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Objectives: (1) to assess whether computer simulation modeling or process modeling 

have improved medication management systems, including informing the design of e-

prescribing systems for Canada, and (2) to build and validate a workflow diagram of the 

handwritten medication management process in the community setting for Canada and 

use it to obtain feedback from stakeholders. 

Methods: A systematic review was conducted to assess whether the modeling techniques 

have improved medication management systems. A workflow diagram was developed 

and used to obtain feedback from stakeholders as to where problems exist in the current 

paper-based process and where information technology might be of help. Analyses were 

descriptive and qualitative.  

Results: The systematic review identified 13,376 citations, 8 of which were included in 

the full data extraction.  The review revealed that simulation models of e-prescribing 

systems have been developed, but their accuracy and usefulness has not been established. 

One process model had been used to analyze a Canadian medication management system, 

but no evidence was found that process models had any positive impact on e-prescribing 

development in Canada.  

Fifteen stakeholders, including 5 physicians, 5 pharmacists, and 5 members of the public 

provided feedback using the workflow diagram. All stakeholders agreed that the diagram 

was a realistic representation of the actual handwritten medication management process, 

suggesting face validity. The majority of stakeholders identified the most problematic 
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processes as generating the prescription by the physician (9/15 (60.0%)) and drug 

checking by the physician (6/15 (40.0%)).  

Conclusions: There is a lack of published evidence on simulation models and process 

models, and the studies that exist do not suggest any benefit in informing e-prescribing 

design. We developed and established face validity for a workflow diagram of the paper-

based medication management cascade. Stakeholders believed that generating the 

prescription and drug checking by the physician could be improved by e-prescribing.  
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 All members of my thesis committee (Dr. Anne Holbrook, Dr. Ann McKibbon, 

James Bowen, and Dr. Karim Keshavjee) assisted in deciding the topic and the scope of 

my thesis. 

I prepared search strategies for the systematic review with the assistance of 

Kaitryn Campbell.  Search strategies were peer-reviewed by members of my thesis 

committee to ensure completeness.  I searched electronic databases and the grey 

literature.  I screened studies based on title, abstract, and full text.  A second reviewer, 

Jason Lam, screened a sample of studies by abstract and full text.  I completed data 

extraction for all included studies.  The second reviewer, Jason Lam, completed data 

extraction for a sample of the included studies.  I analyzed the results from the systematic 

review and wrote the systematic review. My supervisor, Dr. Anne Holbrook, provided me 

with advice on methodology, feedback and assisted with multiple edits of the systematic 

review. 

 I built the workflow diagrams in PowerPoint and Arena.  My primary sources of 

information for building the models were Dr. Karim Keshavjee and Dr. Anne Holbrook, 

both very experienced e-health and prescribing researchers.  Dr. Keshavjee and I 

developed criteria for evaluating modeling software and each of us evaluated 10 modeling 

software products.  Dr. Keshavjee also assisted in arranging interviews with stakeholders.  

All members of my thesis committee and myself developed the questionnaire to be used 

for stakeholder feedback.  I interviewed all 15 stakeholders and collected data from each 
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interview.  The data that were collected included (a) paper versions of the workflow 

diagrams with the ratings of each stakeholder, and (b) the audio recordings of the 

interviews.  I analyzed the data from the interviews by tabulating the results from the 

ratings of stakeholders and presenting the results in a table.  I transcribed all interviews, 

coded verbalizations from the interviews, and tabulated the verbalizations.  I also selected 

quotations from the interviews to include in the paper.  All members of my thesis 

committee advised me on the best approach for analyzing the data obtained from 

stakeholders.  I analyzed the data from stakeholders and drafted the workflow diagram 

paper.  Dr. Anne Holbrook advised on methodology, provided me with regular feedback 

and assisted with multiple edits of the workflow diagram paper.   
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 The traditional outpatient medication management process consists of two primary 

phases, drug prescribing followed by the dispensing of the medication. The handwritten 

medication management process usually involves a physician writing out a prescription 

by hand, giving the prescription to the patient, who then takes it to a pharmacy for it to be 

reviewed, entered into the pharmacy computer system and dispensed by the pharmacy 

technicians and pharmacists.  The complete medication management process includes 

prescribing, transmission, dispensing, counseling, administering (for the inpatient 

setting), and monitoring (Bell et al., 2004). Medication errors and adverse drug events 

