Khaja et al., 2008a) P O P P P P P 

P
  
O
  P P P O O n n 

 
 
 
 
 

9.5 

(Al-Olah and Al Thiab, 2008) P P P P P P P 

P
  
O
  P P P O P n n 

 
 
 
 

11.5 

(Hooper et al., 2009) P P P O P P P 

P
  
O
  P P P O P n n 

 
 
 
 

10.5 

(Sadat-Ali et al., 2010) P P P O P P P 

P 
O
  O O P O P P O 

 
 

9.5 

(AbuYassin et al., 2011) P P P P P P P 

P
  
O
  O O P P P n n 

 
 
 
10.5 

(Al-Dhawailie, 2011) P O P O P P P 

O
  
O
  O O P O P n n 

 
 
 
 
7 

(Al-Jeraisy et al., 2011) P P P P P P P 

P
  
O
  O P P O P n n 

 
 
 
 

10.5 

(Khoja et al., 2011) P P P P P P P 

P 
O
  P P P O O n n 

 
 
 

10.5 

(Al-Ghamdi et al., 2012) P P P O P P P 

P
  
O
  P P P O P n n 

 
 
 
 

10.5 

(Al-Jazairi et al., 2008) P O P O P P P 

O 
O
  P P P P P n n 

 
 

10 

(Al Khaja et al., 2012) P P P P P P P 

P 
O
  P P P O O n n 

 
 
 

10.5 

(Al Shahaibi et al., 2012) P O P O P P O 

P
  
O
  O P P O O n n 

 
 
 
 

6.5 
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Reference 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
 
Sum 

 (Arabi et al., 2012) P P P P P P P 

P
  
O
  P P P P O n n 

 
 
 
 

11.5 

(Rashed et al., 2012) P P P P P P P 

P 
O
  P P P O P n n 

 
 
 

11.5 

(Al-Arifi, 2014) P P P O n P P 

P 
O
  P P O O O n n 

 
 
7.5 

(Aljadhey et al., 2013) P P P P P P P 

P
  
O
  P P P O P n n 

 
 
 
11.5 

(Al-Khani et al., 2014) P O P O P P P 

P 
O
  O P O O P n n 

 
 
 

7.5 

(Al-Omar et al., 2013) P P P P P P P 

P 
O
  O O P O P n n 

 
 

9.5 

(Al Rahbi et al., 2014) P O P O P P P 

P
  
O
  O O O O P n n 

 
 
 
 

6.5 

(Al-Rowibah et al., 2013) P O P O n P P 

P
  
O
  O O P O P n n 

 
 
 
 

6.5 

(Alshaikh et al., 2013) P P P O P P P 

P
  
O
  O O P O P n n 

 
 
 
 

8.5 

(Aseeri, 2013) 
 
P P P P P P P 

P
  
P O P P P P n n 

 
 
 
 

12 

(Rashed et al., 2013) P P P P P P P 

P
  
O P P P O P n n 

 
 
 

11.5 

(Alakhali et al., 2014) P P P P O P P 

P
  
O
  O O O O O n n 

 
 
 
 
 

6.5 

(Al-Arifi et al., 2014) P P P P P P P 

P 
O
  O O P O P n n 

 
 
 

9.5 

(Albarrak et al., 2014) P O P O P P P 

P 
O
  P O P P P n n 

 
 
 

9.5 

(Almazrou et al., 2015) P O O O P P P 

P
  
O
  O O P O O O P 

 
 

 
6.5 

(Kheir et al., 2014) P P P O P P P 

P
  
O
  P P P O P n n 

 
 
 
 

10.5 

(Al Anazi et al., 2015) P O P P P P P 

P
  
O
  P P P P P n n 

 
 
 
 

11.5 

(Alghamdy et al., 2015) P P P O P P P 

P
  
O
  O P P O O n n 

 
 
 
 

8.5 

(Youssef et al., 2015) P O P P P P P 

P
  
O
  O P P P P n n 

 
 
 
 

10.5 

(Al Hamid et al., 2016) P P P P P P P 

P
  
P
  P P P O P n n 

 
 
 
 

12 

(Aljadhey et al., 2016) P P P P P P P 

P
  
P
  P P P O P n n 

 
 
 
 

12 

(Al Odhayani et al., 2017) P O O O O P P 

P
  
O
  O O O O O n n 

 
 
 
 

3.5 
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Appendix E: Definitions used for outcomes by studies included in the review. 

Term Definition Definition 
reference 

Used by  

Medication 

error 

“Any preventable event that may 

cause or lead to inappropriate 

medication use or patient harm while 

the medication is in control of 
healthcare professional, patient, or 

consumer”. 

 

(NCCMERP, 

2014a) 

And 1995, 2005, 

2008, and 2012 
 

(Al Khaja et al., 

2005) 

(Elnour et al., 2007) 

(Hooper et al., 2009) 
(Khoja et al., 2011) 

(Arabi et al., 2012) 

(Alshaikh et al., 

2013) 

(Aljadhey et al., 

2013) 

(Alakhali et al., 2014) 

(Alghamdy et al., 
2015) 

(Mahmoud et al., 

2016) 

“A failure in the treatment process that 

leads to, or has the potential to lead 

to, harm to the patient”. 

(Ferner and 

Aronson, 2006) 

(Al Khaja et al., 

2012) 

“A medication error was defined as an 

error in the medication process: 

ordering, transcription, dispensing, 
and administration, and discharge 

summaries”. 

(Bates et al., 

1995b) 
 

 

(Almazrou et al., 

2015) 

(Aljadhey et al., 
2016) 

 

“A medication error was defined as an 

error in the medication process: 

ordering, transcription, dispensing, 

and administration, and discharge 

summaries. Errors included wrong as 

well as missing actions”. 

(Lisby et al., 2005) (Alakhali et al., 2014) 

 

 

“Medication errors were defined as 
errors in drug ordering, transcribing, 

(Kaushal et al., 
2001) 

(Al-Jeraisy et al., 
2011) 
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Term Definition Definition 
reference 

Used by  

dispensing, administering or 

monitoring”. 

“Medication errors were defined as 

any preventable error in the 

medication administration process 
starting from prescribing and 

including preparing, dispensing, 

administering, monitoring the patient 

for effect, and transcribing (eg. 

medication administration record)”. 

(Miller et al., 2007) (Al-Jeraisy et al., 

2011) 

“A dose of medication that deviates 

from the physician’s order as written 

in the patient’s chart or from standard 
hospital policy and procedures”. 

(ASHP, 1982) (Sadat-Ali et al., 

2010) 

“Defined as any preventable event 

that may cause or lead to 

inappropriate medication use or 

patient harm”. 

(Flynn et al., 1999) (Elnour et al., 2007) 

Prescription 

error 

Prescription error categories: 

• Omissions; major omissions, 
minor omissions 

• Dose or direction error 

• Legal requirements not met 

• Prescription written for a non-
prescription product  

• Unclear quantity prescribed 

• Incomplete; As directed or as 

needed (PRN)” 

(Shaughnessy 

and Nickel, 1989) 

(Khoja et al., 2011) 

(Al Khaja et al., 

2005) 

(Al Khaja et al., 
2007) 

 

Prescribing 
error 

“A clinically meaningful prescribing 
error occurs when, as a result of a 

prescribing decision or prescription 

writing process, there is an 

unintentional significant reduction in 

the probability of treatment being 

(Dean, 2000) (Al Khaja et al., 
2012) 

(Al-Dhawailie, 2011) 
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Term Definition Definition 
reference 

Used by  

timely and effective increase in the 

risk of harm”. 

Prescribing errors identified were 

dealt with in one of two ways:  

• if medication orders were 
ambiguous but the 

pharmacist could determine 

the medication intended, he 

or she would endorse the 

drug chart accordingly.  

• if the pharmacist was not 
certain of the medication 

intended or if the error 

concerned more fundamental 

errors in the choice of drug 

or dose, the prescriber would 

be contacted to resolve the 
issue. 

(Dean et al., 

2002a) 

(Al-Dhawailie, 2011) 

Classification of prescribing errors as 

type A (potentially serious to patient), 

type B (major nuisance- 

pharmacist/doctor contact required); 

type C (minor nuisance- pharmacist 

must use professional judgement) 

and type D (trivial). 

(Neville et al., 

1989) 

(Khoja et al., 2011) 

(Al-Hussein, 2008) 

(Altebenaui, et al., 

2015) 

 

“Prescribing errors may be defined 
as an incorrect drug selection for a 

patient.” 

(ASHP, 1993) (Elnour et al., 2007) 

Dispensing 

error 

“Dispensing errors are mistakes made 

by staff when distributing medications 

(Allan and Barker, 

1990) 

(Elnour et al., 2007) 



250 
 

Term Definition Definition 
reference 

Used by  

to nursing units or directly to patients 

in an ambulatory-care pharmacy.” 

(Flynn et al., 2002) 

 “Dispensing errors are defined as any 

inconsistencies or deviations from the 

prescription order such as dispensing 

the incorrect drug, dose, dosage form, 

wrong quantity, inappropriate 

incorrect or inadequate labelling, 

confusing or inappropriate 
preparation, packaging, or storage of 

medication prior to dispensing.” 

(Szeinbach et al., 

2007) 

(Al-Arifi, 2014) 

Administration 

error 

“A drug administration error is error or 

omission or commission that occurs in 

the administration stage when the 

medication has to be given by a 

nurse, the patient himself or herself, 

or a caregiver. 

(Flynn et al., 2002) (Elnour et al., 2007) 

Administration 

error 

“An opportunity for error is defined as 

any drug prescribed, any unordered 
or omitted drug, any dose given, and 

any dose omitted.” 

Definitions utilised 

but not 
referenced. 

(Aljamal, 2013) 

Medication 

reconciliation 
errors 

Discrepancies were classified as 

omissions (not ordering a medication 
used by a patient prior to admission); 

commission (adding a medication not 

used prior to admission); or wrong 

dose, frequency, or route of 

administration. 

Definitions utilised 

but not 
referenced. 

(AbuYassin et al., 

2011) 

Drug related 

problem 

“A drug related problem is an 

undesirable patient experience that 

involves drug therapy and that 

actually or potentially interferes with a 
desired patient outcome.” 

(Strand et al., 

1990) 

(Al-Olah and Al 

Thiab, 2008) 

(Al-Arifi et al., 2014) 

(Alghamdy et al., 
2015) 
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Term Definition Definition 
reference 

Used by  

“An event or circumstance involving 

drug therapy that actually or 

potentially interferes with the desired 

health outcome.” 

(PCNE, 2010) 

(1999) (2008), 

(2012) 

(Hooper et al., 2009) 

(Rashed et al., 2012) 

(Rashed et al., 2013) 

(Kheir et al., 2014) 
(Alghamdy et al., 

2015) 

(Al Hamid et al., 

2016) 

Adverse drug 

event (ADE) 

“ADEs are any noxious, unintended, 

and undesired reaction that occurs 

because of a drug in doses normally 

used in man for prophylaxis, 
diagnosis, or therapy of disease or for 

the modification of physiologic 

function, or that is caused by drug 

interactions, allergic drug reactions 

and medication errors.” 

WHO 1999 (Al-Tajir and Kelly, 

2005) 

 

 “An adverse drug event is an injury 

caused by a medication, which 

include both adverse drug reactions 
(an effect which is noxious and 

unintended, and which occurs at 

doses used in man for prophylaxis, 

diagnosis or therapy) as well as 

harmful effects arising from errors at 

any stage including ordering, 

transcribing, dispensing, 

administering, or monitoring of a 
drug.” 

(Bates et al., 

1995b) 

(Jha et al., 1998) 

(Gandhi et al., 

2000) 

 

 

 

(Aljadhey et al., 

2013) 

(Aljadhey et al., 
2016) 

 

 An ADE was defined as an injury due 

to a medication, including both 

(Nebeker et al., 

2004) 

(Al-Ghamdi et al., 

2012) 
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Term Definition Definition 
reference 

Used by  

adverse drug reactions and injuries 

caused by medication errors. 

Potential 

adverse drug 

event 

A potential adverse drug event is a 

medication error with the potential to 

cause an injury but which does not 

actually cause any injury, either 

because of specific circumstances, 

chance, or because the error is 
intercepted and corrected”. 

(Morimoto et al., 

2004) 

(Aljadhey et al., 

2013) 

(Aljadhey et al., 

2016) 

 

Non 

preventable 

adverse drug 

reaction 

Non preventable adverse drug 

reactions, also known as adverse 

drug reactions, are defined by the 

WHO as ‘a response to a drug which 

is noxious and unintended, and which 

occurs at doses used in man for 

prophylaxis, diagnosis, or therapy of 
disease, or for the modifications of 

physiological function.’ 

WHO, 2014 (Aljadhey et al., 

2016) 

 

Potentially 

Inappropriate 

medications 

Potentially inappropriate medications 

are medications in which the risks of 

use outweigh the benefits. 

(Rancourt et al., 

2004) 

(Al-Omar et al., 

2013) 

Beer’s criteria-Potentially 
inappropriate medication list as 

updated by Fick and colleagues 

(2003). 

(Fick et al., 2003) (Al-Omar et al., 
2013)  

Beer’s criteria-Potentially 

inappropriate medication list as 

updated by Fick and colleagues as 

part of the American Geriatrics 

Society (2012). 

(The American 

Geriatrics Society 

2012 Beers 

Criteria Update 

Expert Panel et 

al., 2012) 

(Al Odhayani et al., 

2017) 
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Appendix F: Data extracted from studies included in the review. 

 

Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

Studies describing medication errors 

Studies describing prescribing errors (n=17) 

 
(Al Khaja et 

al., 2005) 

Bahrain 

Retrospective 

clinical 

prescription 
review 

A medication error 

is defined as per 
NCC MERP 1995, 

revised and 

updated in 2014 

and cited in this 
thesis as available 

online 

(NCCMERP, 
2014b). 

Audit of prescriptions 

to screen for errors 

(for a two-week 
period). 

Identification of 

prescribing errors and 

their determinants in a 
primary care setting. 

Of 77,511 prescriptions audited, 
5,959 (approximately 8%) were 

identified to contain errors. The 

5,959 prescriptions contained 
16,901 medications, of which 

13,630 (approximately 85%) 

were with errors.  Major errors of 

omission associated with topical 
preparations were significantly 

higher than those with systemic 

preparations. However, 
prescriptions with systemic 

preparations had a higher rate of 

commission errors. 

(Irshaid et 

al., 2005) 
KSA 

Retrospective 

analysis of 
prescriptions 

None used 

Prescriptions were 

analysed for the 

essential elements to 
be included in the 

prescription order and 

Prescriptions written 

by physicians were 

screened for the 
stated essential 

elements. 

Three thousand seven hundred 

ninety-six prescriptions 

analysed, approx. seven 
percent of the total prescriptions 

written during that period. The 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

the data recorded 
using a coding key. 

The information within 

the prescription was 

judged “unclear” if one 
word was not written 

clearly and 

“unreadable” if none 
of the three 

investigators present 

during the screening 
session could read it. 

name and signature of the 
prescriber was included in 

approx. 83% and 82% of 

prescriptions respectively. The 

handwriting of the prescriber 
was not clear in approx. 64% of 

the prescriptions. The strength 

of the medications was included 
in approximately 26% of the 

prescriptions. 

 

(Al Khaja et 

al., 2006) 
 

Bahrain 
Cross- sectional 
prescription 

review 

Major errors of 

omission, major 
errors of 

commission were 

defined as per (Al 
Khaja et al., 2005). 

The British 

national formulary 
(Joint Formulary 

Committee, 2002)  

was referred to for 

the dose ranges 
and paediatric 

doses were 

Prescriptions issued 
to infants were 

analysed for 

prescribing pattern 
and prescribing 

errors. 

Nationwide study 

evaluated the 

prescribing profile and 
prescribing errors of 

antimicrobials in 

infants, in primary 

care. 

Of 2,282 dispensed 

prescriptions, 543 included an 
antimicrobial agent. Of these: 

One hundred nineteen were 

prescribed at sub therapeutic 
doses 

Twenty-eight were prescribed at 

supra therapeutic doses. The 
remainder 394 were prescribed 

at therapeutic doses. 

Major errors of omission from 

prescription involved duration of 
therapy, dosage form. Errors of 

commission commonly included 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

calculated as per 
(Insley, 1996) 

dosing frequency and dosage of 
antimicrobials. 

(Al Khaja et 
al., 2007) 

 

Bahrain 

Retrospective 

clinical 

prescription 
review 

As defined in a an 

earlier study by the 

same authors.  (Al 
Khaja et al., 2005) 

Prescriptions issued 
for infants were 

collected and 

reviewed over a 2-
week period from 20 

health centres. 

The trends in drug 

utilization including 
off-label drug 

prescribing and the 

prevalence, and the 
type of medication-

related prescribing 

errors. 

In 2,282 dispensed prescriptions 

a total of 5,745 medications 

were included. 2,066 
(approximately 91% of the 

prescriptions) were identified to 

contain major errors of 
omission, commission, and 

errors of integration. Errors of 

omission accounted for 
approximately 54% and   

included length of 

therapy/quantity and dosage 
form. Errors of commission 

accounted for approximately 

44%, commonly incorrect 
dosing frequency and incorrect 

dose/strength. Prescribing of an 

off-label drug was observed in 
approximately 16% of cases. 

(Khaja et al., 

2008) 
Bahrain 

Prospective 

collection of 

prescriptions for 
two consecutive 

cohorts 

Prescribing errors 

were defined 

according to: 
(Shaughnessy 

and Nickel, 1989) 

All prescriptions 

issued (by 12 final 

year residents) in May 
2004 and (14 final 

year residents) in 

The percentage of 

omission commission 

and integration related 
errors in prescriptions 

written by final year 

A total of 2,692 prescriptions 

were collected. Eighty-eight 

percent were identified to 
include major errors of omission. 

Dosage form and length of 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Howell and 
Jones, 1993) and 

(Ferner and 

Aronson, 1999) as 

well as (Ferner 
and Aronson, 

2006) and (Al 

Khaja et al., 2005). 

2005 were collected. 
Prescriptions were 

screened by one 

author of this study, 

and subsequently 
audited by another 

author. 

residents were 
calculated. 

treatment were frequent 
omissions.  As for errors of 

commission, dosing frequency 

was the most common 

incorrectly stated component. 

(Al-Hussein, 
2008) 

 

 
 

KSA 

Cross-sectional 

audit of 

prescriptions 

Nonconformities 

were classified 
according to the 

component of 

prescribing 
process involved: 

patient, provider, 

prescribing, drug / 
dispensing or 

others (as 

described by study 
author). A second 

classification was 

used according to 

that of (Neville et 
al., 1989). 

Prescriptions were 

collected during audits 

done fortnightly by 
sampling random 

selection of 30 

prescriptions, for a 
total of 330. 

Information about 

each prescription was 
entered in a database 

by the pharmacists 

and based on yes-no 
answers to status of 

compliance to the 

indicators, an 

automated decision 
was made on 

conformity. 

To explore the degree 

of prescription 
conformity to the 

prescribing guidelines 

at primary care. This 
is in order to develop 

and incorporate a 

systematic process in 
prescription errors in 

primary care and 

provide the health 

care providers with 
feedback. 

Approximately 13% of 
prescriptions fully conformed to 

the given guidelines, while the 

remainder (87%) did not 
conform. Less than 1% of the 

inconsistencies were potentially 

harmful to the patient, approx. 
77% had possible negative 

effect on the pharmacist’s work. 

Patient information was deficient 

in approx. 17% of cases. 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Khoja et al., 

2011) 
 

 

KSA  

 
 

 

Cross-sectional 

audit of 
prescriptions 

prescribed or 

dispensed over 
one full working 

day. 

Defined 
prescription errors 

as per USA 

Pharmacopeia, 

1995.(USP, 1995) 
Utilised the 

classification of 

Neville and 
colleagues  for 

system for 

classifying 
prescription errors 

to classify errors 

as type A, B, C or 
D (Neville et al., 

1989). 

Samples of 

prescriptions were 

analysed to obtain 
evidence about the 

nature and extent of 

errors. Prescriptions 
containing errors were 

allocated an error 

classification following 
a discussion between 

one investigator and 

pharmacists involved. 

Prescriptions errors 

and comparison 
between private and 

public sectors. 

Public clinics- 1,182 
prescriptions (2,463 prescribed 

drugs). Private clinics- 1,200 

prescriptions (2,836 prescribed 

drugs) = Total (5,299) drugs.   
Prescribing errors were found 

on 990 (approximately 19%).   

Both type B and type C errors 
were more common in public 

than private primary health care 

centres. Type D were more 
frequently found on private than 

public clinic prescriptions. 

(Al-

Dhawailie, 

2011) 

 
 

KSA Not stated 

The sited 

medication errors 
were categorised 

according to the 

definition used by 

Dean and 
colleagues (Dean 

et al., 2002a, 

2002b). 

The inpatient 
medication charts and 

handwritten orders 

were identified and 
rectified by ward and 

practicing 

pharmacists within 

inpatient pharmacy 
services.  Data were 

collected and 

To detect the 

incidence of 
prescribing errors for 

hospitalised patient, to 

evaluate the clinical 

impact of pharmacist 
intervention on the 

detection of these 

errors 

Of 1,580 prescriptions, 113 
(approx. 7%) were detected to 

contain prescribing errors and 

intervened by the clinical 
pharmacists. The errors of 

wrong strength and wrong 

administration frequency of the 

prescribed drug were the most 
errors reported (approx. 35%, 

and 23%, respectively). Other 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

evaluated. The 
causes of problem 

were identified and 

dealt with in one of 

two ways. 

errors as wrong patient/ drug or 
wrong dose were also 

encountered. The prescribing 

errors encountered were of 

varying severity. Multiple factors 
were identified: lack of training 

for medical students about this 

during undergraduate studies, 
work-load, stress and ineffective 

communication between 

healthcare professionals. 