(ADEs) have been associated with the medication management process (Kohn et al., 

1999). Medication errors are defined as errors that occur at the different stages of the 

medication management process (Kaushal et al., 2001). ADEs are defined as drug-related 

injuries that result from medical interventions (Bates et al., 1995).  Preventable adverse 

drug events (pADEs) are defined as ADEs that are attributed to medication errors 

(Thomsen et al., 2007).  

A systematic review examining the types of medication errors that caused pADEs 

found that 64.7% of the reported pADEs originated from errors in the drug prescribing 

phase (Thomsen et al., 2007). Other research has also found the most common source of 

ADEs to be prescribing errors (Koppel et al., 2005).  Research in the hospital setting has 

found that although errors that result in pADEs occur at various stages of the medication 
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management process, they are most frequent (56%) in the ordering phase (Bates et al., 

1995). This could be the case simply because the prescribing phase has been studied more 

than the other phases of medication management (McKibbon et al., 2011). A 

comprehensive systematic review on medication management found that of the 428 

studies included in the review, 174 studied the prescribing phase while only 9 studied the 

dispensing phase (McKibbon et al., 2011). Thus, errors and ADEs occurring at other 

phases of medication management are likely going undetected.  
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 Because of the errors and ADEs associated with the paper-based medication 

management process, solutions have been proposed that involve the use of information 

technology (Aspden et al., 2007).  Electronic prescribing (e-prescribing) is a technology 

that would make the medication management process electronic (Cusack, 2008), and has 

been proposed to eliminate or reduce the errors and ADEs found in the paper-based 

medication management process (Aspden et al., 2007).  
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 Canada Health Infoway (CHI) has a goal of implementing a national electronic 

health record (EHR) system by 2016. A key component of the national EHR system 

proposed by CHI is a drug information system (DIS) that would allow for a patient’s 

medication profile to be viewed online by physicians and pharmacists, decision support 

for drug checking, prescriptions to be generated electronically and sent electronically to a 
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pharmacy of the patient’s choosing, and integration between the DIS and electronic 

medical records (EMRs) and the DIS and pharmacy information systems (Canada Health 

Infoway, 2010).  CHI has called this future DIS the Generation 3 Drug Information 

System (Canada Health Infoway, 2010). As this system does not yet exist, CHI has 

claimed several benefits from Generation 2 DISs, which CHI classifies as systems that 

allow for a patient’s electronic medication profile to be viewed locally by physicians or 

pharmacists and/or systems that allow for drug interaction checking to be performed 

locally by either physicians or pharmacists (Canada Health Infoway, 2010). The benefits 

claimed by CHI include an increase in provider productivity, a reduction in ADEs, and 

improved patient compliance (Canada Health Infoway, 2010).  However, the evidence of 

actual benefit is not clear, as estimations from evaluation studies, interviews, the literature 

and surveys were used to determine benefit. Furthermore, these claimed benefits are 

being attributed to systems that do not have DISs and are not complete e-prescribing 

systems, as the electronic transmission of prescriptions to community pharmacies and 

integration between EMRs, pharmacy information systems and DISs are not currently in 

place. 

=9'-42.-)&-'$*'.!$-'*)'-<6%-#&%2"2)/''
 

  A major issue for e-prescribing is the lack of evidence of important clinical 

benefit. Research to date suggests that the benefits of e-prescribing have been minor and 

that studies are usually of poor quality (Eslami et al., 2008; Reckmann et al., 2009; 

Ammenwerth et al., 2008), systems have introduced new types of errors and problems 
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(Reckmann et al., 2009; Eslami et al., 2007), and that further research is needed to 

demonstrate the benefits of e-prescribing (Wolfstadt et al., 2008). Furthermore, 

unintended consequences typically emerge after implementing medication management 

information technologies (McKibbon et al., 2011). Research examining these unintended 

consequences has found that they can be major, some are considered to be positive while 

others are clearly negative consequences, including the introduction of new types of 

errors, decline in workflow efficiency, alert fatigue, and the system not being flexible 

(McKibbon et al., 2011). Analyzing existing workflow patterns before implementing an 

e-prescribing system may help with implementation of the system (Johnson & FitzHenry, 

2006).   
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Before an e-prescribing system can be implemented and replace the paper-based 

system in Canada, an analysis of the entire paper-based medication management process 

and its shortfalls is required.  One of the main components of this research is to explore 

the use of computer simulation modeling and process modeling in analyzing medication 

management systems. Computer simulation modeling uses a computerized model to 

attempt to imitate the behaviour of the real system from which it is derived and the 

model’s potential response to intervention (Lepley, 2001; van Sambeek et al., 2010; 

Kelton et al., 2010). It is a method of analysis that is especially useful when other 

methods of analysis using the real-life system are too expensive, difficult, or not possible 

to perform (Lepley, 2001; Kelton et al., 2010). Simulation modeling can be used to 
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measure the performance of real-life systems and makes it possible to determine what 

improvements, if any, need to be made to the system (Mo & Mahmoudi, 2008).  

Simulation modeling can also be used to model systems that do not yet exist and makes it 

possible to design a system and measure how a system might perform before the system 

is actually built (Mo & Mahmoudi, 2008).  Other reasons why simulation models are used 

include testing proposed changes to a system without actually having to make actual 

changes to the system; reconstructing certain parts of a system so that it can be analyzed 

in detail to determine why the system performs the way that it does; determining 

bottlenecks in the system and diagnosing any problems; and helping in the understanding 

of how a system really works (Banks, 1999). The first component of the thesis aimed to 

determine from the literature whether any computer simulation models of e-prescribing 

systems have been developed, and if there was evidence that they were helpful in design 

or enhancement of systems.  The results could guide future research on developing a 

computer simulation model of an e-prescribing system for Canada and could help to 

determine whether there is any benefit to exploring this area of research.   
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Process of workflow modeling is a technique used to visually display the 

operations of an organization or a system (Bandara et al., 2005).  Process modeling is 

used to represent entities and activities while showing the relationships between them 

(Bandara et al., 2005). Process modeling is commonly used by organizations to reduce 

complexity and increase both knowledge and awareness of business processes (Bandara 
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et al., 2005). The first component of the thesis also aimed to determine from the literature 

whether any process models or workflow diagrams of Canadian medication management 

systems have been developed, and if there was any evidence that they were helpful in 

informing the design of an e-prescribing system for Canada. The second component of 

this thesis and research was to develop, validate, and use a workflow diagram of the 

handwritten medication management process in Canada in the community/outpatient 

setting to obtain feedback from key stakeholder groups. A workflow diagram of Canadian 

medication management in the community could help clarify the shortcomings in the 

paper-based process and where technology might help. This workflow diagram could 

inform the design of an e-prescribing system.  
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Chapter 2 is a systematic review prepared for publication.  The objective of this 

chapter is to determine whether computer simulation modeling or process modeling have 

improved medication management systems, including informing the design of an e-

prescribing system for Canada. This chapter outlines the search strategy for the review 

and how studies were selected.  It then goes on to discuss the results of the review, 

specifically what was learned in terms of research to date on e-prescribing simulation 

models and process models of Canadian medication management systems.  