(Al-Jeraisy et 
al., 2011) 

KSA 
Retrospective 
cohort study 

A prescription 
error was defined 

according to the 

following 
references: 

(Kaushal et al., 

2001; Lesar et al., 
2006; Abushaiqa 

et al., 2007; Miller 

et al., 2007; Kohn 

et al., 2000).   

Physical inspection of 

physician medication 
and reviews of 

patients’ files. 

Determine incidence 
and types of 

medication 

prescription errors 
and identify some 

potential risk factors in 

a paediatric inpatient 
tertiary care setting. 

Out of 2,380 orders examined in 

the five-week period, error rate 

was 56 per 100 medication 
orders (CI: 54.2%, 57.8%) Dose 

errors accounted for approx. 

40% of these errors, while 
incorrect dose errors approx. 

21%. The errors occurred more 

frequently with intravenous 
route of administration and one 

third occurred in paediatric 

intensive care unit. 

(Al Khaja et 

al., 2012) 
Bahrain 

A retrospective, 
nationwide audit 

of prescriptions. 

Medication error 
has been defined 

according to the 

The eligible 
prescriptions were 

carefully audited by 

This study was carried 
out to identify the 

frequency and nature 

Two thousand, seven hundred 
and seventy-three prescriptions 

were analysed. Approximately 



259 
 

Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

definitions of 
(Ferner et al 

2006). 

‘A prescribing 

error has been 
defined according 

to the definitions of 

(Dean, 2000). 

the first author and 
then independently 

reviewed by second 

and third authors. 

Discrepancies were 
resolved by 

discussion. 

of medication 
prescribing errors the 

medication 

prescribing errors 

pertaining to 
cardiovascular/antidia

betic medications in 

prescriptions written 
by primary care 

physicians. 

26% of prescriptions had 
medication prescribing errors. 

No significant differences with 

respect to overall errors were 

evident in prescriptions ordered 
by the family physicians and 

general practitioners. 

Prescribing errors commonly 
involved lipid lowering 

medications, β-blockers, high 

dose metformin and high dose 
glibenclamide. 

(Al Shahaibi 
et al., 2012) 

 

Oman 
 

 

Observational, 

retrospective 
None stated 

Retrospective 

analysis of 900 
prescriptions from four 

different hospitals. 

Each prescription was 
checked five times, 

once for the 

superscription errors, 
then second 

inscription, next for 

the subscription 

errors, followed by 
legal errors, and last 

for reviewing it all. 

To evaluate and 
analyse the 

handwritten outpatient 

prescriptions and 
associated error of 

omissions. 

Nine hundred handwritten 

outpatient prescriptions were 
analysed; a total of 1,471 drugs 

were prescribed. 

Most common type of 
superscription error of omission 

was found to be age and 

gender. The most common 
inscription omissions were of 

dosage form and strength/dose 

of drug. Subscriptions omission 

were omission of prescriber’s 
signature, while date of 

dispensing medication was 



260 
 

Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

omitted in 100% of 
prescriptions. 

(Aseeri, 

2013) 

 

KSA 

Retrospective 

cohort study. 
 

 

A dosing error was 

defined as per 
McPhillips et al., 

(2005). A dosing 

error was defined 
as the presence of 

an antibiotic dose 

that was 110% or 
more of the 

maximum 

recommended 
daily dose or 

below 90% of the 

minimum 
recommended 

daily dose. 

A retrospective cohort 

study of 300 randomly 

collected, physician-
prescribed antibiotic 

order sheets was 

performed over a 2-
week period within 

different settings in 

the tertiary hospital 
(inpatient unit, 

ambulatory care clinic 

and emergency 
department). 

Three hundred 

prescriptions 
collected in pre 

implementation phase 

and in the post 
implementation phase 

300 prescription 

sheets were collected. 

The objective was to 
compare the rate of 

dosing errors for 

antibiotic orders in 
paediatric patients 

before and after the 

implementation of a 
standard dosing table. 

The dosing table was 

for oral or parenteral 
antibiotics with pre-

calculated dosage for 

different weight 
ranges. 

Physician compliance with the 

antibiotic dosing standardization 

policy after implementation was 
62%. The dosing 

standardization policy reduced 

the rate of dosing errors from 
approx. 34% to approx. 5% 

(P=0.0001), and weight 

documentation on the antibiotic 
prescriptions improved from 

approx. 65% to approx. 85% 

(P=0.0001). 

(Albarrak et 
al., 2014) 

 

KSA 
Prospective 

study. 
None stated 

Handwritten 
prescriptions were 

received from three 

To assess the 
legibility and 

completeness of 

Three hundred ninety-eight 
prescriptions (199 handwritten, 

199 electronic prescriptions) 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

outpatient 
departments whereas 

electronic 

prescriptions were 

collected from the 
paediatric ward. The 

handwritten 

prescriptions were 
evaluated for 

completeness and 

legibility by two 
pharmacists. The 

comparison between 

handwritten and 
electronic prescription 

errors was assessed 

based on the 
validated checklist 

adopted from previous 

studies. (Al-Jeraisy et 
al., 2011; Bobb et al., 

2004; Delgado 

Silveira et al., 2007). 
The prescriptions 

were evaluated for 

legibility by two 

handwritten 
prescriptions and 

compare with 

electronic prescription 

system for medication 
errors. 

were assessed. Seventy-one 
(approx.36%) of handwritten 

and 5 (approx. 3%) of electronic 

prescriptions were identified to 

contain errors. A significant 
statistical difference (P < 0.001) 

was observed concerning 

omitted dose and omitted route 
of administration. The rate of 

medication prescription 

completeness in handwritten 
prescriptions approximately 

ranged from 88% to 91% from 

the three different clinical units. 
In handwritten prescriptions 

there were drug interactions 

evident but in the electronic 
prescriptions drug interactions 

were not reported. 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

pharmacists 
according to a three 

point legibility scoring 

Likert scale similar to 

the study (Mendonça 
et al., 2010). 

(Altebenaui, 

et al., 2015) 

 
(Conference 

abstract) 

KSA Not stated 

As per the 
classification of  

Neville and 

colleagues 
(Neville et al., 

1989). 

Prescription errors 
were classified as 

major (potentially 

life threatening), 
minor (non-life 

threatening) or 

trivial. 

Retrospective cross-
sectional analysis of 

physician 

prescriptions that 
were issued over a 

one-month period. 

One thousand 
prescriptions were 

randomly selected for 

review. 

Identifying the types 
and frequency of 

prescription errors 

from different 
departments, 

outpatient and 

emergency room. 

Patient file numbers and 

medication dosages were 
missing in more than 20 and 40 

%, of reviewed prescriptions, 

respectively. 
At least 30 % of the reviewed 

prescriptions were deemed to 

have had illegible handwriting. 
Items including age, physician 

signature and stamp, date, sex 

diagnosis were missing in more 
than 50 %.  Patient weight was 

missing from all transcripts. 

Prescriptions written by 
emergency room physicians had 

more missing items compared to 

those wrote by outpatients’ 

clinics (P = 0.01). 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Youssef et 
al., 2015) 

 

KSA 
Retrospective 

study 

To calculate renal 
function the 

modification of diet 

in renal disease 

(MDRD) formula 
was used, and 

Cockgroft Gault, 

as per National 
Institute of 

Diabetes and 

Digestive Kidney 
Disease (National 

Institute of 

Diabetes and 
Digestive and 

Kidney Diseases, 

2014). 

Detailed prescriptions 
were abstracted from 

the electronic medical 

record. Examination 

of the data was 
performed for 

medications that are 

renally cleared and/or 
potentially 

nephrotoxic. These 

medications were 
then categorised 

according to the 

CDSS internal 
database into two 

types, as a 

contraindicated 
medication OR not a 

contraindicated 

medication. 

Determination of 

various types of 

contraindicated 
medications that are 

administered to 

patients with renal 
insufficiency (by 

physicians who 

override alerts 
provided by CDSS). 

Out of the 314 prescriptions 
that were renally cleared and/or 

potentially nephrotoxic, 44 

(14%) were for contraindicated 
medications. The 

contraindicated medications 

ordered were limited to aspirin, 
gliclazide, nitrofurantoin; and 

spironolactone. 

 

 

(Al Anazi et 

al., 2015) 
 

 

KSA Cross-sectional Not stated 

Reviewing charts and 

prescriptions of 

patients complaining 

of infections. The 
prevalence of an 

inappropriate 

Study purpose was to 

assess the prevalence 

and predictors of 

antibiotic-related 
prescription errors 

among patients 

Adults (>15 years) were approx. 

61%, whereas paediatrics (<15 

years) were approx. 39%. 

Majority of patients were not 
screened for antibiotic allergies 

(approx. 92%). Three main 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

 antibiotic prescription 
was accounted as a 

physician order with at 

least one type or more 

of errors divided by 
total number of 

prescriptions and 

multiplied by 100. 

admitted to an 
emergency centre at a 

tertiary health care 

facility. 

antibiotic categories were 
prescribed in both age groups: 

penicillin, cephalosporin, and 

macrolide. 

The prevalence of inappropriate 
antibiotic prescriptions with at 

least one or more types of errors 

was approximately 46%, which 
was significantly higher among 

paediatrics compared to adults 

(P=0.001). Physicians tend to 
prescribe antibiotics with higher 

than the recommended dosages 

and/or frequencies. 

(Mahmoud et 

al., 2016) 

 
(Conference 

abstract) 

KSA 

Retrospective 

chart review 

chart study 

 Prescribing error 

defined as per 
NCC MERP index 

revised and 

updated 2014 as 
available online 

and cited in this 

thesis 
(NCCMERP, 

2014a). 

 

Four-month 

retrospective chart 
review chart study. 

The severity of 

prescribing errors 
was determined by 

two independent 

reviewers. 

 
Aim was to determine 

the incidence of 

prescribing errors 
using a validated 

definition. The main 

study outcomes were 
the percentage of 

medication orders and 

hospital admissions 
with prescribing 

Six hundred ninety-one 

prescribing errors were in 2,033 

patient files. The incidence of 
prescribing errors was 3.6 (95% 

CI, 3.3-3.9) per 100 

prescriptions. Per 100 
admissions the prescribing error 

incidence was 33.9 (95% CI, 

31.5-36.6) and 76.5 (95% CI, 

70.9 - 82.3) per 1000 patients’ 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

errors; and the types 
of prescribing errors. 

days. The most common 
prescribing error type was 

dosing errors, while antibiotics 

were the most common drug 

class involved with prescribing 
errors. 

Studies describing medication errors 

Studies describing administration errors (n=2) 

(Aljamal, 
2013) 

(Conference 

abstract) 

KSA 

 
 

A cross-

sectional 

prospective 
observational 

study 

An opportunity for 

error is defined as 

any drug 

prescribed, any 
unordered or 

omitted drug, and 

any dose given, 
and any dose 

omitted. Disguised 

method was used. 
Definitions utilised 

but not 

referenced. 

Medication 
administration error 

was calculated by 

dividing actual errors 
by the total number of 

opportunities for 

errors.  Disguised 

method was used. 
The nurses were 

accompanied during 

medication 
administration. These 

medications were 

then registered and 
compared with 

eligible prescriptions 

in the medication 
chart. 

The objective of this 

study was to assess 

the frequency, type, 
and potential clinical 

consequences of 

medication 
administration errors 

in a tertiary hospital. 

A total of 169 medication 

administration errors were 
observed out of 2,112 

opportunities for error, 

representing an error rate of 

eight percent. Five types of 
errors were detected including 

dose omission (35 %), wrong 

dose (5%), wrong drug (2 %), 
wrong technique (1 %) and 

wrong time (57%). Majority of 

errors did not cause harm and 
six errors were prevented 

before reaching patients. 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Almazrou et 

al., 2015) 
 

 

KSA 

A cross-

sectional 

observational 
study. 

 

 

A medication error 

was defined as per 
(Bates et al., 

1995a). 

Interviews of the 
mothers were 

performed by 

pharmacy students. 

The mothers were 
required to 

demonstrate how to 

measure 5 mL of 
paracetamol syrup 

using a cup and a 

syringe and 1 mL of 
paracetamol syrup 

using a dropper while 

being observed, 
dosing errors were 

evaluated visually. 

A cross-sectional 

study in which 

mothers were 
observed as they 

used a set of 

commonly available 
dosing devices which 

are a dosing cup, 

syringe, and dropper 

Of 575 participants these 

measured an accurate dose of 
paracetamol using: 

an oral dosing syringe 334 

(58%) dropper- 286 (50%) 
dosing cup. As for errors, 

participants measured more 

than the intended dose with the 
dosing cup and less than the 

intended dose with the dropper. 

Studies describing medication errors 

Studies assessing errors in medication history and medication reconciliation errors (n=5) 

(Rehmani, 

2011) 

 
(Conference 

abstract) 

 

KSA 

 

 

 
 

Prospective 

cross-sectional 

survey 

None Specified 

Nurses recorded a 
medication list during 

triage in the EMR. 

This home medication 
list was not placed in 

the emergency 

department chart. 
Records were then 

Evaluate the 
accuracy of 

medication history 

taking in emergency 
department triage. 

Two thousand one hundred 
seventy adults completed the 

survey (88% of patients 

approached). 
Discrepancies in medication 

lists obtained during triage were 

documented in (52%) of 
patients. The dosing or 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

 
 

 

reviewed by a 
physician. The 

research generated 

home medication list 

was compared to the 
standard medication 

list and the number of 

omissions, 
duplications, and 

dosing errors was 

determined. 

frequency error was (62.0%). 
Discontinued medications were 

included, additional medications 

were omitted, and patients 

reported taking a non-
prescription medication not 

listed in the electronic medical 

record. 

(AbuYassin 

et al., 2011) 

 

KSA 
 

Prospective 

observational 

study 

Definition for 

discrepancies 

utilised but not 
referenced.  

Discrepancies 

were classified as 
omissions (not 

ordering a 

medication used 
by a patient prior 

to admission); 

commission 

(adding a 
medication not 

used prior to 

A pharmacist 
screened the patient’s 

chart and reviewed 

recent lab results and 
interviewed patients to 

acquire 

comprehensive 
medication history. All 

information obtained 

from patients was 

compared with 
medications recorded 

by the physician upon 

the patients’ 

To investigate the role 

of pharmacists in 
identifying 

discrepancies in 

medication history at 
admission to 

hospitals. 

Sixty patients were interviewed, 
taking a total of 564 

medications. At least one 

discrepancy was found in 37% 
of patients, and the most 

common discrepancies 

observed were omissions of 

medications and dosage errors. 
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outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

admission); or 
wrong dose, 

frequency, or 

route of 

administration. 

admissions to the 
hospital. 

(Al Anany et 
al., 2012) 

 

(Conference 

abstract) 

 

Qatar 
 

Not stated but 

from the 

description it is a 
cross sectional 

interventional 

study 

None stated 

Clinical pharmacists 

conducted interviews 

with the patient or 
caregiver in the first 

24 hours of admission 

or transfer to review 
their medications. The 

collected data were 

then compared with 
the current medication 

list prescribed after 

admission or transfer. 
The interventions 

were done through a 

medication 
reconciliation process 

on specially prepared 

form. 

To highlight the 
impact of medication 

reconciliation 

conducted by clinical 
pharmacists on 

reducing adverse drug 

events during 
admission and 

transfer by identifying 

different types of 
interventions. 

For the 52 patients interviewed, 

the total number of medications 

reconciled was 263. Of these, 
93 medications (35%) required 

the intervention of clinical 

pharmacists. Omission was the 
most common type of error, 

followed by wrong doses and 

medications with no indication. 

(Aljadhey 

and Al-

 
 

KSA 

Observational 
Cross-sectional 

 

None stated 
Discrepancies 
(number and type) 

were recorded in a 

To identify the 
discrepancies number 

and type upon 

One-hundred and seventy-three 
patients were screened, and 

568 discrepancies were 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

Rashoud, 
2013) 

 

 

(Conference 
abstract) 

 

 

 
 

 

 

 

 data collection sheet. 
Then the discharge 

counselling 

pharmacist conducted 

medication 
reconciliation by 

comparing the 

discharge medication 
list with the best 

possible medication 

history provided by 
hospital pharmacy 

records. 

conducting discharge 
reconciliation 

identified in 121 patients, with a 
mean of 4.7 ± 2.8 per patient. 

Eighteen percent of patients 

presented with at least one 

unintentional discrepancy, 
which were omission, 

commission, changed 

frequency, duplication and 
wrong duration. 

 

 
(Sonallah et 

al., 2014) 

 
 

(Conference 

abstract) 

Qatar 

Retrospective, 

descriptive and 
post-

interventional 

study. 

None stated 

A standardised          

medication 

reconciliation form 
was developed and 

used by clinical 

pharmacists as a tool 
to detect the number 

and types of 

medication 
discrepancies and 

document clinical 

pharmacist 
interventions. 

This study was 

conducted to evaluate 

the medication 
reconciliation process 

as a newly initiated 

service by clinical 
pharmacists. 

Two hundred thirty-two forms 
were collected, and 1640 

medications were reconciled. 

One hundred and seventy-eight 
cases (approximately 77%) had 

medication discrepancies upon 

hospital admission. Most of the 
discrepancies were due to 

medication omissions, incorrect 

dosages, and different 
medications. Clinical 

pharmacists’ interventions were 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

carried out in 150 cases 
(approx. 65%). 

Studies describing medication errors 

Studies assessing potentially inappropriate medication use (n=2) 

(Al-Omar et 
al., 2013) 

 

KSA 

A retrospective 

review of 

prescription 
records 

Potentially 

inappropriate 

medication 
defined as per of 

Rancourt and 

colleagues 
(Rancourt et al., 

2004). 

 

Beers criteria as 
updated  (The 

American 

Geriatrics Society 
2012 Beers 

Criteria Update 

Expert Panel et 
al., 2012) were 

used to identify 

the potentially 
inappropriate 

medications. 

The source of the 

data was outpatient 

pharmacy 
prescription records 

at Riyadh Military 

Hospital for 2002, 

2003 and 2004. Data 
were re-coded, new 

variables were 

created and the total 
cost of medications 

was calculated. 

To explore the 

prevalence of 

potentially 
inappropriate 

medications’ use in 

the elderly, to identify 

the trends and 
patterns of 

prescribing such 

medication, and to 
calculate the 

associated direct 

medication cost of 
such practice in Saudi 

hospital. 

A total of 20,521 potentially 

inappropriate medications were 
identified. The prevalence of 

potentially inappropriate 

medication for 2002, 2003 and 
2004 was approx. 3%, 2% and 

2%, respectively. A total of 

approximately 43% of the 
patients had filled a prescription 

of one potentially inappropriate 

medication, the remainder had 

filled a prescription with two or 
more potentially inappropriate 

medication. Digoxin accounted 

for approximately 24% of these 
potentially inappropriate 

medications. Other medications 

involved were cardiovascular 
drugs, iron supplements, and 

laxatives. The total direct cost 

that was associated with 
inappropriate prescribing was 



271 
 

Reference Country Design 
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used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

518,314 Saudi Riyals (USA 
dollars $138,217, where one 

dollar = 3.75 Saudi Riyals). 

(Al Odhayani 

et al., 2017) 

 
 

KSA 

 
Retrospective 

The study 

participants were 

elderly, as defined 
by the  (World 

Health 

Organization, 
2011). 

Beers criteria 

updated 2012 
(The American 

Geriatrics Society 

2012 Beers 
Criteria Update 

Expert Panel et 

al., 2012) was 
used to define 

potentially 

inappropriate 

medication. 

Data were collected 

from patients’ medical 
electronic and non-

electronic records, 

and from the main 
hospital laboratory 

framework. The 

number of potentially 
inappropriate 

medications was 

determined by using 
Beers criteria 2012 

(The American 

Geriatrics Society 
2012 Beers Criteria 

Update Expert Panel 

et al., 2012)and a 
review of the 

literature. 

 

This study aimed to 
establish the extent of 

inappropriate drug 

prescription for and 
use by elderly 

patients. 

Of the 798 included patients; 

419 were using one or more 

potentially inappropriate 
medications. The most common 

potentially inappropriate 

medication was a high dose of 
ferrous sulphate, in about 33% 

of the participants compared to 

the rest of the group (P<0.001). 
Analgesics, opioids, 

antispasmodics and muscle 

relaxants, were frequently 
prescribed. 

Studies describing medication errors 
Studies assessing more than one type of medication error (n=8) 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Dibbi et al., 
2006) 

 

 

KSA 

 
 

A retrospective 

review of patient 
medical records. 

None stated 

Retrospective review 

of medical records for 

adult hospitalised 
patients 18-month 

period. 

The study focussed 
on types, causes, 

contributing factors, 

frequency of 
medication errors and 

patients’ outcome. 