Chapter 3 of this thesis is a paper prepared for publication.  This chapter discusses 

the methodology of how a workflow diagram of the paper-based medication management 

process was developed, validated, and used to obtain feedback from 15 stakeholder 
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representatives, including physicians, pharmacists, and members of the public.  The 

results from stakeholder feedback as to where they perceived errors to be present in the 

current paper-based system and where they perceived information technology as being 

helpful are also discussed.  

Chapter 4 provides an overall summary of what was learned from this research 

and discusses conclusions and future research.  
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Background: Modeling tools, if properly developed and validated, may be of value in the 

analysis of medication management systems including the development of e-prescribing.  

Objectives: To assess whether computer simulation modeling or process modeling have 

improved medication management systems, including informing the design of an e-

prescribing system for Canada. 

Methods: MEDLINE, EMBASE, CINAHL and grey literature were searched from 1975 

to December 2011 using terms such as “computer simulation OR systems analysis” AND 

“electronic prescribing OR drug prescriptions”. Records were screened by title and 

abstract by one reviewer with a second reviewer screening a sample (11.4%) of these. 

Full text articles were screened by one reviewer with a second reviewer screening a 

sample (13.0%) of these. Studies that met eligibility criteria were included in a qualitative 

synthesis. 

Results: A total of 13,376 citations were screened, 301 full text articles were reviewed, 

and 8 studies were included in the full data extraction. Five of these were simulation 

model studies and three were process model studies. All 5 simulation models included 

studied the impact that implementing an e-prescribing system might have on certain 

factors, such as process times and the number of medication errors. Only 1 of the 3 
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process model studies analyzed a Canadian medication management process; the other 2 

studies simply developed process models and did not use them for analysis. None of the 

simulation model studies validated their model predictions by comparing with data from 

the real system and none of the process model studies validated their models prior to use. 

All of these studies were of low or medium quality.  

Conclusions: Simulation modeling and process modeling have both been tried as tools to 

analyze medication management systems, however we found no evidence that the 

simulation model predictions were accurate and no evidence that either type of model had 

any impact on e-prescribing development.  
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Medication management refers to the processes involved in the prescribing, 

dispensing and monitoring of a medication, which includes prescribing, transmission, 

dispensing, counseling, administering (for the inpatient setting), and monitoring (Bell et 

al., 2004).  The paper-based medication management process has been scrutinized over 

the years, especially since the report To Err is Human brought to light the incidence and 

impact of medication errors and adverse drug events (ADEs) occurring at the various 

stages of the medication management process (Kohn et al., 1999).  Medication errors are 

errors occurring at various stages in the medication management process (Kaushal et al., 

2001) which may result in (ADEs) (Bates et al., 1995).  Although medication errors and 

ADEs result from multiple factors in the medication management system and are not the 

result of a single individual or factor (Aspden et al., 2007), there has been an emphasis on 

studying and preventing errors in the prescribing phase (McKibbon et al., 2011).  For 

example, a systematic review found that 64.7% of all ADEs that were determined to be 

preventable originated from errors in the prescribing phase (Thomsen et al., 2007). When 

a prescriber writes out a prescription by hand, he/she may not have access to rapid 

patient-specific feedback on dose, contraindications, or possible drug interactions, and 

this lack of information may increase the risk of medication errors or ADEs (Buckley, 

2002). The impact that medication errors and ADEs could have is significant considering 

that 483 million prescriptions are filled annually in Canada (Kondro, 2010). 

Electronic prescribing (e-prescribing) is a system that would make the entire 

medication management process electronic without the use of any intermediaries such as 
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paper printouts or faxes (Cusack, 2008). E-prescribing has been proposed to reduce the 

medication errors and ADEs found in the paper-based medication management system 

(Aspden et al., 2007). The Canadian government has invested $2.1 billion in Canada 

Health Infoway (CHI) (Canada Health Infoway, 2009), which is helping to fund the 

development of an e-prescribing system (Canada Health Infoway, 2010). Hospitals are 

slowly implementing computerized physician (or provider) order entry (CPOE) (Jha et 

al., 2008), which often include an e-prescribing capability (Kuperman & Gibson, 2003).  

A substantial amount of work and research is still needed before a fully 

functioning e-prescribing system exists in Canada.  One of the reasons for this is that the 

evidence regarding the benefits of e-prescribing systems internationally is mixed.  

Evidence to date suggests that the benefits of e-prescribing have been minor and 

inconsistent (Koppel et al., 2005; Reckmann et al., 2009), current systems have produced 

harm in the form of several types of unintentional errors (including increased mortality) 

and faulty design (Campbell et al., 2006; McKibbon et al., 2011), and the costs of 

implementing such systems are much higher than expected (Cusack, 2008). As 

unintended consequences associated with the implementation of e-prescribing systems are 

consistently found after implementation (McKibbon et al., 2011), it has been suggested 

that analyzing existing workflow patterns prior to implementing e-prescribing systems 

would be an important component to ensuring successful implementation of the system 

(Johnson & FitzHenry, 2006). One way to perform this analysis is by using modeling 

techniques.  
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One modeling technique known as computer simulation modeling uses a 

computerized model to attempt to imitate the behaviour of the real system and its 

potential response to intervention (Lepley, 2001; van Sambeek et al., 2010; Kelton et al., 

2010). The model is built by first identifying the elements of the system, their 

relationships, and data values (Anderson, 2002). Some possible sources of data include 

logs of the system, questionnaires, interviews, opinions of experts, and work sampling 

(Anderson, 2002).  The model is then simulated using simulation software, which uses 

underlying mathematical algorithms and equations to perform simulations (Anderson, 

2002). The simulation model simulates variations of the real processes in the system at an 

accelerated rate (van Sambeek et al., 2010). Variations can be made to the initial 

conditions, inputs, capacity, and the structure of the system (Anderson, 2002). For 

example, the number of prescriptions going through an e-prescribing system can be 

varied to determine what impact it would have throughout the system.  The simulation 

model output is a simple spreadsheet, and this output is used to measure the performance 

of the system (van Sambeek et al., 2010; Mo & Mahmoudi, 2008). Performance is 

measured by examining variables of interest in the output report, such as process times, 

and determining how they were impacted by the variations to the system that were 

simulated. Simulation models can be used to model existing or planned systems (Banks, 

1999). There are several different types of simulation models. Examples include discrete-

event simulation modeling, which is suitable for systems where variables change at 

distinct moments in time (Lim et al., 2012); system dynamics, which is suitable for 

models of continuous processes where feedback loops are present (Sweetster, 1999); and 
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agent-based modeling, which is suitable for modeling systems that involve autonomous 

agents (i.e. users) that are directed by certain rules and interactions (Lim et al., 2012). 

Simulation modeling has been useful in analyzing process design, scheduling, and 

capacity problems for both the inpatient and outpatient setting (van Sambeek et al., 2010). 

Another modeling technique known as process modeling or workflow modeling, 

allows for the visual representation of the operations of an organization or a system 

(Bandara et al., 2005).  A process model or workflow diagram displays a network of 

processes or activities and the order in which these processes are performed (White, 

2004), but does not involve any simulation. Process modeling uses a structured approach 

to describe a set of related processes or activities (Hook, 2011). Process models are 

typically developed by a top-down approach, where high-level processes are first mapped 

out and then broken down into greater levels of detail (White, 2004). Once the model or 

diagram is complete, it can be used to communicate different levels of detail (e.g., only 

certain parts of the model or the complete model) to different types of audiences (e.g., 

user groups or management) (White, 2004). Process modeling has been useful in 

analyzing process design problems in the hospital setting (van Sambeek et al., 2010).       