 

Two thousand six hundred 
twenty-seven medical records 

were reviewed, and 3,963 errors 

were identified.  One thousand 

five hundred fifty-nine files 
contain one error, 800 files with 

two errors and 268 files with 

three or more errors. The most 
common error was wrong 

strength (confusion between 

microgram and milligram).        
Other errors included wrong 

route of administration, wrong 

dosage form and wrong dose 
which included over, under and 

extra doses. Medication errors 

were possible to be one of the 
related factors amongst 26 

deaths. 

Causes of error cited- human 
factors as miscommunication 

(including misinterpretation of 

order and written 
miscommunication). 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Elnour et al., 
2007) 

 

UAE 

 

Prospective 
interventional 

study 

A medication error 

is defined by the 
NCCMERP in 

2005, revised and 

updated in 2014 

(NCCMERP, 
2014a). 

Prescribing errors 

defined as per 
American Society 

for Hospital 

Pharmacists 
(ASHP, 1993). 

Dispensing errors 

defined as per 
Allan and Barker 

(Allan and Barker, 

1990) and as per 
Flynn and 

colleagues (Flynn 

et al., 2002). 
MAE defined as 

per Flynn and 

colleagues (Flynn 
et al., 2002) 

A systematic random 
sample of the 

inpatient nursing staff 

completed a 

structured programme 
consisting of pre/post 

self-reported 

questionnaire on a 
new medication safety 

programme (Med 

Safe Tool®) for 
medication error 

reporting. 

The generated 
medication errors 

reported were edited 

by the clinical 
pharmacists, and root 

cause analysis was 

performed. The 
research clinical 

pharmacists reviewed 

and assessed the 
accuracy of each true 

medication error 

incident report. 

Demonstrates the 
benefits of 

implementing a 

computerised 
medication safety 

programme (Med 

Safe Tool) with regard 
to reporting all types 

of medication errors. 

The number of medication 

errors reported to the Med Safe 

Tool® before the programme 
(n= 41) versus (n= 57) after the 

structured programme. There 

were 9 types of medication 
errors (Most errors occurred 

during the medication 

administration stage]. Most of 
the medication errors pertain to 

the outcome category and 

severity code B, as per NCC 
MERP 2005. 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Sadat-Ali et 

al., 2010) 
 

KSA 

 
Retrospective 

The definition of 

medication error 

was of Health 

System 
Pharmacists. 

(ASHP, 1982) 

 

The incident reports 

during two-year period 

were collected and    

analysed for pertinent 
data. The medical 

charts were 

evaluated. 

The prevalence and 
characteristics of 

medication errors 

reported. 

Twenty-three thousand and nine 
hundred fifty-seven patients 

admitted and 38 medication 

errors reported. Most common 

errors:  missed medication, 
expired medication, wrong time 

of medications. 

There were three adverse 
events where the patients had 

extended hospital stay. No 

patients died or experienced 
permanent harm. 

(Hemida et 

al., 2011) 
 

(Conference 

abstract) 

KSA 
 

. 

Observational 

study 
None specified 

All incident reports 

that were voluntarily 
reported from the 

neonatal intensive 

care unit were 
reviewed for 

medication errors. 

From these reports, 

the incidence and 
nature of medication 

errors was estimated. 

To study the nature of 

MEs experienced by 

neonates admitted to 
level III (NICU). 

There were 66 incident reports 

involving medication errors with 
estimated incidence of one per 

250 admissions. Most prevalent 

type was dispensing error 
(91%). Nurses were involved 

more commonly than 

pharmacists and physicians. 
The most common type of MEs 

for nurses: delay/not giving; 

pharmacists: delay /not 

dispensing and physicians; 
incomplete prescriptions. The 

most common medications 
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Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

involved were antibiotics and 
total parenteral nutrition. 

(Arabi et al., 
2012) 

 

KSA 

 

Descriptive 

study of paper-

based incident 
reports. 

ME was defined as 

per NCCMERP 

index (2008) 
revised and 

updated 2014 

(NCCMERP, 
2014a). 

Evaluated submitted 
incident reports from 

all hospital areas 

including the intensive 
care unit for one-year 

period. 

To examine the rates 

and categories of 
incident reports, both 

hospital-wide and in 

the ICU. 

There were 38,171 hospital 

admissions.  Total of 3,041 

incident reports from all hospital 
areas, yielding a rate of 5.8 per 

1000 patient days. Medication 

errors accounted for 
approximately 7% (n=226) and 

13% (n=8) of all incident reports 

from the hospital and the ICU 
respectively. 

(Alshaikh et 

al., 2013) 
 

KSA 

 

Cross sectional 
review of 

occurrence/ 

variant reports 
related to 

medication 

errors. 

NCCMERP index 

(2008) revised and 

updated 2014 
(NCCMERP, 

2014a) 

All occurrence/variant 

reports related to 
medication errors 

were documented on 

a hospital web-based 

medication error form 
that was designed to 

capture information on 

all aspects. ME 
reports were 

reviewed, and results 

reported at quarterly 
intervals over a one-

year period. 

The objective of the 

current study was to 
explore the rate of 

reporting MEs and 

factors associated 
with the root causes of 

these errors in a large 

tertiary teaching 
hospital. 

The medication error rate over 

the one-year study period was 

0.4% (949 medication errors for 

240,000 prescriptions). During 
this period, approx. 1.5% of the 

errors were categorised as 

resulting in any harm to the 
patient (all category E). MEs 

were reported predominantly at 

the prescribing stage (approx. 
89%). Illegible or unclear 

handwriting (17%) was a 

reported cause of error. 
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Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Al-Khani et 

al., 2014) 
 

KSA 

Retrospective 

study including 

incorrect drug 
error reports 

 

Medication 
prescribing error 

was defined as per 

(Dean, 2000). 

The study was a 

review of incorrect 
drug error reports for 

21-month period.  

Reports were 
reviewed by two 

pharmacists to ensure 

accuracy of data 
classification. 

The objective was to 

explore factors that 
help pharmacists 

identify and thus 

prevent harm from 
incorrect drug 

prescribing errors in 

an ambulatory care 
setting. 

During the specified period 
2,073 prescribing errors were 

reported in the hospital safety 

reporting system. Incorrect drug 

prescribing errors occurred at a 
rate of 10% (203 reports).   

Factors that allowed the 

pharmacist to identify incorrect 
drug prescribing errors before 

dispensing the medication 

include- reviewing the 
mandatory electronic 

prescription indication field, 

reviewing the patient medication 
history. 

(Alakhali et 

al., 2014)  
KSA 

Retrospective 
prescription 

review 

ME was defined as 

per NCCMERP 

(NCCMERP, 
2014a) and as per 

Lisby and 

colleagues (Lisby 

et al., 2005). 

Retrospective study 

reviewing all the 

prescriptions for two 
months. 

To detect the MEs in 

the different stages of 
medication use 

process such as 

prescribing, 
transcription, 

dispensing and 

administration. 

Total 1,850 opportunities for 

errors registered. 
Prescribing errors were 10% of 

these errors, dispensing errors 

and administration errors both 
approx. 0.5% 

No transcription errors were 

observed. 

Studies describing drug related problems (n=5) 
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Medication safety 
aspect analysed 

Reported results 

(Al-Olah and 

Al Thiab, 

2008) 
 

 

KSA 

Prospective 

observational 
study 

A DRP was 

defined as per 

Hepler and Strand 
in 1990 (Hepler 

and Strand, 1990) 

Over a period of 28 

days, the investigators 
collected data on a 

data collection sheet 

for all emergency 

department (ED) 
admissions during the 

previous 24 hours. 

To identify and 

evaluate admissions 

due to DRPs through 

the ED. 

Of 557 patients admitted 
through the ED, 82 were 

admissions due to DRP (approx. 

15%).  Fifty-three were definite, 

29 were probable. The most 
common definite DRP 

admission was due to failure to 

receive medications followed by 
ADR and drug overdose. 

(Rashed et 

al., 2013) 

 

KSA 
 

A prospective 
cohort study 

DRP were defined 

as per  (PCNE, 

2010). 

DRPs were identified 

by a researcher 
reviewing the medical 

records of children 

attending the ED 
during a three-month 

period. 

DRPs’ incidence in 

children attending an 

ED was calculated, 
preventability was 

determined, and 

severity assessed. 

The results from KSA arm of the 

study: Total Patients (n= 143) 
patients. 

Fifty-two DRPs identified; most 

common types were dosing 
problems followed by drug 

choice problems. Fifty-one of 

the 52 DRPs identified were 
preventable; and approximately 

77% were of minor severity. 

(Al-Arifi et al., 

2014) 
 

 

KSA 
 

Prospective 

cohort 
observational 

study 

DRPs were 

defined according 
to the (Strand et 

al., 1990). 

Information was taken 

by one of the authors 
from the patient file 

and/or patient 

interviewing using the 
specially designed 

data collection sheet. 

Aims were: 

-To prospectively 
determine the 

incidence and types of 

ED visits and 
admissions due to 

DRPs at a tertiary 

Random selection of 300 

patients presenting to 
emergency department of 

which, 56 (approx. 19%) were 

presented to ED due to DRPs.  
The most common DRPs was 

due to adverse drug reactions 
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Reported results 

hospital and assess 
the severity and 

preventability of the 

drug related 

admissions or visits. 
-To identify the drugs 

and patient groups 

that are most 
commonly involved. 

(approx. 30%) and patients’ 
non-compliance (approx. 30%), 

followed by untreated indication 

then drug interactions; supra 

therapeutic and sub therapeutic 
dose.  It was noted that ADR 

incidence was almost double in 

female patients than male 
(11:6). 

(Alghamdy et 
al., 2015) 

 

 

KSA 

Retrospective 

review of 

medical records 
of selected ED 

admissions. 

DRP defined as 

per Strand and 

colleagues (1990) 
(Strand et al, 

1990) 

ME is defined as 
per (Lisby et al., 

2010) and 

NCCMERP 
(NCCMERP, 

2014a). 

Files of suspected 

cases of DRPs 
reporting to ED in the 

12-month period were 

scrutinised. Suspicion 
arose from the 

hospital record 

system based on 
Diagnosis Code 

Numbers (ICD-9-CM, 

Professional 2010) 

and from triggers, 
such as some drugs, 

laboratory tests, and 

signs and symptoms 
pointing to DRPs. 

To estimate 
prevalence of 

admissions as a result 

of DRPs at the ED. 

Of 5,574 admissions, 253 were 

DRPs. They were categorised 

as: non-compliance to treatment 
(approx. 44%), overdose toxicity 

and side effects of drugs 

(approx. 20%), drug-interactions 
(approx. 12%), accidental and 

suicidal drug ingestions (approx. 

10%), drug allergy (4%), Over 
60% of DRPs were preventable 

and approx. 4% of patients died. 
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Medication safety 
aspect analysed 

Reported results 

(Al Hamid et 

al., 2016) 

 
 

KSA 
Retrospective 
medical record 

review 

Medicine-related 

problem (MRP) is 

defined as per 
Pharmaceutical 

Care Network 

Europe (PCNE, 
2010). 

A data collection tool 
was developed based 

on the Pharmaceutical 

Care Network Europe 
(PCNE) classification 

tool (PCNE, 2010). 

The tool was used to 
extract data from each 

medical record. 

The aims of this study 

were: 
-To investigate 

hospitalisations due to 

MRP in adult patients 
with cardiovascular 

disease and/or 

diabetes mellitus 
-To determine the 

major causes and risk 

factors contributing to 
medicine related 

problems 

-Identify the main 
medicines associated 

with medicine related 

problems 

Out of 150 medical records 
reviewed, 94 medicine related 

problems were identified of 

which approx. 67% resulted in 

hospitalisations. Commonly 
encountered medicine related 

problems were treatment 

effectiveness and adverse drug 
reactions, accounting for 

approx. 98%. Polypharmacy 

was a major risk factor 
associated with medicine 

related problems. Insulin was 

implicated in approx. 47% of 
MRPs while oral antidiabetic 

agents. Approximately 34% of 

the MRPs were related to 
cardiovascular medicines, 

including antihypertensive (i.e., 

angiotensin converting enzyme 
inhibitors, calcium channel 

blockers), anticoagulants 

(aspirin), antiarrhythmic agents 
(beta blockers and digoxin), and 

anti-hyperlipidaemic agents (3 

hydroxy-methyl-glutaryl-
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Reported results 

coenzyme-A-reductase 
inhibitors). 

Studies describing adverse drug events (n=3) 

(Al-Tajir and 

Kelly, 2005) 

 
 

UAE 
Prospective 

cohort study 

Definition for ADE 

according to WHO 

(WHO and Council 
for International 

Organizations of 

Medical Sciences, 
2000). 

The incidence of ADE 

was detected through 

spontaneous 
reporting the first and 

last quarter of the year 

2003.    During the 
second and third 

quarters, active 

monitoring for ADEs 
took place. ADEs 

were identified by 

looking for the 
documented events 

and by using an ADE 

trigger list (Used by 
Gandhi et al, 2001)   

ADEs were assessed 

for causality using the 
Naranjo algorithm 

(Naranjo et al, 1981) 

and for severity and 
preventability. 

The incidence of 

ADEs was calculated 
and the two different 

detection methods 

were compared. 

The incidence of ADEs detected 

through surveillance was 
significantly higher (P < 0.001) 

than for ADEs reported 

spontaneously for both 
inpatients and outpatients. Most 

ADEs were judged to be of mild 

to moderate severity. 
Approximately 56% of ADEs 

were judged definite or probable 

and, of these, approx. 14% were 
consistently judged preventable. 

The most prevalent medications 

implicated were central nervous 
system medications, anti-

infective agents, and 

cardiovascular agents. 
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Reported results 

(Aljadhey et 

al., 2013). 

 

KSA 
Prospective 
cohort study 

ADE as per (Jha et 

al., 1998) as well 
as (Gandhi et al., 

2000). 

A potential ADE as 
per (Morimoto et 

al., 2004). 

ME and category 
classification were 

defined as per 

NCCMERP (2005) 
and cited as 

updated and 

revised online 
(NCCMERP, 

2014a). 

Incidents were 

identified through a 
combination of 

medical record review 

by study pharmacists 
and voluntary reports 

from other healthcare 

professionals. Trigger 
tool was used to guide 

chart review further. 

Primary outcomes of 

this study were the 

frequency of, ADEs, 
potential ADEs and    

medication errors. 

The secondary 
outcomes were the 

severity of these 

events, their 
preventability and the 

associated risk 

factors. 

During the study period, there 
were 977 admissions with 9,585 

patient-days in the five study 

units. Pharmacists identified 361 

incidents in 261 patients during 
the study period, of which the 

reviewers accepted 281 as 

ADEs. 
Approximately 30% of the 

accepted incidents were ADEs, 

judged as definitely or probably 
preventable. Two hundred and 

twenty-three incidents were 

classified as MEs, of which 
(approximately 59%) had the 

potential to cause harm.  The 

incidence of ADEs in was 8.5 
per 100 admissions. 

Preventable ADEs commonly 

occurred in the medication 
ordering stage (prescribing 

stage). 

(Aljadhey et 

al., 2016). 
 

 

KSA 
Prospective 
cohort study. 

Each incident was 

defined as an ADE 
(preventable and 

non-preventable), 

Data collected from 

four hospitals (a 
teaching hospital, one 

large and one small 

Objective was to 

estimate the incidence 
and risk factors 

associated with ADEs 

Complete data for 3985 patients 

were analysed. One thousand 
six hundred seventy-six cases of 

ADEs, potential ADEs, and 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

 potential ADE; 
(which was 

classified as either 

intercepted or 

non-intercepted), 
or a medication 

error with low risk 

of causing harm. 
Used definitions 

adapted from 

(Bates et al., 
1995b), (Bates et 

al., 1995a) and 

(Morimoto et al., 
2004)  and (WHO 

2014). 

government hospital 
and one private 

hospital). Incidents 

were identified 

through a combination 
of medical record 

review by study 

pharmacists and 
voluntary reports from 

other healthcare 

professionals. Two 
independent clinicians 

were provided with a 

study manual guide to 
independently review 

the incidents and 

decide on inclusion of 
incidents and further 

classify them as 

ADEs, Potential ADEs 
or MEs with low risk of 

causing harm. They 

were then able to 
assess severity and 

preventability. This 

was a methodology 

and determine their 
severity and 

preventability. Primary 

outcomes were 

incidence of ADEs, 
potential ADEs and 

medication errors with 

low risk of causing 
harm. Secondary 

outcomes were 

severity of events, 
their preventability, 

and associated risk 

factors. 

medication errors were 
identified. Physicians reviewed 

and accepted 1,531 (approx. 

91%). They were classified as: 

Approx. 40% medication errors 
with low risk of harm, approx. 

44% potential ADEs, and 

approx. 16% ADEs. Of the 
ADEs, approx. 35% were 

deemed preventable. “Errors 

resulting from preventable ADEs 
were most common at the 

prescribing stage followed by 

the dispensing and 
administering stages. Most of 

the preventable ADEs were 

judged to be serious.” 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

developed by Bates 
and colleagues (Bates 

et al., 1995b). 

Studies assessing interventions of pharmacists (n=9) 

(Rahman et 

al., 1994) 

 

(Conference 

abstract) 

KSA 
Interventional 

study 

Not stated (it’s an 

abstract) 

The pharmacist, after 

confirmation with the 
physician, 

documented the 

intervention. A 
computer programme 

was developed using 

FOXPRO. 
Interventions made 

during the one-year 

study period were 
analysed. 

Pharmacist 

intervention, 
documentation and 

problem resolution of 

erroneous physician 
prescription 

The intervention (error rate) was 

approx. 1%. Approx.  34% were 
dose related while 67% as minor 

in terms of severity. Anti-

infectives were involved in 
approx. 21%. 

(Al-Jazairi et 
al., 2008) 

 

 

KSA 

Prospective, 

non-randomised 

observational 
study. 

None Stated 

The clinical 

pharmacist performed 
daily multi-disciplinary 

rounds, with 

documentation of all 

interventions. At the 
end of the round the 

clinical pharmacist 

completed a data 
collection form to 

To evaluate the rate, 

(and clinical 

significance, 

acceptance by 
medical team) of 

clinical pharmacist’s 

interventions in a 
cardiac surgery 

intensive care setting. 

The clinical pharmacist made 

394 interventions on 600 
patients. The medical team 

accepted 328 interventions 

(approx. 83%). Main drug 

related problems and 
interventions were:  no drug 

prescribed for the medical 

condition, inappropriate dosing 
regimen (including dose, rate, 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

record each 
intervention given. A 

physician verified all 

interventions for 

validity and clinical 
significance. 

frequency, and route), no 
indication for drug use and 

inappropriate drug selection. 

The anticipated outcomes of the 

interventions were targeted 
enhancing therapeutic 

outcomes, resolution/prevention 

of an adverse drug reaction or 
toxicity and cost saving. 

(Hooper et 

al., 2009) 

Qatar 

 

Prospective, 

Interventional 

study 
 

Definition for a 

pharmacy 

intervention was: 
Working definition 

for intervention: 

‘any contact made 
by a pharmacist 

during the 

dispensing 
process with a 

prescriber or a 

patient and that 

was aimed at 
rationalising drug 

prescribing or 

use’. 

Pharmacists used 

online integrated 
health care software 

(TrakCare®; 

InterSystems, 
Cambridge, MA, USA) 

to document all 

interventions made. 
Each intervention 

made was 

communicated to the 
respective prescriber. 

All interventions and 

their outcomes were 

reviewed later by two 
members from the 

research team. 

Prescribing error 

interventions 

documented by 
pharmacists in four 

pharmacies in a 

primary health care 
service in Qatar. 

Of 82,800 patients’ 

prescriptions, 594 patients’ 
prescriptions were intercepted 

for suspected errors (approx. 

1%). 
The total number of DRP-related 

interventions made was 890 

interventions. Over half of all 
errors were related to drug 

choice problems, followed by 

drug safety problems. Fifty-three 
percent of all interventions were 

accepted. 

Interventions as a result of 

transcription errors, legality and 
formulary issues were 

eliminated from this study 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

MEs defined as 
per (Flynn et al., 

1999). 

DRP defined as 

per (PCNE, 2010). 
Considered a 

prescribing error 

as any prescribing 
decision which 

results, or had the 

potential to result 
in, a significant 

reduction (not 

intentional) in the 
probability of 

treatment being 

timely and 
effective, or an 

increase in the risk 

of patient harm. 

through the use of computerised 
physician order entry (CPOE). 

(Al-Rashdi et 

al., 2010) 
Oman 

Prospective 

interventional 

study 

 
 

 

None stated  

Interventions on 

electronic 

prescriptions over 

one-year were 
evaluated. A standard 

data collection form 

To evaluate the 

number and types of 
pharmacists’ 

interventions of 

electronic 

Out of 186,353 prescriptions, 

454,654 items were dispensed, 

and 1,123 interventions were 

recorded. Only 3% of the 
interventions were 

administrative (absence of 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Conference 
abstract) 

 
 

was used to capture 
the relevant data. 

Clinical relevance was 

defined as to whether 

efficacy or toxicity was 
either improved or 

reduced. Clinical 

relevance was based 
on the judgments of at 

least two pharmacists. 

prescriptions at a 
University Hospital. 

doctor’s signature/ wrong 
patient’s card) while 97% 

clinical. The clinical 

interventions were categorised 

into drug regimen and drug 
choice. Approx. 62% of 

problems associated with drug 

regimen were related to wrong 
doses. Interventions improved 

efficacy and avoided toxicity. 

(Al-Ghamdi 

et al., 2012) 
 

KSA 

Prospective, 
nonrandomised 

observational 

study 

An ADE was 
defined as per 

(Nebeker et al., 

2004).  ADEs due 
to medication 

errors were 

considered 
preventable, while 

those caused by 

adverse drug 
reactions (without 

an error) were 

considered to be 

non-preventable. 
The incidences of 

ADEs after 

The intervention 
pharmacist 

comprehensively 

counselled patients 
about their discharge 

medications. The 

control group included 
similar patients who 

received routine 

discharge counselling 
by nurses. Two weeks 

after discharge, the 

same pharmacist 

called the patients and 
assessed the 

frequency of ADEs. 

To assess a 

programme involving 

comprehensive 
medication 

counselling provided 

by pharmacists at the 
time of discharge. The 

study outcome was 

the incidence of 

patient reported ADEs 
after discharge. 

Two hundred patients were 

included, 100 in the control 
group and 100 in the 

intervention group.  Approx. 

88% (175/200) patients were 
successfully contacted two 

weeks after. ADEs occurred in 2 

patients in the intervention 
group and in 21 patients (23 

incidents in 21 patients) in the 

control group (P<.001). 14 

ADEs were judged as 
preventable, and 9 were judged 

as serious. Warfarin, insulin, 

anti-laxatives and iron 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

discharge from the 
hospital were 

identified using a 

questionnaire. 

Two independent 
clinicians reviewed 

each ADEs and 

judged its severity and 

preventability. 

supplements were some of the 
agents involved. 

(Rashed et 
al., 2012) 

 

KSA 

 

A prospective 
cohort study. 

 

Drug-related 
problems (DRP) 

defined as per 

PCNE (PCNE, 
2010). 

 

Adopted the data 

collection method of 

intensive chart review, 
used by Ghaleb et al. 

(2010) and by Dean et 

al. (2002). For 
measurement of the 

severity of the DRPs 

used validated scale 
for medication errors 

published by Dean 

and Barber (Dean and 
Barber, 1999). Data 

were collected using a 

modified version of 
the DRP Registration 

Form version  

designed by (PCNE, 

2010). 

Of interest was the 

epidemiology of and 

potential associated 
risk factors of drug-

related problems in 

hospitalised children. 
Once a potential DRP 

was identified, 

causes, intervention, 
and outcome of the 

intervention were 

identified and 
recorded. 

Total paediatric patients were 

364, from medical ward, 

neonatal intensive care unit and 
paediatric intensive care unit. 

Total No. of DRPs  258; most 

common types identified: 
Dosing problems made up 

approx. 71% of the problems, 

drug choice problems approx. 
11%, and adverse drug 

reactions approx. 6%, with other 

problem types making up 
approx. 12%. 

The majority of DRPs were 

preventable and interventions 

mostly made at prescriber level. 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Kheir et al., 
2014) 

 

 

Qatar 

 

Cross-sectional, 

descriptive and 

exploratory 
study. 

 

The authors 

adopted the 

PCNE’s definition 
of a DRP (PCNE, 

2010). 

Data generated via 

semi-private 

interviews was 
documented. 

A medication use 

review form was 
adapted from the form 

developed by one of 

the UK’s National 
Health Services 

(NHS, 2011). 

The primary outcome 
measure for this 

preliminary study was 

characterising the 
drug related problems 

(DRPs) (types and 

number) captured by 
the pharmacists 

during the medication 

use reviews. 

The medications of 52 eligible 
patients were reviewed by six 

pharmacists. 

A total of 175 DRPs were 

identified with an average of 
approx. 3 DRPs per patient. 

The most common DRPs 

reported were non-adherence to 
drug therapy (approximately 

31%), need for education and 

counselling (approximately 
23%), and adverse drug 

reactions (approximately 21%). 

There was a strong association 
between the incidence of DRPs 

and the patients’ age; as the age 

increases, the number of DRPs 
consistently increases. As 

medications increased, the 

number of identified DRPs 
increased (P ≤ 0.05). 

(Al Rahbi et 

al., 2014) 

Oman 

 

Systematic 

retrospective 
study. 

Not specified and 

referenced 

The interventions filed 

by pharmacists and 

assistant pharmacists 
in outpatient 

pharmacy department 

The primary objective 

was to determine the 

number and types of 
medication errors 

intervened by the 

Thirty thousand five hundred 

sixty-three prescriptions 

dispensed. The number of 
interventions collected in this 

period was 692 interventions, 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

were collected, 
categorised and 

analysed after a 

detailed review. 

dispensing 
pharmacists at 

outpatient pharmacy 

department.  The 

study period was one 
year 

approx. 2 % of the prescriptions. 
Approx. 99% of all interventions 

were prescribing errors, Ninety-

eight percent were accepted by 

prescribers. Approx. 15% of the 
interventions were 

administrative. 

(Mitwally et 
al., 2015) 

 

(Conference 
abstract) 

Qatar 

Pre- and post-

interventional 
analysis of 

prescriptions 

None stated  

Random prescriptions 

were collected for one 

week both before and 
after the educational 

phase.  The use of 

unapproved 
abbreviations, trade 

names, and the 

absence/incorrect 
patient label was also 

considered as a 

prescribing error. 

Investigate whether 
physician education 

had an impact on 

reducing prescribing 
errors within inpatient 

setting. The 

intervention consisted 
of the clinical 

pharmacy team 

preparing educational 
sessions discussing 

prescribing errors. 

The educational 
material included real 

case scenarios and 

the institution’s 

prescribing policies. 

The overall physician 
attendance for the educational 

session was 92 from a total of 

102 (approx. 90%). 
A total of 1,822 prescriptions 

were involved in the study, with 

948 in the pre sample and 874 in 
the post sample. The total 

number of errors within the pre 

sample was (approx. 20%) in 
comparison to (approx. 10%) 

errors for the post sample, an 

overall reduction of 52% in 

prescribing errors (P<0.001). 

Perceptions of HCP on ME and ME reporting (n=3) 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

(Al-Rowibah 

et al., 2013) 
KSA 

Cross-sectional 

questionnaire 
None stated Not applicable 

To determine whether 

CPOE improves the 
quality of care by 

increasing patient 

safety and decreasing 
MEs at study setting. 

The response rate was 31%, 
with 93 physicians participating. 

Up to 88% of the physicians 

agreed that the use of CPOE 

improved their performance and 
76% reported that the use of 

CPOE increased their 

productivity. In addition, 64% 
reported that it was easy to use. 

Fifty-five percent reported that it 

created new types of errors. 
However, 72% of the physicians 

agreed that CPOE helped them 

to decrease adverse drug 
events and 91% of the 

physicians agreed that CPOE 

reduced errors related to hand-
written prescriptions. 

(Al-Arifi, 

2014) 
KSA 

A cross sectional 

survey 

Dispensing errors 

defined as per 

(Szeinbach et al., 

2007)  

Not applicable 

This study was a 

questionnaire survey 

on pharmacists’ 

attitudes toward 
dispensing errors and 

factors contributing to 

these errors in 

Response rate approx.  82%. 

Seventeen factors were 
identified as contributing to 

errors, some are: pharmacist 

assistant, high workload, lack of 

time, and similar or confusing 
drug names. Among the major 

factors believed to reduce 
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Reference Country Design 
Definitions 
used for study 
outcomes 

Method of error 
identification 

Medication safety 
aspect analysed 

Reported results 

community pharmacy 
settings. 

dispensing errors were 
improving doctors’ handwriting, 

reducing pharmacist work-load, 

having drug names that are 

distinctive, privacy when 
counselling patients, having 

mechanism for checking 

dispensing procedure, keeping 
drug knowledge up to date. 

(Anazi and 

Al-Jeraisy, 

2015). 
(Conference 

abstract) 

 

KSA 

 

 

Cross-sectional 

study conducted 
A self-

administered 

paper-based 
questionnare 

was used 

Not Stated Not applicable 

The perceptions of 

healthcare 

professionals with 
respect to the 

underlying factors of 

ME. 

Response rate was 82%. The 

study cohort made up of 
pharmacists, physicians and 

nurses. The perceptions of the 

professionals on the causes of 
errors differed on the following: 

interruptions while writing the 

order, clarity of physician’s order 
and knowledge of patient 

allergies. 
Abbreviations: ADE- Adverse drug event, CDSS- Clinical decision support system, CPOE-Computerised physician order entry, DRP-Drug related problem,  

KSA- Kingdom of Saudi Arabia, ME-medication error, NCCMERP- National Coordinating Council for medication error reporting and prevention,  

PCNE- Pharmaceutical care network Europe, UAE-United Arab Emirates, UK-United Kingdom, USA- United States of America
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Appendix G: Ethical approval King Saud University Institutional Review Board for assessment of 
computerised prescriber order entry and clinical decision support system medication-related 

alerts  
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Appendix H: Alerts’ description and setting which they generated. 

Alert name Meaning and significance Setting the alerts are generated 

(upon medications ordered 
from inpatient or outpatient or 

both settings). 

Drug duplicate This alert is displayed when the medication has been 

prescribed for this patient before. One issue is that even 

if the patient has received this medication years ago, it 

will trigger this alert if it is in the patient’s electronic 

record. 

This alert will also be triggered if a physician wants to 

prescribe a medication for a patient that is in the same 

pharmacological and therapeutic class. 

In the inpatient setting when a physician's order is 

renewed for a patient medication that is taken daily for 

a week, or through the whole duration of the stay, and 

the duplicate alert will appear every single time. 

Inpatient and outpatient settings. 

Dose range alert  This the alert triggered for dose range checking, 

indicating that the dose the physician has prescribed 

should be revised and checked, as it has been linked 

with the patient’s electronic health record, considering 

the patient's laboratory test values, and individualised 

parameters. 

The recommended doses for some medications, (not all 

medications) have been checked according to the 

guidelines of practice at KSUMC and for patient 

characteristics. 

Inpatient and outpatient settings. 

This alert is only activated for 

certain medications, as listed in 

chapter four. 

Since system launch May 2015, 

the alert was activated for 18 

medications  

In January 2017 this alert was 

activated for an additional 54 

medications (the dosage range 

information was revised and by 

KSUMC pharmacy staff). 

 In March 2017 an additional 

thirteen medications were 

activated for dose range checks, 

but without revision of information 

by clinical pharmacists at 

KSUMC. 

There is a total of eighty-five 

medications that have been 

activated for dose range checking 

as listed in chapter four. 
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Alert name Meaning and significance Setting the alerts are generated 

(upon medications ordered 
from inpatient or outpatient or 

both settings). 

Drug interaction  The alert is displayed when there is a drug interaction. 

Therefore, the alert appears to alert the prescriber when 

one medication is prescribed that interacts with a 

medication that was on the patient’s active and/or 

inactive medication list.  

Inpatient and outpatient settings. 

 

 

Drug allergy The alert is generated if there’s an existing allergy, and 

a new drug is placed to which the patient is allergic, or 

a possibility of having a reaction (for example the same 

pharmacological class).  

Inpatient and outpatient settings. 

New allergy 

 

The alert is generated if the drug has already been 

ordered and a new allergy to a medication is added to 

the information on the patient’s the electronic health 

record. 

Inpatient and outpatient settings. 

Documentation of 

height and weight 

If height and weight are missing for age<12 years, this 

alert will be displayed. 

Inpatient and outpatient settings. 

Egg allergy 

 

This alert indicates that the prescribed drug for this 

patient contains egg or egg protein derivative, and 

according to the information on in the electronic health 

record the patient is allergic to eggs/egg containing 

compound. 

 

Inpatient and outpatient settings 

 

G6PD syndrome 

 

This alert indicates that the prescribed drug for this 

patient is not suitable according to the condition 

documented in the electronic medical record. This 

condition is Glucose-6-phosphate 

dehydrogenase deficiency (G6PD) an inborn error of 

metabolism that predisposes to red blood cell 

breakdown. 

This alert is triggered from 

medication orders inpatient and 

outpatient setting 

 

Switch medication 

from injectable form 

to oral 

This alert indicates that the prescribed drug for this 

patient should be prescribed in the oral dosage form 

instead of injectable route of administration. 

This alert is triggered from 

medication orders inpatient 

setting ONLY. 

It appeared from May 2015 and 

last appeared 30 April 2016. As of 

1 May 2016, this alert ceased to 
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Alert name Meaning and significance Setting the alerts are generated 

(upon medications ordered 
from inpatient or outpatient or 

both settings). 

be generated, it was turned off 

officially. The reason is because 

of KSUMC policy change, which 

dictates that clinical pharmacists 

are responsible for changing 

medication prescriptions that are 

prescribed in the injectable 

dosage to oral dosage form for 

patients that are deemed eligible. 

Stop order 

 

This alert is generated and displayed if physicians are 

trying to stop the medication prescription order on 

emergency encounter which is created 24hrs before / 

Order with start date in future (+ one day). It will fire and 

ask to select correct emergency encounter. This alert is 

especially relevant for patients with a temporary patient 

file and MRN, those patients that are otherwise not 

eligible to be treated at KSUMC. 

This alert is triggered from 

medication orders inpatient 

setting specifically the emergency 

department only. 

It began to be generated from 

May 2016. 

Vincristine alert Prevent users from entering orders for vincristine 

greater than 2mg. 

Inpatient setting only. 

Abbreviations: G6PD- Glucose 6 phosphate dehydrogenase, KSUMC- King Saud University Medical City, MRN- Medical 

record number  
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Appendix I: Criteria and parameters for assessment of appropriateness of alert display 
and appropriateness of alert override. 

General information from the EHR of the patient is needed to assess alert for 

appropriateness of alert display and appropriateness of alert override as well as 

specific information according to the alert type. For each randomised alert, chosen 

reason from the drop-down menu and the free text documented to justify the 

override were examined.  The patient’s EHR was accessed. In cases where the 

EHR could not be accessed, the alert could not be assessed for appropriateness of 

display or override. This could be because the patient was no longer eligible to 

receive treatment at KSUMC, or if the patient passed away, therefore the EHR could 

not be accessed by the researcher.  The general information looked up for each 

medication-related alert was the date the medication was prescribed, and past 

medication history. The laboratory tests’ results were also accessed, dating back as 

was necessary to have baseline values in addition to past medical tests and 

vaccination history. Documentation of allergies (allergies to medications, or to food, 

or to elements from the environment such as dust or pollen) on the EHR were also 

checked. Glucose 6-dehydrogenase deficiency is also documented in the EHR.  The 

LexiComp ® (2018, 2019) software database was accessed for information 

regarding drug-drug interactions, therapeutic equivalents, and pharmacologic class 

member information and to cross analyse the documented allergies to medication, 

food, or environment with the medication ordered that generated the alert. The 

date/time each medication on the medication list was ordered or administered or 

dispensed was especially important because types of medication-related alerts 

would be generated in relation to medications part of the past medication list not the 

current medication list. 

 Specific for the alerts generated from the outpatient, the amount of medication 

dispensed was checked in addition to other medications ordered in the same clinic 

visit, as well as previous medication refill date. Specific information sought for the 

alerts generated from the inpatient department was the date of patient admission, 

the hospital ward admitted in, and the time the medication was ordered. The 
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physician notes documented in the EHR were also read for any instructions to 

discontinue a medication or increase or decrease a dose or other adjustments in 

the patient’s medication regimen.  Medication orders for patients in the inpatient 

wards are valid for one to two days, have a start date as well as an end date, and 

the start time will be set by the system. The physician can manipulate the start time, 

(the administration time) and this is especially relevant for antibiotics or medications 

needed STAT.  The EHR and physicians’ notes were compared with the active 

medication list to determine which medications the patient had refilled/dispensed, 

and which were discontinued. The table below contains the criteria parameters 

assessed for each alert type to determine the appropriateness of alert display and 

the appropriateness of overriding the alert.  

 

Alert type Criteria and parameters assessed 

Drug 
duplicate 

 

Outpatient 
department 

 

 

Additional 

information 
needed 

The patient’s current medication list was examined for the medication that 

generated the alert, the previous prescription date was documented, and 

the quantity dispensed calculated. The medication list was also searched 

for medications from the same pharmacologic class, or another 

pharmacologic class but the same therapeutic class as the medication that 

generated the alert. The drug duplicate alert would be generated even if a 

medication had been discontinued. The order of topical dosage form of 

one of the non-steroidal anti-inflammatory (NSAID) medications would 

generate an alert if the patient’s medication list contained an oral or 

injectable form of NSAID. Therefore, these EHR were analysed thoroughly 

for the indication as well as the duration of the topical dosage form. An 

indication as osteoarthritis, or rheumatoid arthritis was noted as 

appropriate to have two dosage forms of the NSAID. 

Alert 
display 

 

The alert display was assessed as appropriate if: 

• the patient still had enough quantity of medication based on the 

date of the previous refill,  

• the prescribed medication was in the same pharmacological 

class as another medication on the patient’s medication list 

• there was no documented change in EHR regarding any 

adjustment in medication strength, frequency, or dosage 

adjustment 

The alert display was assessed inappropriate if: 



298 
 

Alert type Criteria and parameters assessed 

• the patient did not have enough medication based on calculation 

of available medication expected since last documented refill 

date 

• the medication list did not contain a medication from the same 

pharmacologic class or a therapeutic equivalent 

• there was a documented change in EHR regarding any 

adjustment in medication strength, frequency, or dosage 

adjustment 

• the medication generating the alert is in the same 

pharmacological class as a medication on the patient’s mediation 

list; that is no longer available in the hospital or out of stock 

• the medication generating the alert is in the same 

pharmacological class as a medication on the patient’s mediation 

list that has however been discontinued and the patient not 

receiving it. 

Alert 
override 

The alert override was assessed appropriate if: 

• the patient did not have enough medication based on calculation 

of available medication expected since last documented refill 

date 

• the prescribed medication was not in the same pharmacological 

class as another medication on the patient’s medication list 

• there was a documented change in EHR regarding any 

adjustment in medication dosage, strength, frequency 

• The medication generating the alert is in the same 

pharmacological class as a medication on the patient’s mediation 

list; that is no longer available in the hospital or out of stock 

• medication generating the alert is in the same pharmacological 

class as a medication on the patient’s mediation list that has 

however been discontinued and the patient not receiving it  

• The patient’s medication list did contain the same medication, 

which is causing alert generation, but in a different dosage form 

(for example oral and topical dosage forms of the same 

medication). 

• The prescribed medication was identical to another medication 

prescribed but in a different strength to complete the prescription 

for a patient. For example, prescription of 5mg warfarin tablet to 

be taken orally once a day and a prescription of 10mg warfarin 

tablet to be taken orally once a day because the patient needs to 

take a dose of 15mg warfarin once a day. 
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Alert type Criteria and parameters assessed 

The alert override was assessed inappropriate if: 

• the patient had enough medication based on calculation of 

available medication expected since last refill date 

• the current active medication list did contain a medication from 

the same pharmacologic class or a therapeutic equivalent and 

the patient would be administered the two medications 

simultaneously. 

• There was no documented change in EHR regarding any 

adjustment in medication dosage form, strength, or frequency 

• The prescribed medication was an identical to another 

medication prescribed but in a different strength to complete the 

prescription for a patient. For example, prescription of 5mg 

warfarin tablet to be taken orally once a day and a prescription of 

10mg warfarin tablet to be taken orally once a day because the 

patient needs to take a dose of 15mg warfarin once a day. 

 

Drug 

Duplicate 
 

Inpatient 

department 

 

Additional 
information 

needed 

The patient’s current medication list was searched for the medication that 

generated the alert, the previous prescription’s time and date was 

documented. The medication list was also searched for medications from 

the same pharmacologic class, or another pharmacologic class but the 

same therapeutic class as the medication that generated the alert. The 

physician notes documented in the EHR were also read for any 

instructions to discontinue a medication or increase or decrease the dose 

of medication. Prescribing a topical dosage form of one of the non-

steroidal anti-inflammatory (NSAID) medications would generate an alert 

if the patient’s medication list contained an oral or injectable form of 

NSAID. Therefore, these EHR were analysed thoroughly for the indication 

as well as the duration of the topical dosage form. An indication as 

osteoarthritis, or rheumatoid arthritis was noted as appropriate to have two 

dosage forms of the NSAID. 

Alert 
display 

 

The alert display was assessed as appropriate if: 

• The same medication order was placed twice in the same day  

• The prescribed medication was in the same pharmacological 

class as another medication on the patient’s medication list 

• The prescribed medication was an identical to another 

medication prescribed but in a different strength to complete the 

prescription for a patient. For example, prescription of 5mg 

warfarin tablet to be taken orally once a day and a prescription of 

10mg warfarin tablet to be taken orally once a day because the 

patient needs to take a dose of 15mg warfarin once a day. 
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The alert display was assessed inappropriate if: 

• the order was placed within the 24-hour interval of the previous 

medication order but ordered for the new day. 

the medication list did not contain a medication from the same 

pharmacologic or a therapeutic equivalent 

 Alert 

override 

The alert override was assessed appropriate if: 

• the order was placed as a future order (within the 24-hour interval 

of the current order) to start after the current one is finished 

• the prescribed medication was not in the same pharmacological 

class as another medication on the patient’s medication list.  

The alert override was assessed inappropriate if: 

• the order was placed less than the 24-hour interval of the 

previous medication, and was not a future order 

• the medication list contained a medication from the same 

pharmacologic class or a therapeutic equivalent that was in 

necessary and exposed the patient to risk of side effects. 