The objective of this review was to assess whether computer simulation modeling 

or process modeling have improved medication management systems, including 

informing the design of an e-prescribing system for Canada. 
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We included all types of studies as long as they were either original research or a 

systematic review. Editorials and commentaries were not considered for inclusion. We 

only considered reports that were published in the English language and published from 

1975 onwards.  By 1975, computerized pharmacy information systems had begun to 

proliferate in Canada, later versions of which support current medication management.  

!"#$#$!%&'(()*)+!,'*-('*.!!
 
System 
 

Computer simulation models were eligible for inclusion if they were intended to 

inform an e-prescribing or CPOE system in any country. CPOE systems were included as 

they often include electronic ordering of medications.  Process models were eligible for 

inclusion only if they modeled a medication management system in Canada. For both 

types of models, we required studies to at least discuss the prescribing and dispensing 

phases of medication management.  

 
Intervention 
 

Any type of computer simulation model was eligible for inclusion (e.g., discrete-

event, system dynamics, agent-based) as long as it was used to inform the design of or 

analyze an e-prescribing system. All types of process models were eligible for inclusion 

(e.g., workflow models, workflow diagrams) as long as an actual model was developed 
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and/or used to analyze a medication management system.  For a comprehensive list of 

search terms refer to Appendix 1.   

Control  
 
We considered any comparison group that was included, including if the 

comparison group was the system prior to the intervention (e.g., historical controls in a 

before-after study). 

Outcomes  
 

For both types of models the outcomes of primary interest were workflow 

efficiency and patient important outcomes.  

Setting 
 
For both types of models, we considered all studies that were in the inpatient or 

outpatient setting.  

:9:'.KGK'#LMINJO'KPQ'#JKINR'#GIKGJEDJO'
 

"#"#$!/0(&-'1)*&!2.-.3.4(4!!
 

The literature was searched from 1975 until December 2011 (week 3) using the 

electronic databases MEDLINE (using OVID), EMBASE (using OVID), and CINAHL 

(using EBSCO).  AG developed all search strategies with the assistance of a research 

librarian and search strategies were peer-reviewed prior to the actual searches.   
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The search strategies were as follows:  

(a) Computer simulation modeling and related terms (Computer Simulation OR Systems 

Theory OR Systems Analysis) were combined with electronic prescribing and related 

terms (Electronic Prescribing OR Computer-Assisted Drug Therapy OR Computerized 

Medical Records Systems) using “AND”.  

(b) Process modeling and related terms (Systems Analysis OR Process Assessment 

[Health Care] OR Quality Assurance, Health Care) were combined with electronic 

prescribing, paper-based prescribing, and related terms (Electronic Prescribing OR Drug 

Prescriptions OR Computer-Assisted Drug Therapy) and (Canada OR Provinces OR 

Territories) using “AND”. 

(a) and (b) were then combined using “OR”. The full search strategy for each electronic 

database with a complete list of terms that were searched is presented in Appendix 1.   

"#"#"!5'(6!7*-('.-8'(!!
 
An extensive search of the grey literature was also performed using a combination 

of terms such as electronic prescribing simulation model, drug prescribing process model 

Canada, and drug prescribing model.  The full search strategy for each source of grey 

literature that was searched is presented in Appendix 2.  

:9;'#GMQH'#JCJNGDLP'
 
! All records were first screened by title only by AG to determine if they were 

concerning medication management and modeling.  Duplicates and irrelevant records 
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(e.g., clearly not about medication management and modeling) were excluded.   All 

remaining records were screened by title and abstract by AG to determine if they were 

concerning medication management, and process or simulation modeling.  A second 

reviewer (JL) screened a random sample (11.4%) of the records in retrospect by title and 

abstract to obtain a measure of agreement. All identified citations meeting the 

inclusion/screening criteria, including studies where eligibility for inclusion based on title 

and abstract alone could not be determined, were further reviewed by obtaining the full 

text and reviewed by AG. JL screened a random sample (13.0%) of the studies in 

retrospect by full text to obtain a measure of agreement. Studies meeting the inclusion 

criteria were then included in the analysis. Bibliographies of all included studies were 

also searched to identify any other studies that met the inclusion criteria. The detailed 

screening criteria for the review are outlined in Appendix 3.  Selection of studies from the 

grey literature was performed independently by AG by screening by title first, then 

abstract, and then full text.  Inter-rater agreement for screening was calculated using an 

online Kappa calculator (GraphPad Software Inc., 2012). 