Drug  
Interaction 

 
Outpatient 
department 

and Inpatient 

department 

Additional 
information 

needed 

The medications on the current medication list were analysed for 

interactions with the medication that caused the alert using the Cerner 

Multum® and the LexiComp® (2018 and 2019) database software.  

Alert 
display 

The alert display was assessed as appropriate if the medication 
causing the drug interaction alert: 

• interacted with one of the medications on the current medication 

list. 

The alert was assessed as not appropriately displayed if: 

• the medication did not interact with a medication on the current 

medication list 

• the medication interacted with a medication in the EHR but this 

medication was not on the patient’s active medication list (a 

discontinued medication) 

Alert 

override 

The alert override was assessed appropriate if the medication 

causing the drug interaction alert: 

• did not interact with a medication on the current medication list 

• the medication interacted with a medication in the EHR but not 

on active medication list (a discontinued medication) 

• was cross checked with LexiComp® and determined to be an 

interaction of rating A, B, C or X with a medication in the EHR but 

not on active medication list (a discontinued medication) 

• was cross checked with LexiComp® and determined to be an 

interaction of rating A or rating B (the meaning of the ratings is in 

Appendix K page 337). 
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• was cross-checked using LexiComp® and determined to be 

rating C; and there was enough evidence in the EHR indicating 

necessary monitoring measures had been undertaken 

• was cross-checked using LexiComp® and determined to be 

rating C; and there was enough evidence in the EHR indicating 

this combination of medications was necessary and there were 

no suitable alternatives and the patient had tolerated it in the past 

• was cross checked using LexiComp® and determined to be 

rating D and there was enough information in the EHR 

demonstrating there was no other suitable alternative (either due 

to allergies, or more severe drug interactions) 

• was topically applied otic or optic preparation 

• was topically applied as ointment or cream for pain for short 

duration and no safer alternative available 

The alert override was assessed not appropriate if the medication 

causing the drug interaction alert: 

• Was cross-checked using LexiComp® and determined to be 

rating C; and there was enough evidence in the EHR indicating 

necessary monitoring measures had been not been undertaken 

• Was cross-checked using LexiComp® and determined to be 

rating C; and there was enough evidence in the EHR indicating 

this combination of medications was not necessary and there 

were suitable alternatives and the patient had not tolerated it in 

the past 

• cross-checked using LexiComp® and determined to be rating D 

and there was enough information in the EHR demonstrating 

there was were other safer alternatives  

• cross-checked using LexiComp® and determined to be 

interaction of rating X. 

Dose-range  

 

 
Outpatient 

and inpatient 

department 

Additional 

information 

needed 

The dose-range alert would be generated to alert the prescriber to check 

the dose of the medication being ordered. The reference for the dose 

range was reviewed by clinical pharmacists at KSUMC to be in 

concordance with local practice guidelines (as listed in chapter four 85 

medications had their dose ranges checked). Thus, if a medication was 

prescribed outside these thresholds an alert would be generated. The 

recommended dose range of the prescribed medication that caused the 

alert generation was cross-checked using LexiComp® (2018 and 2019) 

database software. For medications used for indications that were off-

label and not in the monograph of LexiComp® (2018 and 2019), 
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UpToDate® (2018 and 2019) was searched for the recommended dose 

range. 

Alert 

display 

The alert display was assessed as appropriate if the medication 

causing the dose-range alert was: 

• prescribed above or below the recommended reviewed dose 

range modified in Cerner Multum® and in the drug monograph in 

LexiComp® (2018 and 2019) database software. 

• a medication to be prescribed according to body weight in 

kilograms as per Cerner Multum ® but the patient’s weight was 

not documented in the EHR as part of vital signs, physician 

progress notes, or patient’s growth chart 

• prescribed above or below the recommended dose range in the 

drug and disease monograph from UpToDate® for an off-label 

indication 

• dependent on creatinine clearance values, however up to date 

serum creatinine laboratory results were not available 

The alert display was assessed as inappropriate if the medication 

causing the dose-range alert was: 

• prescribed within the recommended reviewed dose range 

modified in dose range in the recommended dose range of 

Cerner Multum® drug monograph  

Alert 

override 

The alert override was assessed to be appropriate if the medication 

causing the dose-range alert was: 

• prescribed within the recommended reviewed dose range 

modified in Cerner Multum® drug monograph and dose range in 

the drug monograph in LexiComp® (2018 and 2019) or within the 

range confirmed 

• prescribed within the recommended reviewed dose range 

modified in dose-range according to body weight in kilograms as 

per Cerner Multum ®. The patient’s weight would sometimes be 

missing from the vital sign documented but be documented in the 

physician progress notes.  

• prescribed within the recommended reviewed dose range in the 

drug monograph in range of Cerner Multum® according to 

calculated creatinine clearance (CrCl). The CrCl was also 

calculated using Cockgroft and Gault equation for adults with 

renal impairment, and LexiComp® (2018, 2019) for CrCl in 

paediatrics. 

• prescribed within the recommended dose range in the drug and 

disease monograph from UpToDate (2018 and 2019) for an off-
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label indication and there was enough information in the EHR to 

determine the justification for off-label use. 

 

The alert override was assessed to be inappropriate if the medication 

causing the alert was: 

• prescribed out of (higher or lower than) the recommended 

reviewed dose range in the drug monograph of Cerner Multum® 

and in the drug monograph in LexiComp® (2018 and 2019) 

• prescribed outside (higher or lower than) the dose-range 

according to body weight in kilograms in the drug monograph in 

LexiComp® 

• prescribed outside (higher or lower) the recommended dose 

range according to calculated CrCl using Cockgroft and Gault 

equation for adults with renal impairment, and LexiComp® 

calculator (2018, 2019) for CrCl in adults and paediatrics. 

Drug allergy  
 

Outpatient 

and inpatient 
department 

Additional 
information 

needed 

This drug allergy alert appears if an allergy is documented in the patient’s 

EHR. The EHR was reviewed for documented allergies to medication, 

food, or environment or insect as well as the severity of the allergy and 

reaction type. The date of documentation of this allergy in the EHR was 

also reviewed. The EHR was reviewed for evidence if anti-allergenics 

were administered/dispensed. For example, the epinephrine autoinjector 

or antihistamine (to be administered orally, topically or injectable) as anti-

allergenics.  

 The medication causing drug-allergy alert generation was cross-checked 

using LexiComp® (2018 and 2019) database software. The KSUMC 

formulary was also reviewed in the instance the of vaccines, to determine 

if the preparation available and examine list of constituents.  

Alert 

display 

The drug-allergy alert was assessed as appropriately displayed if: 

• The patient had a documented allergy in the EHR to the 

medication for which the alert was generated OR to a medication 

that was in the same pharmacological class OR to a constituent 

of the medication causing the generation of the alert. 

The drug-allergy alert was assessed as inappropriately displayed if: 

• the patient did not have a documented allergy to the medication 

causing the alert, nor to a medication in the same 

pharmacological class nor to a constituent of the medication 

causing the alert to be generated 

 Alert 

override 

The drug-allergy alert was assessed as appropriately overridden if: 

• the patient did not have a documented allergy to the medication 

causing the alert generation, or any its constituents, nor to a 
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medication in the same pharmacological class as the medication 

for which the alert was generated 

• the patient had a documented mild allergy to the medication 

causing the alert, OR to a medication in the same 

pharmacological class OR to a constituent of the medication 

causing the alert to be generated. The EHR was reviewed for 

evidence of the severity of the allergy and presence of 

symptoms. 

• The patient had a documented allergy in the EHR to the 

medication causing the alert, OR to a medication in the same 

pharmacological class OR to a constituent of the medication 

causing the alert to be generated. However, the allergic reaction 

and severity were not documented. When cross checked with 

LexiComp® the identified risk level was A or B or C. The meaning 

of the risk levels for allergies to medication, food, and 

constituents of medication are in Appendix L (page 338). There 

was enough information to determine the patient had received 

the medication on an earlier occasion with no sequala, and that 

no feasible alternatives were available. 

• The mediation causing the alert was a topical medication. The 

patient had a documented allergy in the EHR to the oral or 

injectable form of the medication causing the alert, OR to a 

medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were not 

documented. When cross checked with LexiComp® the 

identified risk level was D or X.  There was enough information 

in the EHR to determine the patient had received the topical 

medication before with no sequala. 

• The medication mediation causing the alert was an oral or 

injectable medication. The patient had a documented allergy in 

the EHR to the oral or injectable form of the medication causing 

the alert, OR to a medication in the same pharmacological class 

OR to a constituent of the medication causing the alert to be 

generated. However, the allergic reaction and severity were not 

documented. When cross checked with LexiComp® the 

identified risk level was D or X.  There was enough information 

in the EHR to determine the patient had received the oral or 

injectable medication before with no sequala, and that no 

feasible alternatives were available. 
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The drug-allergy alert was assessed as overridden inappropriately if: 

• The patient had a documented severe allergy to the medication 

causing the alert, OR to a constituent of the medication causing 

the alert to be generated OR to a medication in the same 

pharmacological class. The EHR was reviewed for evidence of 

the severity of the allergy and presence of symptoms. 

• The mediation causing the alert was an oral or injectable 

medication. The patient had a documented allergy in the EHR to 

the oral or injectable form of the medication causing the alert, OR 

to a medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were documented as 

severe. When cross checked with LexiComp® the identified risk 

level was A, B, or C.  There was enough information in the EHR 

to determine the patient had received the medication before with 

sequala. 

• The mediation causing the alert was an oral or injectable 

medication. The patient had a documented allergy in the EHR to 

the oral or injectable form of the medication causing the alert, OR 

to a medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were documented as 

severe. When cross checked with LexiComp® the identified risk 

level was D or X.  There was enough information in the EHR to 

determine other alternatives could have been chosen, even if the 

patient had received the medication before with sequala. 

New allergy 

drug 

 
Outpatient 

and inpatient 

department 

Additional 

information 

needed 

This is a reverse chronological alert referred to in this thesis as ‘new 

allergy drug’ alert. It appears when the drug is prescribed, and then an 

allergy is documented on the EHR afterwards. The EHR was reviewed for 

the date of documented allergies to medication, food, or environment, or 

insect as well as the severity of the allergy and reaction type. The EHR 

was reviewed for evidence if anti-allergenics were 

administered/dispensed. For example, the epinephrine autoinjector or an 

antihistamine to be administered orally, topically or injectable.  

The medication causing drug-allergy alert generation was cross-checked 

using LexiComp® (2018 and 2019) database software. The KSUMC 

formulary was also reviewed in the instance of vaccines, to determine the 

preparation available and examine list of constituents. 

Alert 
display 

The new allergy-drug alert was assessed as appropriately displayed 
if: 
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• The patient had a documented allergy in the EHR to the 

medication causing alert generation OR to a medication that was 

in the same pharmacological class OR to a constituent of the 

medication causing the generation of the alert. 

The new allergy-drug alert was assessed as inappropriately 

displayed if: 

• the patient did not have a documented allergy to the medication 

causing the alert, nor to a medication in the same 

pharmacological class nor to a constituent of the medication 

causing the alert to be generated. 

 Alert 
override 

The new allergy-drug alert was assessed as appropriately overridden 
if: 

• the patient did not have a documented allergy to the medication 

causing the alert, nor to a medication in the same 

pharmacological class nor to a constituent of the medication 

causing the alert to be generated 

• The patient had a documented mild allergy to the medication 

causing the alert, OR to a medication in the same 

pharmacological class OR to a constituent of the medication 

causing the alert to be generated. The EHR was reviewed for 

evidence of the severity of the allergy and presence of symptoms 

and were confirmed to be mild symptoms or without symptoms. 

• The patient had a documented allergy in the EHR to the 

medication causing the alert, OR to a medication in the same 

pharmacological class OR to a constituent of the medication 

causing the alert to be generated. However, the allergic reaction 

and severity were not documented. When cross checked with 

LexiComp® the identified risk level was A or B or C. The meaning 

of the risk levels for allergies to medication, food, and 

constituents of medication are in Appendix L (page 338).  There 

was enough information in the EHR to determine the patient had 

received the topical medication before with no sequala. 

• The mediation causing the alert was a topical medication. The 

patient had a documented allergy in the EHR to the oral or 

injectable form of the medication causing the alert, OR to a 

medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were not 

documented. When cross checked with LexiComp® the 

identified risk level was D or X.  There was enough information 
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in the EHR to determine the patient had received the topical 

medication before with no sequala. 

The new allergy-drug alert override was assessed as inappropriate 

if: 

• The patient had a documented severe allergy to the medication 

causing the alert, OR to a medication in the same 

pharmacological class OR to a constituent of the medication 

causing the alert to be generated. The EHR was reviewed for 

evidence of the severity of the allergy and presence of 

symptoms. 

• The mediation causing the alert was an oral or injectable 

medication. The patient had a documented allergy in the EHR to 

the oral or injectable form of the medication causing the alert, OR 

to a medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were documented as 

severe. When cross checked with LexiComp® the identified risk 

level was A, B, or C.  There was enough information in the EHR 

to determine the patient had received the medication before with 

sequala. 

• The mediation causing the alert was an oral or injectable 

medication. The patient had a documented allergy in the EHR to 

the oral or injectable form of the medication causing the alert, OR 

to a medication in the same pharmacological class OR to a 

constituent of the medication causing the alert to be generated. 

However, the allergic reaction and severity were documented as 

severe. When cross checked with LexiComp® the identified risk 

level was D or X.  There was enough information in the EHR to 

determine other alternatives could have been chosen, even if the 

patient had received the medication before with sequala. 

Egg-allergy 

alert 
 

 

Outpatient 
and inpatient 

department 

Additional 

information 
needed 

This egg allergy alert appears if an egg allergy or egg-derived product 

allergy is documented in the patient’s EHR. The EHR was reviewed for 

documented allergies to egg-allergy, medication or food, as well as the 

severity of the allergy and reaction type. The date of the documentation of 

the allergy was also reviewed. The EHR was reviewed for evidence if anti-

allergenics were administered/dispensed. For example, the epinephrine 

autoinjector or an antihistamine to be administered orally, topically or 

injectable.  

The medication causing egg-allergy alert generation was cross-checked 

using LexiComp® (2018 and 2019) database software. The KSUMC 
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formulary was also reviewed in the instance of vaccines, to determine the 

preparation available and examine list of active constituents. 

Alert 

display 

The egg-allergy alert was assessed as appropriately displayed if: 

• The patient had a documented egg-allergy in the EHR and the 

medication for which the alert was generated had a constituent 

of egg protein or derivative.  

The egg-allergy alert was assessed as inappropriately displayed if: 

• The patient did not have a documented egg allergy in the EHR 

(from the sample of alerts analysed this did not occur) 

• The medication causing the alert to be generated did not have 

egg or egg-derived product in its constituent list 

(In the sample of alerts analysed and assessed there was no 

instance of this alert being displayed inappropriately). 

 Alert 

override 

The egg-allergy alert was assessed as appropriately overridden if: 

• The patient did not have a documented egg-allergy  

• The medication causing the alert to be generated did not have 

egg derived product in its constituent list 

• The patient had a documented egg-allergy, but the medication 

causing the alert to be generated did not have egg or egg-derived 

product listed as part of its constituents 

• The patient had a documented egg-allergy in the EHR, however 

the allergic reaction and severity were not documented. The 

medication for which the alert was generated did have egg or egg 

derived product listed as part of its constituents, and when cross 

checked with LexiComp® the identified risk level was A or B or 

C or X. The meaning of the risk levels for egg allergies with 

medication are in Appendix M (page 339). There was enough 

information to determine that the patient had received this 

medication before with no sequala. 

• The patient had a documented egg-allergy in the EHR; however, 

the allergic reaction and severity were not documented. The 

vaccine causing the alert to be generated did have egg or egg 

derived product as part of its constituents, and when cross 

checked with LexiComp® the identified risk level was A, B, or C. 

The meaning of the risk levels for egg allergies with medication 

are in Appendix M (page 339). There was enough information 

to determine that the patient had received this medication with 

no sequala. 

• The patient had a documented egg-allergy in the EHR; however, 

the allergic reaction and severity were not documented. The 
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vaccine causing the alert to be generated did have egg or egg-

derived product in its constituents, and when cross checked with 

LexiComp® the identified interaction risk level was D or X. The 

meaning of the risk levels for egg allergies with medication are in 

Appendix M (page 339). There was enough information to 

determine that the patient had received this medication with no 

sequala, and there were no other suitable alternatives to be used. 

The egg-allergy alert was assessed as inappropriately overridden if: 

• The patient had a documented egg-allergy in the EHR; however, 

the allergic reaction and severity were not documented. The 

vaccine causing the alert to be generated did have egg or egg 

derived protein as part of its constituents, and when cross 

checked with LexiComp® the identified risk level was A. The 

meaning of the risk levels is in Appendix M (page 339). There 

was enough information to determine that the patient had 

received this before medication with sequala and needed anti-

allergic medication (there were none in our sample found to be 

assessed like this). 

• The patient had a documented egg-allergy in the EHR; however, 

the allergic reaction and severity were not documented. The 

vaccine causing the alert to be generated did have egg or egg-

derived product in its constituents, and when cross checked with 

LexiComp® the identified risk level was D or X. The meaning of 

the risk levels for egg allergies with medication are in Appendix 
M (page 339). There was enough information to determine that 

the patient had previously received this medication with sequala 

and needed anti-allergic medication and there were other 

suitable safer alternatives to be used (In the sample of alerts 

analysed and assessed there was no instance of this alert being 

overridden inappropriately). 

G6PD 

syndrome 

 
 

 

Outpatient 

and inpatient 
department 

Additional 

information 

needed 

This alert is generated for medication that will not be metabolised 

effectively if taken by a patient suffering from Glucose-6 phosphate 

dehydrogenase deficiency (G6PD) syndrome. 
The EHR was reviewed for confirmation of G6PD syndrome. The 

medication was cross-checked in LexiComp® and the monograph 

reviewed regarding administration for patients with G6PD. 

Alert 
display 

The G6PD syndrome alert was assessed as appropriately displayed 
if: 

• The patient had confirmed G6PD syndrome. 
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• The medication causing the alert was to be used with caution or 

contraindicated to be administered to patients with G6PD 

syndrome. 

The G6PD syndrome alert was to be assessed as inappropriately 

displayed if: 

• The patient did not have G6PD. (In the sample of alerts analysed 

and assessed there was no instance of this alert being generated 

inappropriately.) 

Alert 

override 

The alert was assessed as appropriately overridden if: 

• There was enough evidence in the EHR to confirm the patient 

tolerated this medication before, and there was no other suitable 

alternative. 

The alert was assessed as inappropriately overridden if: 

•  the medication was to be used with caution or contraindicated to 

be administered to patients with G6PD syndrome but there was 

no evidence that the medication had been tolerated with no 

sequala. (In the sample of alerts analysed and assessed there 

was no instance of this alert being overridden inappropriately.) 

Switch 

medication 

from 
injectable 

dosage form 

to oral dosage 
form. 

 

Inpatient and 

outpatient  

Additional 

information 

needed 

This alert is generated to alert the physician to switch the dosage form 

ordered from injectable to oral. If one of the medications on the patients 

list is orally administered the one prescribed in injectable form will trigger 

the alert generation. However, some medications are tolerated to be 

crushed and inserted via enteral nutrition (EN) or via nasogastric tube. The 

EHR was reviewed to determine if the patient could or could not tolerate 

administered oral medications (for example was fasting before surgery or 

recovering post-surgery) or had issues with swallowing. The medication 

(causing the alert generation) was checked using LexiComp® 2018 and 

2019. The KSUMC medication formulary was also checked, to determine 

availability of oral dosage form of the prescribed medication. 

Alert 

display 

The alert was assessed as appropriately displayed if: 

• The patient could tolerate administration of oral dosage form and 

the medication was available in oral dosage forms 

The alert was assessed as inappropriately displayed if: 

• The patient was currently on physicians’ instructions to not take 

food, drink or medications orally. 

• The medication was not available in KSUMC as oral dosage form 

• Due to the indication (reason the medication was prescribed), the 

medication was to be administered injectable route rather than 

oral route. This was determined from the EHR and physician’s 
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notes, and checked with the medication monograph from 

LexiComp ® (2018 and 2019) 

Alert 

override 

The alert was assessed as appropriately overridden if: 

• The patient was currently on physicians’ instructions to be NPO  

• The medication was not available in KSUMC as oral dosage 

form, available only injectable dosage form 

• Due to the indication (reason the medication was prescribed), the 

medication was to be administered by injectable route rather than 

oral route. This was determined from the EHR and physician’s 

notes and checked with the medication monograph from 

LexiComp ® (2018 and 2019). 

• An oral alternative is not available in KSUMC formulary. 

The alert override was assessed to be inappropriate if: 

• The patient could tolerate oral medications and the medication’s 

oral dosage form was available in KSUMC 

• The patient could tolerate intake of oral medications and an oral 

alternative was available in KSUMC formulary. 

Documentation 
of height and 
weight 

 

Inpatient and 

outpatient 

Additional 
information 

needed 

If patient’s height and weight information are missing from the EHR, or 

patient’s growth chart, for a patient aged 12 years or less, this alert will be 

generated.the physician to check the dose of the medication prescribed. 

The patient’s EHR was reviewed for the documentation of the patient’s 

weight and height. LexiComp® (2018 and 2019), UpToDate® (2018 and 

2019) were searched for the recommended dose range of the medication 

that caused the alert to be generated. To assess the appropriateness of 

the alert override, the EHR was reviewed, for evidence of documentation 

of patient’s weight or height on the date the medication was prescribed, 

including the during documentation of vital signs, patient’s growth chart, 

and physician’s notes. 

Alert 

display 

The alert was assessed as appropriately displayed if: 

• There was no documentation of patient’s weight and height in the 

EHR. 

• The dosing of medication for which the alert was generated 

depends on weight or body surface area calculation (BSA). 

The alert was assessed as inappropriately displayed if: 

• there was documentation of patient’s weight and height in the 

EHR as part of patient demographic information 

• The dosing of the medication for which the alert was generated 

does not depend on patient weight or calculation of BSA. 

Alert 

override 

The alert was assessed as appropriately overridden if:  
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• The dosing of the medication that generated the alert does not 

depend on patient weight or calculation of BSA. 

• The dosing of the medication that generated the alert does 

depend on patient’s weight, and upon review of the patient’s 

EHR, the updated weight was documented as part of vital signs 

or in the physician’s notes. The recommended dose of 

medication for which the alert was generated was checked 

through Lexicomp® (2018 and 2019). The dose of medication 

ordered by the physician was found to be within the 

recommended dose range. 

The alert override was assessed to be inappropriate if: 

• The dosing of the medication that generated the alert does 

depend on patient’s weight, and upon review of the patient’s 

EHR, the updated weight was documented as part of vital signs 

or in the physician’s notes. The recommended dose of 

medication for which the alert was generated was checked 

through the drug monograph of Lexicomp® (2018 and 2019). 

The dose of medication prescribed by the physician was found 

to be out of (higher or lower) than the recommended dose range. 

• The dosing of the medication that generated the alert does 

depend on patient’s weight, and upon review of the patient’s 

EHR, the updated weight was not documented as part of vital 

signs or in the physician’s notes. The recommended dose of 

medication for which the alert was generated was checked 

through the drug monograph Lexicomp® (2018 and 2019). The 

dose of medication prescribed by the physician was found to be 

prescribed out of (higher or lower) than the recommended dose 

range. 

Vincristine 

dosage alert 
 

Inpatient 

department 

 

Additional 

information 
needed 

The vincristine dose alert would be generated if the prescriber ordered 

more than 2mg, the reference for this dose-threshold was (Cerner 

Millenium, Multum®). The patient’s BSA was calculated with the 

LexiComp calculator. From the patient’s EHR, the patient’s weight in 

kilograms was noted, and in case not documented in the EHR, the 

physician notes, laboratory results, and imaging results was reviewed to 

determine the indication the for which patient was receiving the vincristine 

(which type of malignancy).  The recommended dose according to the 

indication was cross-checked using LexiComp® (2018 and 2019) 

database software and UpToDate® (2018 and 2019) database software. 

Alert 

display 

The vincristine-dosage alert was assessed as appropriately 

displayed if: 
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Alert type Criteria and parameters assessed 

• Vincristine had been prescribed in a dose more than 2mg 

The vincristine-dosage alert was assessed as inappropriately 

displayed if: 

• Vincristine had been prescribed in a dose of 2mg or less 

Alert 
override 

The vincristine-dosage alert was assessed as appropriately 
overridden if: 

• Vincristine had been prescribed in a dose of 2mg or less 

• Vincristine had been prescribed in a dose of greater than 2mg; 

however, upon review of the EHR there was enough information 

documented and the dosage was justified. The dose was within 

recommended range suitable for the patient and for the indication 

as per LexiComp® (2018 and 2019) and UptoDate® 2018 and 

2019) 

• Vincristine was ordered but with-held from administration and the 

patient did not receive it 

The vincristine-dosage alert was assessed as inappropriately 
overridden if: 

• The targeted vincristine dose within the chemotherapeutic 

regimen was not documented 

• There was not enough information in the EHR to justify the 

targeted vincristine dose within the chemotherapeutic regimen 

• There was enough information in the EHR to determine the dose 

above 2mg was not justifiable based on patient’s indication, or 

BSA, as in the Lexi-Comp® (2018 and 2019) and UptoDate® 

monographs. 

Stop order 

 

Inpatient 

Additional 

information 

needed 

This alert is generated to indicate that this order will be ordered once and 

not repeated. The alert type was activated in May 2016. 

The purpose the alert serves is to prevent repetition of prescription of 

medication. It is generated when non-Saudi patients come to the 

emergency department and are non-eligible to open a patient file and 

record. They are given temporary medical record numbers. For this 

reason, there is no EHR to access and assessing appropriateness of alert 

display and alert override during the pilot arm prove to not be possible, 

therefore this alert was not included for assessment in the study arm. 

Alert 
display 

Assessment not carried out 

Alert 

override 

Assessment not carried out 

Abbreviations:  NPO- Nothing by mouth. BSA- Body surface area. EHR-Electronic health record 
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Appendix J: Steps of assessment of appropriateness of alert display and alert override for each 
alert type 

 

Assessment of drug duplicate alert display: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outpatient: Does the patient have 

enough of this medication at home? 

Inpatient: Was this same order placed 

twice within the same 24 -hour period? 

Outpatient and inpatient: Is the 

prescribed medication in the same 

pharmacological class as another 

medication on patient’s medication list? 

 

Outpatient and inpatient: Was there a 

documented prescribed change in the 

EHR regarding any adjustment in 

medication strength, frequency, or 

dosage? 

Box One 

 

Box Two 

Yes or No Proceed 

to next question 

 

Yes or No Proceed 

to next question 

 
Box Three 

If the answer to any of the 

questions in box one, two, 

or three was yes, the alert 

was assessed as displayed 

appropriately. 

If the answer to all of the 

questions in box one, two, 

or three was no, the alert 

was assessed as displayed 

inappropriately. 
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Assessment of drug-duplicate alert override: 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outpatient: Is a refill of the prescribed 

medication due? 

Inpatient: Is this medication prescribed 

twice in the same 24-hour period? 

 

Outpatient and inpatient: Is the 

prescribed medication in the same 

pharmacological class as another 

medication on patient’s medication list? 

 

 

Box One 

Box Two 

Yes or No Proceed 

to next question 

 
Outpatient and inpatient: Was this order to 

prescribe a change in the EHR regarding 

any adjustment in medication strength, 

frequency, or dosage? 

Yes or No Proceed 

to next question 

 

Box Three 

Outpatient and inpatient: Was this order to 

prescribe a change in the strength of the 

medication, necessitating two separate 

orders to complete the required strength? 

Box Four 

If the answer to any of the 

questions in box one, two, 

or three was ‘yes’, the alert 

was assessed as 

overridden appropriately. 

If the answer to any of the 

questions in box one, two, 

three,or  four was ‘no’ the 

alert was assessed as 

overridden inappropriately. 

 

Yes or No Proceed 

to next question 
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Assessment of drug interaction alert display: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outpatient and inpatient:  

Does the medication causing the 

alert interact with any medication 

on the active medication list? 

 

Box One 

 

If the answer to the 

question in box one was 

‘yes’, the alert was 

assessed as being 

displayed appropriately. 

Yes 

 

If the answer to the 

question in box one was 

‘no’, the alert was assessed 

as being displayed 

inappropriately. 

No 
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Assessment of drug interaction alert override 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outpatient and inpatient:  

Does the medication causing the alert interact with any 

medication on the active medication list? 

 

The alert was assessed as 

overridden appropriately. 

 
Yes 

No 

Was this medication an otic or opthalmic preparation for short 

term use?  

Was this medication a topical preparation for short term use?  

  

 

 

The alert was assessed as 

overridden appropriately. 

 

Yes 

No 

Upon cross checking with Lexi-Comp ® this interaction was 

determined to be an interaction of rating A, or B, or C, or D, or X. 

The next page details the assessment of drug interaction alert 

according to rating. 
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Assessment of drug interaction alert override according to rating: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appropriate 

override 

 

Yes 
Upon cross checking with the Lexi-Comp was this 

interaction determined to be an interaction of 

rating A or rating B?  

 

Upon cross checking with the Lexi-Comp was this 

interaction determined to be of rating C? 

 

Was there enough evidence in the EHR 

to indicate that necessary monitoring 

measures had been undertaken? 

 

No 

Yes 

Yes 

No No 

 

 Was there was enough evidence in the EHR to indicate 

that this combination of medications was necessary? 

Upon cross checking with the Lexi-Comp was this 

interaction determined to be of rating C or D? 

 
Yes 

Appropriate override 

 

Inappropriate override 

 

Yes 

No 

Upon cross checking with the Lexi Comp this 

interaction it was determined to be of rating X.  

Yes 

Inappropriate 

override 

 

Appropriate 

override 

 

Inappropriate 

override 

 

No 

 Was a suitable alternative available in KSUMC formulary and 

in stock? 

(Suitable for the patient, according to age and allergy status 

and did not have other or more severe drug interactions with 

other concurrent medications). 

No 

Appropriate override 

 

Yes 
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Assessment of dose range alert display: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Inpatient and outpatient: 

Was the dosage medication causing generation of dose 

range alert prescribed above or below the 

recommended dose range as checked in Cerner 

Multum® database? 

Appropriately alert display 

 

Box one 

Inpatient and outpatient: 

Was the dosage medication 

causing generation of dose 

range alert to be prescribed 

according to body weight?  

Was the recent 

body weight 

documented in the 

EHR? 

Inappropriate alert display 

 

Appropriate alert display 

 

Inpatient and outpatient: 

Was the dosage medication causing generation of 

dose range alert prescribed above or below the 

recommended dose range as checked in UpToDate® 

for an off-label indication? 

 

Box three 

Box two 

Yes 

Yes 

Appropriate alert display 

 

Inpatient and outpatient: 

Was the dosage medication causing generation of 

dose range alert to be prescribed according to serum 

creatinine level but there was no documentation of 

recent serum creatinine level? 

If the answer to the questions in boxes one through four 

was ‘no’, the alert was assessed as displayed 

inappropriately. 

 

No or not applicable 

No or not applicable 

Box four 

Yes 

Yes 

Yes 
Appropriate alert display 

 

No 

No or not applicable 

No or not applicable 
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Assessment of dose range alert override in inpatient and outpatient: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the dosage medication causing 

generation of dose range alert 

prescribed above or below the 

recommended dose range as checked 

in the revised Cerner Multum® 

database? 

Inappropriate alert override 

 

Yes 

Was the dosage medication 

causing generation of dose 

range alert to be prescribed 

according to body weight? 

Box two 

Box one 

No or not applicable 

Was the recent body 

weight documented in 

the EHR? 

Appropriate alert override 

 

Inappropriate alert override 

 

Was the dosage of the 

medication causing generation 

of dose range alert prescribed 

for an off-label indication? 

 

Box three 

Was the dosage 

prescribed above or below 

the recommended dose 

range as checked in 

UpToDate® with enough 

information documented in 

the EHR supporting this 

use? 

No or not applicable Yes, the 
supporting 
evidence was 
enough 

Yes 

Appropriate alert 

override 

 

Inappropriate alert 

override 

 

No, the 

supporting 

evidence was 

not enough 

Was the dosage of the 

medication causing 

generation of dose range alert 

to be prescribed according to 

serum creatinine level?  

Was there documentation 

of recent serum creatinine 

level, and upon calculation 

of creatinine clearance the 

prescribed dose was 

suitable for the patient? 

No or not applicable 

Box four Appropriate alert 

override 

 

Inappropriate alert 

override 

 

Yes, the 
supporting 
evidence was 
enough 

No, the 

supporting 
evidence was 

not enough 

No 
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Assessment of drug allergy alert display in inpatient and outpatient: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box one Was there a documented allergy in 

the patient’s EHR to the medication 

causing alert generation? 

 

 

Appropriate alert display 

Was there a documented allergy in 

the patient’s EHR to a medication 

in the same class as the 

medication causing alert 

generation? 

 

 

No 

Yes 

Was there a documented allergy in 

the patient’s EHR to a constituent 

of the medication causing alert 

generation? 

 

 

Yes 

Yes 

Appropriate alert display 

Appropriate alert display 

Box two 

Box three 

If the answer to the questions in boxes one 

through three was ‘no’, the alert was 

assessed as displayed inappropriately. 

 

No 
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Assessment of drug allergy alert override in inpatient and outpatient: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was there a 

documented allergy in 

the patient’s EHR to the 

medication causing alert 

generation? 

 

 

Was there a documented 

allergy in the patient’s EHR 

to a medication in the same 

class as the medication 

causing alert generation? 

 

 

Was there a documented 

allergy in the patient’s 

EHR to a constituent of the 

medication causing alert 

generation? 

 

 

No No No 

Box one 

If the answer to 

questions in boxes one, 

two and three was ‘no’ 

the alert was assessed 

as overridden 

appropriately 

How was the type and severity of the 

allergic reaction documented in the 

patient’s EHR? 

 

 

Yes Yes 
Yes 

When cross checked with LexiComp® was the 

identified risk level either level A, level B, or 

level C?  
Yes 

Was there enough information 
documented in the EHR indicating the 

patient had taken the medication before? 

Severe 

No 

Inappropriate 

alert override 

Mild or 
moderate 

Not 
documented 

Was it topical, ophthalmic, or an otic 

dosage form for short term use? 

No 

 

Yes 

Appropriate 
alert override Inappropriate 

alert override Was there enough information documented in 

the EHR that the patient had taken the 

medication before without sequala? 

Yes 

If there were no available alternatives please go to next page 

to continue this figure: 
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Inappropriate alert 

override 

Was there enough information documented in the 

EHR to show the patient did not have sequala, and 

there were no suitable alternatives? 

No 

Appropriate alert 

override 

Yes 

Continuation of figure: Assessment of drug allergy alert override in inpatient and outpatient: 
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Assessment of new drug-allergy alert display 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was there a documented allergy in 

the patient’s EHR to the medication 

causing alert generation? 

 

 
Was there a documented allergy in 

the patient’s EHR to a medication 

in the same class as the 

medication causing alert 

generation? 

 

 

Was there a documented allergy in 

the patient’s EHR to a constituent 

of the medication causing alert 

generation? 

 

 

Appropriate alert display 

Appropriate alert display 

Appropriate alert display 

Yes 

Yes 

No 

No 

No If the answer to questions in boxes one, two and 

three was ‘no’ the alert was assessed as displayed 

inappropriately. 
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Assessment of new drug-allergy alert override 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was there a 

documented allergy in 

the patient’s EHR to the 

medication causing alert 

generation? 

 

 

Was there a 

documented allergy in 

the patient’s EHR to a 

medication in the same 

class as the medication 

causing alert 

generation? 

 

 

Was there a 

documented allergy in 

the patient’s EHR to a 

constituent of the 

medication causing 

alert generation? 

 

 

No No No 

Box one 

If the answer to 

questions in boxes one, 

two and three was ‘no’ 

the alert was assessed 

as overridden 

appropriately 

How was the type and severity of the 

allergic reaction documented in the 

patient’s EHR? 

 

 

Yes Yes 
Yes 

When cross checked with LexiComp® was the 

identified risk level either level A, level B, or 

level C?  

Yes 

Was there enough information 
documented in the EHR indicating the 

patient had taken the medication before? 

No 

 

Severe 

Inappropriate 

alert override 

Mild or 
moderate 

Not 

documented 

Was it topical, ophthalmic, or an otic dosage 

form for short term use? 

Yes 
Appropriate 

alert override Was there enough information 

documented in the EHR that the 
patient had taken the medication 

before without sequala? 

Yes 

Yes No 

Inappropriate alert 

override 
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Assessment of egg-allergy alert display 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Was there a documented egg 

allergy in the patient’s EHR? 

 

 

Did the medication that caused 

alert generation contain egg or 

egg-derived product? 

 

 

Inappropriate alert display 

Yes 

No 

No 
Inappropriate alert display 

Appropriate alert display 

Yes 
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Assessment of egg-allergy alert override 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was there a documented egg allergy in the 

patient’s EHR? 

 

 

Did the medication that caused alert generation 

contain egg or egg-derived product? 

 

 
Yes 

No 
Appropriate alert override 

How was the type and severity of the allergic 

reaction documented in the patient’s EHR? 

 

 

Appropriate alert override 
No 

When cross checked with LexiComp® was the 

identified risk level either level A, B, C, D or X?  

Severe 
Mild or 

moderate 

Yes 

Not 
documented 

Was there enough information 

documented in the EHR that the 

patient had taken the medication 
before without sequala? 

Was there 

another suitable 

available? 

No 

Yes 

Appropriate alert override 

Was there enough information 
documented in the EHR that the 

patient had taken the medication 

before without sequala? 

Yes 

Yes 

 No 

 

No 

No 

Yes 

Inappropriate alert override 
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Assessment of egg-allergy alert override for vaccines 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was there a documented egg allergy in the 

patient’s EHR? 

 

 

Did the medication that caused alert 

generation contain egg or egg-derived 

product? 

 

 
Yes 

No 
Appropriate alert override 

How was the type and severity of the allergic 

reaction documented in the patient’s EHR? 

 

 

Appropriate alert override 

No 

Mild or 
moderate 

Yes 

Not 

documented 

Was there enough information 

documented in the EHR that the patient 

had taken the medication before without 

sequala? 

When cross checked with LexiComp® was the 

identified risk level either level A, B, C, D or X?  

Severe 

Was there enough information 
documented in the EHR that the 

patient had taken the medication 

before without sequala? 

No 
Was there enough information documented in the 

EHR that the patient had taken the medication before 
without sequala? 

Was there another suitable 

available? 

Yes 

No 

No 

Yes 

Appropriate alert override Inappropriate alert override 

Yes 

Yes 

No 

Inappropriate alert 

override 
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Assessment of G6PD syndrome alert display 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Did the patient have confirmed diagnosed 

G6PD syndrome? 

 

 

When checked in LexiComp® was the 

medication causing the alert to be generated 

found to be contraindicated for use in 

patients with G6PD (or recommended to be 

used with caution)? 

 

Inappropriate alert display 

Yes 

No 

No 

Yes 

Inappropriate alert display 

Appropriate alert display 
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              Assessment of G6PD syndrome alert override 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Did the patient have confirmed diagnosed G6PD 

syndrome? 

 

 

When checked in LexiComp® was the medication 

causing the alert to be generated found to be 

contraindicated for use in patients with G6PD (or 

recommended to be used with caution)? 

 

Appropriate alert override 

No 

 

Yes 

No 

Yes 

Was there enough information documented in the EHR 

that the patient had taken the medication before without 

sequala? 

Was there another suitable alternative 

available? 

Yes 

Appropriate alert override 

No 

Inappropriate alert override 

Yes 

Appropriate alert override 

No 
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Assessment of alert display ‘switch medication from injectable dosage form to oral dosage form’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the patient able to tolerate 

medication in the oral dosage form? 

 

Appropriate alert 

display 

Yes 

 Was the medication available in 

the oral dosage form in KSUMC 

formulary and available in stock? 

 

Yes 

No 

Inappropriate alert display 

No 
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Assessment of alert override of type ‘switch medication from injectable dosage form to oral dosage form’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the patient able to 

tolerate medication in the oral 

dosage form? 

 

Inappropriate alert 

override 
Yes 

Was the medication available in 

the oral dosage form in KSUMC 

formulary and available in stock? 

 

Yes 

 

Yes 

No 

Appropriate alert 

override 

No 

In the EHR of the patient was it 

documented that the medication 

was prescribed in the injectable 

route rather than oral because of 

the indication? 

No 

Abbreviations used: EHR- electronic health record, KSUMC- King Saud university medical city 
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Assessment of alert display of type ‘documentation of height and weight’ from inpatient and outpatient 

setting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the patient’s age 

less than 12 years?  

 

Was the patient’s height 

and weight documented in 

the EHR (on the date of the 

prescription of the 

medication)?  

 

Was the dose of the 

medication causing alert to be 

generated dependent on 

height, weight, or BSA? 

 

No 

 

Yes 

Yes 

 

Inappropriate alert display 

Inappropriate alert display 

No 

 
Yes 

 
Inappropriate alert display 

Abbreviations used: BSA- body surface area, EHR- electronic health record. 
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Assessment of alert override of type ‘documentation of height and weight’ from inpatient and outpatient 

setting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the patient’s age less than 

12 years?  

 

Was the patient’s height and 

weight documented in the EHR 

(on the date of the prescription of 

the medication)?  

 

Was the dosing of the medication 

causing the alert to be generated 

dependent on height or on weight, 

or on BSA? 

 

No 

 

Yes 

Yes 

 

Appropriate alert override 

Appropriate alert override 

No 

 

Inappropriate alert override 

No 

 

Yes 

 
No 

 

Was the dose of the medication of 

the medication prescribed found 

to be within the recommended 

dose range (as checked in Cerner 

Multum® and LexiComp® 2018, 

2019? 

 
Yes 

 

Appropriate alert override Inappropriate alert override 

Abbreviations used: BSA- body surface area, EHR- electronic health record. 
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Assessment of vincristine alert display in inpatient setting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the dose of vincristine 

prescribed two milligrams or 

more? 

 

No 

 
Inappropriate alert 

display 
Appropriate alert display 

Yes 
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Assessment of vincristine alert override in inpatient setting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Was the dose of vincristine prescribed two 

milligrams or more? 

 

Appropriate alert 

override 

Was there enough information documented in 

the EHR to justify the prescription of this dose?  

No 

 

Yes 

 No 
Inappropriate alert 

override 

Yes 

 
Was the dose within the recommended range 

suitable for the patient and for the indication? (As 

per Cerner Multum®, and UptoDate® 2018 and 

2019). 