:9='.KGK'&LCCJNGDLP'6ILNJOO'KPQ'#HPGRJODO''
 
 Data were extracted from all included studies using a predefined data extraction 

form, which included study setting, the type of system being modeled, details of the 

intervention, outcome measures, whether validation occurred, and the results. The data 

extraction form is found in Appendix 4. Data extraction was performed independently by 

AG.  JL performed data extraction independently for a sample (62.5%) of the included 

studies to obtain a measure of agreement.  The level of inter-rater agreement for a sample 
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of the 5 key items found in the data extraction form was calculated using the same online 

Kappa calculator mentioned above.  Results of studies were summarized.  

:9>'!OOJOOSJPG'LT'AMKCDGH'
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We assessed the quality of each simulation model study based on four factors, 

which were adapted from Robinson (1997) and Sargent (2005): 

(A) Was the simulation model validated prior to use?  Several validation techniques could 

be used to validate simulation models before they are used.  White-box validation and 

black-box validation are used to determine if the components of the model or the overall 

model, respectively, are representative of the real-world system to a satisfactory degree of 

accuracy (Robinson, 1997). These correspond to face validity, meaning that at face value, 

those who are knowledgeable about e-prescribing systems believe that the simulation 

model appears to be an accurate representation of the real system.  Another method of 

validation is to use historic data, if available, run these data through the simulation model, 

and then compare the results from the simulation model to the existing system to 

determine if the model is running correctly (Sargent, 2005).  If a model was validated 

prior to its use by any of these validation methods, the study was given a score of 1, 

otherwise given a score of 0.  

 (B) What quality of data was used to populate the simulation model?  Several sources of 

data could be used to populate simulation models, all of which are of different levels of 

quality.  Poor quality or inaccurate data could result in inaccurate model predictions 
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(Robinson, 1997). If actual data were used to populate the simulation model (e.g., from 

system logs, work sampling, chart review), the study was given a score of 1. If the data 

used to populate a simulation model were based solely on opinions and estimation, the 

study was given a score of 0.  

(C) Was sensitivity analysis performed before the model was used?  Sensitivity analysis 

involves varying the inputs of the simulation model to determine the effects on the 

model’s output (Sargent, 2005). Those parameters that cause substantial changes to the 

model’s output are considered to be sensitive and need to be adjusted before the model is 

used (Sargent, 2005). If sensitivity analysis was performed before the model was used, 

the study was given a score of 1, otherwise given a score of 0.   

(D) Were model predictions tested to see if they were accurate? This means the model 

predictions are compared to the actual system’s behavior (i.e. once the changes have been 

made to the system or the new system has been implemented) to determine if they are the 

same and if the model was indeed accurate (Sargent, 2005). If model predictions were 

tested, the study was given a score of 1, otherwise given a score of 0.  

A total quality score of 0-1 was considered low quality, a score of 2-3medium quality, 

and a score of 4 high quality. 

"#9#"!:8.0*-6!1;!?'1&(44!=1>(0!%-8>*(4!
 

We assessed the quality of each process model (i.e., workflow diagram) study 

based on two factors: 

(A) Was the process model validated prior to use?  If the model was validated for face 

validity (i.e. at face value, those with knowledge of the process believed the model to be 
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representative of the actual process), it was given a score of 1, otherwise given a score of 

0.   