No 
Inappropriate alert 

override 

Yes 

 

Appropriate alert 

override 
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Appendix K: Meaning of drug-drug interaction categories. 

Lexicomp interaction category Lexicomp interaction analysis 

A No known interaction 

B No action needed 

C Monitor therapy 

D Consider therapy modification 

X Avoid combination 
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Appendix L: Meaning of drug-allergy interaction categories. 

Lexicomp interaction category Lexicomp interaction analysis 

A No known interaction 

B No action needed 

C Monitor therapy 

D Consider therapy modification 

X Avoid combination 
When looking up drug-allergy interaction information the categories provided by the Lexicomp® are same category meaning 

as provided for drug interactions. 
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Appendix M: Meaning of egg-allergy categories. 

Lexicomp interaction category Lexicomp interaction analysis 

A No known interaction 

B No action needed 

C Monitor therapy 

D Consider therapy modification 

X Avoid combination 
When looking up egg-allergy interaction information the categories provided by the Lexicomp® are same category meaning 

as provided for drug interactions. 
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Appendix N: Sample size calculations. 

 

The next step was to calculate the sample size through the confidence interval. 

(Altman, 2005). 

Single sample: The confidence interval for a population mean is derived using 

mean    

And its standard error SE  ( )  from a sample size (n).In the data; there is no 

population mean. The alert is judged to be either ‘appropriate’ or ‘not appropriate’. 

!"($) = '()/+   

r= observed number of subjects with feature 

n= sample size  

q= 1-p is the estimated proportion do not have the feature 

p= , +⁄  estimated proportion who have this feature  

Assuming the pilot figures in which 54 alerts were observed be appropriately 

overridden out of 92 alerts assessed: 

         p= !"#$ = 0.5869         q=1-p       q= 1-0.5869= 0.413 

 

The Standard error (SE) of (p) = .() +/  

SE (p)= .%.!'(#)%."*+*
#*  = %.$"$""#$  = 0.0026353 

= √0.0026353 = 0.051335 

 Therefore, the SE of (p)= 0.051335. 

The 95% confidence interval for the population value of the proportion of alerts 

cosidered to be appropriately overridden appropriately is: 

P – (1.96xSE) to P + (1.96xSE) 

0.5869 – (1.96 x 0.051335) to   0.5869 + (1.96 x 0.051335) 

0.5869 – (0.1006171) to 0.5869 + (0.10061710325) 

0.48628289674 to 0.687517 
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The 95% confidence interval for the population value of the proportion of alerts 

deemed to be overridden appropriately is  

0.486 to 0.688 

Using the recommended method: 

 A= 2, +	9$ B= 9'9$ + 4,) C= 2(n+9$) 
A= 2[54] + 1.96$ 
B= 1.96'1.96$ + 4(92=. 4131) 
C = 2((92) + 1.96$ 
((-./)1 ) to ((-2/)1 ) 

A= 108+3.8416  A=111.8416 

B= 1.96'3.8416 + 4(38.0052) 
B= 1.96√155.8624 = 1.96 x 12.48448637; therefore B= 24.469593 

C= 2(91+3.8416) = 2(95.8416) = 191.6832; therefore C= 191.6832 

Confidence interval:  (***.'"*(.$".(#!#+*#*.('+$ ) to (***.'"*(2$".(#!#+*#*.('+$ ) 

('3.*"!(3*#*.('+$) to (*+(.!+3!*#*.('+$) = (0.4546338) to (0.712308277) 

Confidence interval from the recommended method:  

(0.454634) to (0.7123083) 

Therefore, to calculate the confidence interval of proposed sample size 300 if the 

probability of having the feature of being appropriately overridden 

As (p) was calculated  

Out of 300 alerts; (176) assumed to be overridden appropriately 

SE(P)= .%.!'()(*.%.!'()
+%%  

SE(P)= .%.!'()(%."*")
+%%  = .%.$"$(

+%%  = √0.0081 

SE(P)= 0.028437 

The 95% confidence interval for the proportion of alerts assessed to be overridden 

appropriately is found as: -  

0.586 - (1.96x0.0284) to 0.586 + (1.96x0.0284) 

0.586 – (0.05566) to 0.586 + (0.05566) 
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= 0.5303 to 0.64166 

Using the recommended method to calculate the confidence interval of a sample 

size of 300 alerts: 

A = 2r + 9$  
B= Z'9$ + 4,) 

C= 2(n + 9$) 
 

A= 2(176) + (1.96$) 
A= 352 + 3.8416 = 355.8416; therefore A= 355.8416 

B= 1.96'3.8416 + 4,) 

B= 1.96'3.8416 + 4(176)(0.4131) 
B= 1.96√3.8416 + 270.8224 

B= 1.96√294.664 = 1.96 x 17.16577 = 33.645; therefore B= 33.645 

C= 2(n + 9$) = 2(300 + 1.96$) 
= 2(303.8416) = 607.6832; therefore, C= 607.6832 

((-./)1 ) to ((-2/)1 ) 

 

Confidence interval: - (+!!.'"*(.++.("!	(%3.(' ) to (+!!.'"*(2++.("!(%3.(' ) 

(+$$.*#((%3.(' ) to (+'#."'(((%3.(' ) = (0.530207) to (0.6409) 

Confidence interval from the recommended method: - 

(0.530207) to (0.6409) 

The calculated confidence interval from the traditional method is very similar to the 

calculated confidence interval by the recommended method, the interval of 0.53 to 

0.64. A sample of 300 alerts were chosen at random (using the same randomisation 

technique outlined for the pilot) to be assessed for appropriateness of alert display 

and appropriateness of alert override. 
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Appendix O: Examples of physicians’ free text entries as reasons for overriding medication 
related alerts. 

 

Examples of what was entered in the system have been documented in the third 

column of this table. They may include spelling mistakes, unclear abbreviations, 

mixtures of sentence case or upper case. They have been documented ‘as entered’ 

without modification to give a representation of entries. 

Classification of what 
was entered 

Number 
assigned 

Examples of what was entered (as entered) 

No Overridden Reason 

Entered 
1 

This is chosen from the pulldown menu and there is no 

text entered 

Nonsensical characters 2 

.X 

ok 

N 

S 

C 
Gjgfh 

ZZZ 

CCCC 

OJ 

Special instructions (3A to 3D) 

As instructed by 
physician or consulted 

other health care 

practitioner 

3A 

-as order by consultant dr._ _ _ _ _ 

-AS PER CONSULTANT ER 

-allowed by doctor 

-DR DECISOON 
-AS PER DR _ _ _ _ _ _ _ ORDER 

-AS per RDU nurse 

-Approved by Dr _ _ _ _ _ Clinical pharmacist 

-as per Dr. _ _ _ _ _ clinical pharmacist 

-AS PER CLINICAL PHARMASICT FOR LOW PEAK 

AND LEVEL TO GIVE STAT DOSE 

As per protocol or policy 3B 
-As per protocol 

-As per guidelines 
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Classification of what 
was entered 

Number 
assigned 

Examples of what was entered (as entered) 

-acc to AAP american association of peds its not 

contraindicated and considered safe 

-has mild allergy to egg containing things acc to AAP 

american association of peds not contraindicated 
-Other DKA protocol 

Order modification; 

justification of ordering 
special instructions 

3C 

-REODER 

-Stopped medication awhile ago 

-tapering dose 

-NEED LOWER DOSE 

-enoxaparin to discontinue 

-Instructions provided to patient to start medication one 

after other and not in combination 
-patient will stop enoxaparin 

-Cont on isotretinoin 30 mg PO OD 

-Cont on oral D/C topical 

-PATIENT WAS ON IT 

-in dialysate bags only 

-pre op (single dose)  for pt will go to cystoscopy and he 

is allergic to cefuroxime 
-intra op if needed 

-Pt off tri-luma for 3 motnhs, requested to start medication 

3 weeks of eldoquine 4% 

-REFILL ONLY 

-FOR CT SCAN 

-daily dose will be 1.9 g which is less than 2 g 

-HAS KIDNEY INJURY CANT AFFORD METFORMIN 

OR GLICALZID 
-patient already on this medication with normal urea and 

creatinine 

-patient on this dose since admission, urea and creatinine 

normal 

-target dose 15 mg /kg /day q8hr 



345 
 

Classification of what 
was entered 

Number 
assigned 

Examples of what was entered (as entered) 

Controlled clinical trial 3D 
-Controlled Clinical Trial 

-Clinical Trial 

Indication 4 

-INFETILITY 

-INFERTILOITY 

-Infection 
-PROSTATE CANCER 

-THYROID CANCER 

-PCO 

Laboratory 

investigations or clinical 

findings 

5 

-PAtientvon current medication and U&E normal 

-Patient weight is 15 kg 

-this patient has only 1 kidney with a good function as per 

last labs. 

-pt post liver tranplant with elevated liver enzymes 
-WEIGHT 34 KG 

-WEIGHT IS 25.7 

-low potassium 2.9 

-high glucose 

-low potassium 

-aptt is 38 

-Normal Urea and Creatinine 

-Patient with normal Cr Clearance 
-low potassium and NGT suctioning 

-current glucoheck is 7.9 

-K level 3.2 with frequent PVCs 

Patient centered factors (6A up to 6C) 

Patient special 

circumstances 
6A 

-outside riyadh 
-mother stopped straterra more than a year 

-finished, lost 

-Child need syrup 

-To avoid gastric upset 

-maintenance done and she in on peritoneal dialysis 

-pt is struggeling with refills that are not syncronised. thus 

pt was given all prescriptions today 
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Classification of what 
was entered 

Number 
assigned 

Examples of what was entered (as entered) 

-Patient is on these medications from his primary 

physician. 

-vomitnig 

-induction of sputum 

Patient for procedure or 

pre-operation 
6B 

-PRE OP 

-As prophylaxis to be givin oncall to OR 

-as the patient will go for AVF procedure tomorrow 

-FOR TESTING PURPOSES 

-only because she is going to OR tomorrow 

-GIVE 366 mg ONCE UPON INDUCTION TO OR 

Patient post- procedure 
or operation 

6C 

-POST OP PROTOCOL FOR SCOLIOSIS DR._ _ _ _ _ 

_ _ _ _ _. 
-dr._ _ _ _ _ _ _  protocol post op scoliosis 

-post op 

Aware of interaction 

(interaction with drug or 

aware of drug-allergy) 

7 

-No intraction  between MTX and Infliximab 

-clincal judgment 

-no risks 

-patient brought adol (which is paracetamol ) and she 

said she is taking at regularly without allergy 

Unavailability of 

medication in hospital, 
or unavailability of 

medication in a certain 

dosage form 

8 

-THERE IS NO ORAL PIPRACILLINE 

-Pharmacy do not have 0.9% NaCl 

-cefotaxima not available 

-we need 300mg q6hr PRN, but it is not available as a 

syrup. 

-no oral form 

Correction (dose or 

route or frequency or 

dosage form) of 
previously placed order 

9 

-CONSECUTIVE DOSES 

-THE ACCURATE DOSE IS 4.5 MG / KG / DOSE 

-accurate dose 360 mg 

-daily dose will be 1.9 g which is less than 2 g 

-Other (change Injection to tablet). 

-Stopping IV and starting Oral 
-i calculated highest dose according to her weight is 11 u 

-15mg /kg 

-Bolus 

-Meningtic dose 300 mg/kg/day = 100 mg/kg/dose Q8hrs 
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Classification of what 
was entered 

Number 
assigned 

Examples of what was entered (as entered) 

Incomplete information 10 

-DILATING DROPS 

-NEED IT 

-agrree to 

-accepted 
-?meropenem 

-OK 

-change 

-Renal Adjustment 

This new order is 

duplicate of an older no 

longer valid order 

11 

-We dicontinue insulin 

-will cancel the older order 

-Buscban is ONLY PRN 

-LAST DOSE IS MIDNIGHT TODAY 21/9/2015 

-THe previous order is discontinued 

Error in alert display 12 

-No mention which drug 
-No mention which drug!!!! 

-The eGFR is about 60 ml/min not < 30 as calculated by 

the system 

-within the allowed does, window error 

-No idea which medicine is being mentioned. No 

intimation of the name of drug. 

Continuation of 

previously approved 

dose or combination 

that the patient has 

been taking at home or 

during this admission or 
previous admissions 

13 

-pt is recieving this at home. 

-Patient on this medication from his physician in clinic 

-HOME MEDICATIONS 
-Patient is already on this medication for long time. He is 

under care of a physician already who chose to continue 

the medication 

-Patient already on this dose 

-Patient taking this combination at home 

-Patient on this dose while admitted to the hospital 

Other 14 

-She is not on heparin 

-crrt syringes 
-PLEASE CHECK IF there is no interaction between 

those drugs. 
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Appendix P: Percentage of alerts overridden stratified by type of alert and month of the year. 

Figure a- Percentage of alerts overridden stratified by type of alert and month during 

2015 in the inpatient department. 
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Figure b- Percentage of alerts overridden stratified by type of alert and month during 

2016 in the inpatient department. 
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Figure c- Percentage of alerts overridden stratified by type of alert and month during 

2017 in the inpatient department. 
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Figure d- Percentage of alerts overridden stratified by type of alert and month during 

2015 in the outpatient department. 
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Figure e- Percentage of alerts overridden stratified by type of alert and month during 

2016 in the outpatient department. 
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Figure f- Percentage of alerts overridden stratified by type of alert and month during 

2017 in the outpatient department. 
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Appendix Q: Reasons for alerts overridden stratified by setting and year. 

Figure a- Reasons for alerts overridden in the outpatient department in 2015 
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Figure b- Reasons for alerts overridden in the outpatient department in 2016 
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Figure c- Reasons for alerts overridden in the outpatient department in 2017 
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Figure d- Reasons for alerts overridden in the inpatient department in 2015 
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Figure e- Reasons for alerts overridden in the inpatient department in 2016 
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Figure f- Reasons for alerts overridden in the inpatient department in 2017 
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Appendix R: The symbols of the names of the inpatient wards and the outpatient clinics at both 
hospitals 

 R-1: The symbols of the names of the inpatient wards and their meaning. 

Both hospitals start with K (for the word king), the second letter represents the name 

of the king, either Khalid or Abdulaziz, the symbols include the first letter to mean 

either hospital (K or A), which ward number, section A or B and followed by the 

specialty. 

For example: K W- 15B Gynae 
K= King Khalid University Hospital (KKUH) 

W= Ward 

A=King Abdulaziz University Hospital (KAUH) 

15= ward number (usually the first digit represents the floor. Therefore, this is the 

first floor, ward 5, call ward 15). In KSA, zero represents the ground floor. 

B= each ward has two parts or sections, A and B 

Gynae= the specialty 

Name of inpatient ward as appears 
in report 

Ward name meaning 

K W-15B Gynae KKUH ward 15 section B Gynaecology ward 

K W-23 F MED 
KKUH ward number 23 Female medicine ward 

In this ward are rheumatology, general medicine patients 

K W-31B RDU KKUH ward 31 section B Renal dialysis unit 

K W-31B PRDU KKUH ward 31 section B Paediatric Renal dialysis unit 

K Paediatric ED Hold KKUH paediatric emergency department hold 

K W-52 F Surg KKUH ward 52 Female Surgery 

K W-35 BC KKUH ward 35 Breast cancer 

K W-21A CVD Sur KKUH ward 21 section A cardiovascular surgery 

K W-39 M Surg KKUH ward 39 Male surgery 

K W-43 Female Peds Ortho KKUH ward 43 female paediatric orthopedic 

K W-33 M MED KKUH ward 33 male medicine ward 

K W-11B Ped KKUH ward 11 section B paediatrics 

K W-36 M/F Surg KKUH ward 36 both male and female surgical 

K W-52 F Surg KKUH ward 52 female surgery 

K W-33 M MED KKUH ward 33 male medicine 
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Name of inpatient ward as appears 
in report 

Ward name meaning 

K W-51 F Gen Surg  KKUH ward 51 female general surgery 

K W-02 M Psych  KKUH ward 2 male psychiatry 

K W-11A Ped  KKUH ward 11 section A paediatrics 

K W-14A PN KKUH ward 14 section A paediatrics nutrition 

K W-42 Academic Staff KKUH ward 42 academic staff 

K W-23 F MED KKUH ward 23 female medicine ward 

K W-11-PISO KKUH ward paediatric isolation 

K W-38 M Surg KKUH ward 38 male general surgery 

K PICU KKUH paediatric intensive care unit 

K W-12B POU KKUH Ward 12 B Paediatric Oncology Unit 

K W-01 F Psych KKUH ward one female Psychiatry 

K W-32 M MED KKUH ward 32 male medicine 

K W-12A NICU KKUH ward 12 section A. Neonatal intensive care unit 

K W-13 ANT KKUH ward 13 antenatal ward (before delivery) 

K W-11B PPDDU KKUH Ward 11 B Paediatric Peritoneal Day Dialysis Unit 

K W-37 M GS KKUH ward 37 male general surgery 

K Adult ED Hold KKUH adult emergency department holding 

K CCU KKUH critical care unit 

K CICU KKUH cardiac intensive care unit 

K SICU KKUH surgical intensive care unit 

K ED KKUH emergency department 

K IV IU KKUH Intravenous Isolation Unit. 

K PICU KKUH Paediatric intensive care unit 

KMICU KKUH medical intensive care unit 

K ED Pediatric KKUH emergency department pediatric 

K W-31A Short Stay KKUH ward 31 section A short stay 

D Ward F KKUH Dental Ward Female 

A Day Surgery KAUH day surgery 

AESP KAUH Emergency  

A W-5B KAUH ward 5 section B 

A W-6A KAUH ward 6 section A 

A W-6B KAUH ward 6 section B 

A W-7A KAUH ward 7 section A 

A W-7B KAUH ward 7 section B 
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Appendix R-2: The symbols of the names of the outpatient clinics and their meaning 

Name of outpatient clinic as 
appears in report 

Clinic name meaning 

A Admission ENT  KAUH admission Ear Nose Throat clinic 

A Antenatal  KAUH antenatal clinic 

A Audiology KAUH Audiology clinic 

A Cardiology KAUH cardiology clinic 

A Cardio-Vascu. KAUH cardiovascular clinic 

A CSDU  KAUH critical  

A Day Surgery KAUH Day surgery clinic  

A Dental KAUH Dental clinic 

A Diabetic Center KAUH Diabetic center clinics 

A Endoscopy PCC KAUH Endoscopy primary care clinic 

A ENT Clinic B3 KAUH Ear nose and throat clinic B3 

A ENT PCC KAUH Ear nose and throat primary Care clinic 

A G-Endo Clinic KAUH Gastric-Endoscopy clinic 

A Lab KAUH Laboratory 

A Nephro Clinic KAUH Nephrology clinic 

A OB/GYN KAUH Obstetrics/Gynecology 

A Optha PCC KAUH Ophthalmology primary care clinic 

A Optha B1 KAUH Ophthalmology B1 

A PCC KAUH Primary care clinic 

A Paediatric PCC KAUH Paediatric primary care clinic 

A Pre-Hospital  KAUH Pre-hospital 

A Rehab KAUH Rehabilitation 

A Surg Minor Clinic KAUH Minor surgery Clinic 

K ACU-IVF KKUH Assisted conception unit- Invitro fertilisation 

K AS/BC KKUH Ambulatory surgery clinic 

K Clin Physio KKUH physiotherapy clinic 

K Dental Clinic KKUH Khalid Dental clinic 

K Endo Clinic KKUH endocrinology clinic 

K ENT Clinic KKUH Ear nose and throat clinic  

K F PCC KKUH female primary care clinic 
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Name of outpatient clinic as 
appears in report 

Clinic name meaning 

K Fac Housing KKUH faculty housing 

K KSU Staff KKUH KSU staff clinic 

K KSU VIP  KKUH KSU faculty clinic 

K Lab KKUH Laboratory 

K M PCC KKUH Male primary care clinic 

K MED Clinic  KKUH Medicine clinic 

K OB/Gyne KKUH Obstetrics/Gynecology 

K OBG Colpscopy KKUH Obstetrics/Gynecology Colpscopy 

K OBG Ultrsound KKUH Obstetrics/Gynecology Ultrasound 

K Optho Clinic KKUH Opthamology clinic 

K Ortho Clinic KKUH Orthopedic clinic 

K Ped Clinic KKUH Paediatric clinic 

K Psy KKUH Psychiatry clinic 

K Rehab KKUH Rehabilitation clinic 

K SDC KKUH Specialised diabetic clinic 

K SUR Clinic  KKUH Surgery clinic 

K Ultrasound KKUH Ultrasound 

K W-25 MODC AMB KKUH Ward 25 Medical Oncology Day Clinic 

Ambulatory  

K W-31B PDDC- Adult KKUH Ward 31 B Peritoneal day dialysis unit- Adult 
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Appendix S-1: King Saud University Institutional Review approval letter for interview study on 
physicians’ perceptions 

 



365 
 

Appendix S-2: King Saud University Institutional Review renewal approval letter for interview 
study on physicians’ perceptions 
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Appendix T: Characteristics of interview participants 
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KAUH 

001 
 

F 
India 

2007 
11 7 4 India Outpt. Consultant Family medicine 35 

100-

125 
25 41:59 

KAUH 
002 

 

F 

 

Syria 

1998 
20 17 3.5 Syria Outpt. 

Resident 

(Specialist 

in house 
officer) 

Internal medicine 30 to 35 
90 to 

125 
18 to 25 29:17 

KAUH 

003 

 

F 
 

Egypt 
1982 

36 33 3.5 Egypt Outpt. 

Resident 

(Specialist 
in house 

officer) 

Internal medicine 35-40 70-90 14-18 16:56 

KAUH 
004 

 

F 

 

Egypt 

1986 
32 29 3.5 Egypt Outpt. 

In house 

officer 

General 

Practitioner 
20-25 95-100 19-20 19:23 

KAUH 

KKUH 
M 

KSA 

2002 
16 3 

13 

mix 
Canada Outpt Consultant 

Endocrine, 

Diabetes 
8 20 10 21:52 
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KKUH 

001 
 

M 
KSA 

2007 
11 6 5 Australia Outpt. Consultant 

Endocrine, 

Diabetes 
10 to 12 60 20 34:27 

KKUH 

002 
 

M 

Egypt 

2003 
 

14 5 9 France 
Outpt. and 

Inpt 
Consultant 

Oncology, Breast 

cancer 
9 to 12 50 10 38:40 

KKUH 

003 

 

F 
 

KSA 
1985 

33 30 3 KSA  Outpt. Consultant Paediatrics  40 varies varies 20:46 

KKUH 

004 
 

F 

 

Pakistan 

2005 
13 10 3.5 UK Outpt. Consultant 

Cardiology, 

cardio physiology 
15-20 60-70 

10 to 12 

four times 

a week, 
20 once a 

week 

43:11 

KKUH 

005 

 

F 
 

KSA 
2010 

8 6 2 KSA Outpt. 

Resident 

(Specialist 
in house 

officer) 

Dermatology 15-20 45-90 15-30 33:21 
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KKUH 

006 
 

M 
KSA 

2009 
10 6 4 KSA Inpt,  Consultant 

Surgeon, trauma 

and critical care 
5-10 50-90 18 to 20 14:50 

KKUH 
007 

M 
KSA 
2005 

13 10 3.5 Canada 
Inpt and 
Outpt 

Consultant Rheumatology 5-10 20-30 8 to 10 25:37 

KKUH 

008 
M 

KSA 

1996 
22 20 2 KSA Outpt Consultant Family physician 5-10 20 5 to 10 51:52 

KKUH 

009 
M 

KSA 

2009 
8 4 4 KSA 

Inpt, ICU 

critical 
care 

Fellow 
Surgeon, Trauma 

and critical care 
5-10 15-75 15-25 38:33 

KKUH 

010 

F 

 

KSA 

2007 
12 6 6 Canada 

Inpt and 

Outpt 
Consultant 

Endocrinology 

Diabetes 
20-30 10-20 3 to 4 37:30 

KKUH 

011 

 

M 

Northern 

Ireland 

2013 

3 1 2 
KSA 
 

Inpt,  

outpt. 

ER 

Resident 

(Specialist 
in house 

officer) 

Ob-Gyn 20-25 75-100 15-30 58:25 
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KKUH 

012 

 

M 
KSA 
2004 

15 13 2 Canada 

Inpt, 

Outpt 
Operate 

theatre  

Consultant 
Cardiology, 
Aortic surgery 

10-15 10 2 22:27 

KKUH 

013 

 

F 
 

Philippines 
2003 

14 11 3.5 Philippines PICU Consultant 
Paediatric 
intensive care 

10-20 50-75 

15-25 
depends 

on PICU 

occupied 
beds 

30:35 

KKUH 

014 

 

M 
KSA 
2002 

16 3 13 Canada Inpt, Outpt Consultant Rheumatology 10-20 45 8 to 12 35:58 

KKUH 

015 
 

M 
KSA 

2007 
11 7.5 3.5 

KSA 

 
PICU 

Senior 

registrar 

Paediatric 

intensive care 
10-20 35-60 

7-12 

depends 

on PICU 
occupied 

beds. 

30:33 
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KKUH 

016 
M 

Sudan 

1998 
20 

16.

5 
3.5 UK 

Inpt. and 

Outpt. 
Consultant Psychiatry 10-20 20-30 4-5 60:05 

KKUH 

017 

 

F 
 

Egypt 
2006 

12 9 3.5 Egypt Outpt. Fellow 
PCC family 
physician 

40 100 18-25 24:02 

KKUH 
018 

 

F 

 

KSA 

2003 
14 11 3.5 

KSA 

 
Outpt. Consultant 

PCC family 

physician 
10-20 40-50 8-10 16:42 

KKUH 
019 

 

M 
KSA 

2004 

13.

5 
10 3.5 UK 

Outpt. and 

Comm. 
Consultant Geriatrician 10-20 40 10 to 15 34:05 

KKUH 
020 

 

F 

 

KSA 

2002 
12 3 9 Canada Outpt. Consultant 

Women’s sexual 

health 
5-10 30-35 10 to 12  31:07 

KAUH- King Abdulaziz University Hospital, KKUH-King Khalid University Hospital, F-Female, M- Male, Inpt- Inpatient,  Outpt-Outpatient, ER- Emergency, Comm-community, 

PCC – Primary care clinic, EP-Electrophysiology, Ob-Gyn- Obstetrics and Gynaecology, KSA-Kingdom of Saudi Arabia   
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Appendix U:  Themes and codes emergent upon analysis from the qualitative interviews on the 
perceptions of prescribers towards utilisation of computerised physician order entry and clinical 
decision support system. 

Themes Subthemes Codes 
C

om
pa

ris
on

 o
f C

PO
E 

w
ith

 p
ap

er
- b

as
ed

 p
re

sc
rib

in
g 

Advantages of computer-based 

prescribing 

Appearance of alerts 

Choices and suggestions of drugs or 

dosages are displayed 

Clarity of the order 

No mistaken decimals or doses 

Deciphering handwriting is not an issue 

Deciphering spelling is not an issue 

Spelling of medication during prescribing      

is not an issue 

Documentation 

Easier to use 

Less handwriting 

Helps calculation of dose of paediatric 

patients according to their weight 

Increase convenience and organisation 

Accuracy of medication reconciliation of 

previous and current medications 

Password protected access 

Patients cannot lose prescription 

Physicians can see if the medication 

order was viewed by the nurse or 

pharmacist 

Rapid feedback on medication orders 

from the pharmacy 

Re-prescribing is facilitated 

Saves time 

Comparing safety of CPOE with 

paper-based prescribing by 

exploring where there are less 

errors 

There are less errors with CPOE 

Disadvantages of CPOE Attention diverted from patients to the 

computer screen and ESiHi instead 
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Themes Subthemes Codes 
Copy and paste patient information 

without thinking in depth 

Facing the computer screen for long 

periods of time, impact of eyesight 

For medication that is given more than 

one time daily; administration time is an 

issue (inpatient setting). 

Less communication with the pharmacist 

CPOE has many functions some 

physicians are not familiar with 

Not all medications a physician would 

want to prescribe for a patient are 

available in the system 

Older generation of physicians do not like 

CPOE. Younger generation are viewed to 

be more computer literate. 

Peripheral devices in some areas of the 

inpatient setting (in some wards and at 

patients’ bedside). 

Reliance on internet connection, 

sometimes internet connection is slow or 

fails especially during peak hours. 

Senior members of the teams spend time 

teaching other newer members how to 

use CPOE 

Theft or hacking of confidential patient 

data viable 

Time consuming 

Pr
oc

es
se

s 
un

de
rt

ak
en

 
by

 p
hy

si
ci

an
s 

to
 

pr
es

cr
ib

e 
m

ed
ic

at
io

ns
 

us
in

g 
CP

O
E  

Distrust of information provided 

by the system 

The need to check resources for clinically 

oriented medication information other 

than  

Processes used to order 

medications 

Entering diagnosis of patient for each 

medication during prescribing 

medications for the same patient 

Working around system Steps to work around the system  
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Themes Subthemes Codes 

C
om

pa
ris

on
 

of
 

cu
rr

en
t 

co
m

pu
te

ris
ed

 
ph

ys
ic

ia
n 

or
de

r e
nt

ry
 s

ys
te

m
 w

ith
  a

no
th

er
 s

ys
te

m
 e

ls
ew

he
re

 

Current system did not compare 

favourably to CPOE system 

used during experience 

practising out of KSA 

“system in KSUMC not as intuitive” (direct 

participant quote) 

Drawing graphs and other diagrams was 

possible with use of CPOE elsewhere, it 

is currently an unavailable option on 

CPOE system at KUMC 

The need to sign when each medication 

is prescribed for a patient. For example, if 

a physician wants to prescribe five 

medications for the same patient, the 

prompt to enter electronic signature 

appears for confirmation of each 

medication.  

U
si

ng
 c

lin
ic

al
 d

ec
is

io
n 

su
pp

or
t 

Alerts handling Accept and override what percent of 

alerts 

Alerts acceptance 

Alerts overrides 

Behaviour has become less vigilant 

regarding reading alerts as time has gone 

by 

Advantages of medication-

related alerts 

Compared CDSS alerts to advice given 

by clinical pharmacist. 

Prompted to enter the medicine indication 

for the patient upon prescribing 

Urge you to read and be more careful 

next time prescribing this medication. 

Disadvantages of medication- 

related alerts 

Annoying 

Irrelevant 

Just click to clear the pop-up message 

Low risk interactions give many alerts 

Not sensitive enough for the paediatric 

population 
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Themes Subthemes Codes 
Theoretically true but not relevant to 

clinical practice 

There are too many 

It is a waste of time 

Effectiveness of dose range 

alerts 

Effective and relevant to practice 

Not useful in clinical practice 

Notice that alerts have increased 

Entering reasons for overriding 

alerts 

Relevance to practice not clear 

Waste of time 

Adding an option (a reason for overriding 

the alert) that the patient is not on this 

medication anymore 

Significant alerts Drug duplicate alerts 

Drug interaction alerts 

Drug allergy alerts 

B
ui

ld
in

g 
fa

m
ili

ar
ity

 w
ith

 th
e 

sy
st

em
 

Familiarity with system 

developed over time 

Time to get used to the system reportedly 

ranged from a few months up to one year 

Those nurses/physicians with more 

experience using the system helped other 

members of the health care team with 

less experience using CPOE 

Initially delays in placing medication 

prescriptions led to some conflict between 

nurses and physicians on the ward 

Ef
fo

rt
 p

re
sc

rib
in

g 
m

ed
ic

at
io

ns
 b

y 
co

m
pu

te
r  

Comparing efforts in use of 

CPOE of to prescribe 

medications with efforts using 

paper-based prescribing. 

It is more effort with CPOE and paper-

based was faster. 

The effort to learn how use CPOE, and 

time consumed in prescribing by CPOE is 

worthwhile. 

Po
lic

y 
 

is
su

es
 

br
ou

gh
t 

up
 

Existing policies regarding 

prescribing medication 

The requirement to write the diagnosis 
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Themes Subthemes Codes 
Policies introduced since 2015 

regarding CPOE 

Some policies are in mandated by the 

MOH on healthcare establishments in 

KSA regardless of the method of 

prescribing; for example, the requirement 

of dispensing antibiotics by prescription 

only, and certain antibiotics  

Physicians view these policies as being 

because of CPOE when in fact they are 

related to prescribing 

Su
gg

es
tio

ns
 to

 im
pr

ov
e 

th
e 

us
e 

of
 c

om
pu

te
ris

ed
 p

hy
si

ci
an

 o
rd

er
 e

nt
ry

 to
 p

re
sc

rib
e 

m
ed

ic
at

io
ns

 

Additional features Alerts for teratogenicity of medications 

Provision of suggestions of medications 

to prescribe according to patient’s age, 

indication, and concurrent medications, 

and what is available in stock 

Integration of guidelines for specific 

departments for safer prescribing 

Nurse privileges to renew order of 

analgesics, or IV fluids administration 

Facilitated customisation of IV  

Reminders for laboratory tests before re-

prescribing some medications  

Involves physicians during the design and 

the development of the system  

Make it touchscreen compatible 

Update medication administration 

dosages for dose range alerts 

Visible to physicians the availability of 

medication in stock; for example if a 

certain medication dosage strength or 

dosage form is available.  

If it is not available, a special colour can 

appear (physicians suggested red). 

If it is available, a special colour can 

appear (physicians suggested green). 
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Themes Subthemes Codes 
Make different levels of alerts Some drug interactions are more clinically 

significant that others and can be 

assigned different colours. For example, 

the more severe interactions can be 

assigned a red colour, with or without 

flashing effect to signify danger. 

Tailor alerts’ appearance with the level of 

the practitioner 

Enhanced user friendliness Make the system easier to use and more 

practical 

Connect the system of KSUMC to other 

hospitals in KSA 

System searchable by generic or 

tradename of the medication 

Increased feasibility of 

communication 

Increased communication with IT 

personnel 

Increased communication with healthcare 

practitioners 

Interactive or live chat feature available to 

enable communication with pharmacist to 

answer medication related questions 

Mandatory aspects Some aspects are currently mandatory, 

but suggest they no longer are 

Some aspects are mandatory but 

suggested to not be 

Monitoring staff utilisation and 

giving feedback 

The reasons of alerts overrides, the most 

commonly overridden alerts, and on alert 

handling behaviour in general. Feedback 

was mentioned as an incentive to persist 

with vigilant alert handling practises. 

C
on

tin
uo

us
 

tr
ai

ni
ng

 a
nd

 
up

da
tin

g 
ph

ys
ic

ia
ns

 o
n 

th
e 

sy
st

em
 

Methods of updating staff and 

continually training them 

A demonstration video for physicians to 

watch 

Sending written updates through emails 

or newsletters was generally viewed as 

ineffective method 
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Themes Subthemes Codes 
 Pop ups when the physicians log in the 

system, preventing moving onto 

conduction of work until the video is 

viewed or the text is read and 

acknowledged by answering a few 

questions 

Sending to physicians through ‘What’s 

App’, the phone would be checked rather 

than email 

Methods to encourage 

physicians to attend 

Mandate training 

Make more than one session 

Suggestions to improve training Tailor training according to physician 

specialty 

Training received at beginning of 

implementation and 

employment 

Was generally viewed as not useful 

CPOE= Computerised physician order entry KSA= Kingdom of Saudi Arabia CDSS= Clinical decision support system 

I.V=Intravenous  KSUMC= King Saud University Medical City 
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Appendix V: Participant invitation sheets and consent forms for interview study to explore 
prescribers’ perceptions towards utilisation of computerised physician order entry and reasons 

for overriding and accepting alerts. 

Appendix V-1: Participant invitation sheet English for interview study to explore prescribers’ 
perceptions towards utilisation of computerised physician order entry and reasons for overriding 

and accepting alerts. 
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Appendix V-2: Participant invitation sheet Arabic for interview study to explore prescribers’ 
perceptions towards utilisation of computerised physician order entry and reasons for overriding 

and accepting alerts. 
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Appendix V-3: Participant information sheet English version for interview study to explore 
prescribers’ perceptions towards utilisation of computerised physician order entry and reasons 

for overriding and accepting alerts. 
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Appendix V-4: Participant information sheet Arabic version for interview study to explore 
prescribers’ perceptions towards utilisation of computerised physician order entry and reasons 

for overriding and accepting alerts 
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Appendix V-5 Consent form English version for interview study to explore prescribers’ 
perceptions towards utilisation of computerised physician order entry and reasons for overriding 

and accepting alerts 
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Appendix V-6: Consent form English version of King Saud University Institutional Review Board 
for the interview study 
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Appendix V-7: Consent form Arabic version of King Saud University Institutional Review Board for 
interview study to explore prescribers’ perceptions towards utilisation of computerised physician 

order entry and reasons for overriding and accepting alerts 
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Appendix W: Participant invitation sheets and consent forms for the observational study on 
prescribers’ interactions with medication alerts at the point of prescribing on a computerised 

physician order entry system 

 Appendix W-1: Participant invitation sheet English for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician order 

entry system 
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Appendix W-2 Participant invitation sheet Arabic for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician order 

entry system 
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Appendix W-3: Participant information sheet English for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician order 

entry system 
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Appendix W-4: Participant information sheet Arabic for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician order 

entry system 

 



396 

 

 



397 
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Appendix W-5: Consent form English version for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician order 

entry system 
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Appendix W-6:  Consent form Arabic version for the observational study on prescribers’ 
interactions with medication alerts at the point of prescribing on a computerised physician 

order entry system 
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Appendix W-7: Consent form English version for King Saud University Institutional Review Board 
for the observational study on prescribers’ interactions with medication alerts at the point of 

prescribing on a computerised physician order entry system 
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Appendix W-8 Consent form Arabic version for King Saud University Institutional Review Board 
for the observational study on prescribers’ interactions with medication alerts at the point of 

prescribing on a computerised physician order entry system 
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Appendix X-1: King Saud University Institutional Review Board approval for observational study 
on prescribers’ interactions with medication alerts at the point of prescribing on a computerised 

physician order entry system 
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Appendix X-2: University College London Research Ethics Committee conditional approval for 
observational study on prescribers’ interactions with medication alerts at the point of prescribing 

on a computerised physician order entry system 
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Appendix X-3: King Saud University Institutional Review Board approval of amendments for 
observational study on prescribers’ interactions with medication alerts at the point of prescribing 

on a computerised physician order entry system 
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Appendix Y Data collection sheets for the observational study on prescribers’ interactions with 
medication alerts at the point of prescribing on a computerised physician order entry system 

 

Appendix Y-1 Data collection sheet for observation site information  

 

Description of setting 

The site  

Its size  

General description; is it a 

ward? A clinic? 

 

Specialty  

How many patients does it 

provide care for on an average 

day? 

 

 

Number of health care 

practitioners on site 
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Appendix Y-2 Data collection sheet for observations at point of prescribing medication  

 

P
a
ti
e
n
t 
(n

o
 i
d
e
n
ti
fi
c
a
ti
o
n
 n

u
m

b
e
rs

, 

ju
s
t 
s
e
ri
a
l 
1
,2

,3
,4

 e
tc

) 

W
h
a
t 
m

e
d
ic

a
ti
o
n
 i
s
 o

rd
e
re

d
 

If
 m

o
re

 t
h
a
n
 o

n
e
 m

e
d
ic

a
ti
o
n
 i
s
 

o
rd

e
re

d
, 
o
b
s
e
rv

e
 f
o
r 

e
a
c
h
 

m
e
d
ic

a
ti
o
n
 

A
le

rt
 t
y
p
e
 t
h
a
t 
p
o
p
s
 u

p
 

H
o
w

 m
u
c
h
 t
im

e
 d

o
e
s
 t
h
e
 p

h
y
s
ic

ia
n
 

n
e
e
d
 t
o
 d

e
c
id

e
 w

h
e
th

e
r 

to
 o

v
e
rr

id
e
 

th
e
 a

le
rt

; 
o
r 

to
 g

o
 b

a
c
k
 a

n
d
 a

lt
e
r 

th
e
 

o
rd

e
r 

(a
c
c
e
p
ti
n
g
 t
h
e
 a

le
rt

?
)  

 

H
o
w

 d
o
e
s
 p

h
y
s
ic

ia
n
 d

e
a
l 
w

it
h
 e

a
c
h
 

p
o
p
p
e
d
 u

p
 a

le
rt

 

Is
 t
h
e
 n

u
rs

e
 i
s
 i
n
v
o
lv

e
d
 d

u
ri
n
g
 t
h
e
 

m
e
d
ic

a
ti
o
n
 o

rd
e
ri
n
g
 p

ro
c
e
s
s
?
 I
f 
s
o
 

h
o
w

?
  

A
n
y
 a

d
d
it
io

n
a
l 
n
o
te

s
 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

      

 

 

 

 

 

 

      

 

 

 

 



410 

 

 

Appendix Z: Publication and conference abstracts during this PhD 

Work during this PhD was presented as presentation and displayed as poster 

abstracts in conferences and one peer-reviewed paper was published. 

2017: 

In April: 

Poster title: Systematic review of the safety of medication use in inpatient, outpatient 

and primary care settings in the Gulf Cooperation Council countries. 

Poster authors: Jamilah Alsaidan, Jane Portlock, Hisham Aljadhey, Nada Atef 

Shebl, Bryony Dean Franklin.  

Displayed at: The International Forum on patient safety and quality in healthcare, 

London, United Kingdom; April 26-28, 2017. 

 

2018: 

In February: 

Poster title: Utilisation of computerised physician prescription order entry and clinical 

decision support system alerts management in a Saudi Arabian hospital. 

Poster authors: Jamilah Alsaidan, Tariq Alhawassi, Jane Portlock, Hisham Aljadhey, 

Bryony Dean Franklin. 

Displayed at: Saudi International Pharmaceutical Science meeting and workshops 

(SIPHA), in Riyadh, Kingdom of Saudi Arabia; February 18-20, 2018. 

Displayed by: Jamilah Ahmad Alsaidan 

In June: 

Poster title: Use of computerised prescriber order entry and clinical decision support 

system alerts in a Saudi Arabian hospital  

Poster authors: Jamilah Alsaidan, Tariq Alhawassi, Jane Portlock, Hisham Aljadhey, 

Bryony Dean Franklin. 

Displayed by: Professor Bryony Dean Franklin 



411 

 

Displayed at: NHS England Global Digital Exemplar medicines optimisation learning 

network event, in partnership with the third UCL/Cerner ePMA symposium: London 

United Kingdom, 27 June 2018. 

In November: 

Published peer reviewed paper 
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