(B) Were the models built with the flexibility of dealing with regular workarounds?  If the 

model demonstrated any degree of flexibility to deal with workarounds, such as the 

computer system not functioning properly, it was given a score of 1, otherwise given a 

score of 0.  If a study scored the maximum score of 2, it was considered to be of high 

quality.  If it scored 1, it was considered to be of medium quality.  If it scored 0, it was of 

low quality. 

;9'%-#3,$#'
 

A search of MEDLINE, EMBASE and CINAHL on January 26th, 2012 yielded 

13,143 records.  An additional 233 records were identified through the grey literature. 

Figure 1 illustrates the study selection process. After removing duplicates (n=600), 

12,543 records were screened by title. 1,318 records remained and were screened by 

abstract (Kappa = 0.307 fair). The main reasons for exclusion were not about medication 

management, no simulation model described, or the process model was not about a 

Canadian system. Three hundred and one studies remained for full text screening 

(Kappa= 0.304 fair).  After applying the eligibility criteria to the full texts, 8 remained for 

qualitative synthesis. The main reasons for exclusion of full texts were as above, plus not 

about an e-prescribing simulation model, not about a process model, and not original 

research (e.g., editorials, commentaries). The level of inter-rater agreement for the data 

extraction form was Kappa=0.273 (fair). 
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Figure 1. Study Selection Flow Diagram 

 
Five of the included studies described a simulation model of an e-prescribing 

system; 3 studies described a process model of a Canadian medication management 

system. All 8 studies were published between 2001 and 2008. A summary of these 8 

studies is found in Table 1.
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Table 1. Characteristics of Included Studies 
Study, Design, 
Setting, 
Country 

Phases of 
Medication 
Management 
Process 
Modeled 

System(s)/ 
Process(es) Modeled 

Intervention Outcomes 

A. Simulation 
Studies 

    

Anderson et al. 
(2002)  

 
Descriptive  

 
Inpatient 
 
(U.S.A.) 

Prescribing, 
transmission, 
dispensing 

One simulation model 
was developed of a 
CPOE system that was 
partially electronic, 
partially manual 

 
5 changes to the 
system were tested 
using the model, 3 of 
them were different 
aspects of a CPOE 
system 

Simulation model of:  
(a) a complete electronic system with 
decision support and order entry (i.e. 
all stages of medication management 
are electronic), 
(b) computerized prescribing with 
decision support (i.e. making the 
prescribing stage electronic), 
(c) physician order entry system that 
allows physicians to enter orders directly 
into the hospital information system 

Changes to medication 
errors, adverse drug 
events, additional days 
of hospitalization and 
additional hospital costs 

Bell et al. 
(2007)  

 
Descriptive 

 
Outpatient 
community 
practice 
 
(U.S.A.) 

Prescribing, 
transmission, 
dispensing, 
monitoring 

Complete Electronic 
prescribing system 
from prescribing to 
dispensing 

Simulation model testing the 
implementation of 3 features for e-
prescribing:  
(a) formulary and benefit feature - 
displays formulary information and the 
cost to the patient at the time the drug is 
being prescribed;  
(b) medication history feature - displays 
the history of medications filled and 
allows for safety alerts; and  
(c) electronic prior authorization feature 
-  allows for completion of drug prior 
authorization requests online 

Changes to healthcare 
provider times for task 
completion and 
pharmacist call back rate 
to physician prescriber 
due to implementing 3 
e-prescribing features 
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Study, Design, 
Setting, 
Country 

Phases of 
Medication 
Management 
Process 
Modeled 

System(s)/ 
Process(es) Modeled 

Intervention Outcomes 

Clancy (2006)  
  

Descriptive 
 

Inpatient 
 
(U.S.A.) 

Prescribing, 
dispensing 

CPOE system with 
decision support, 
electronic 
documentation, and 
pharmacy information 
system 

Simulation models of implementing a 
CPOE system with embedded guidelines 
and without embedded guidelines 

Changes to the annual 
number of medication 
orders and the total 
annual hours for 
healthcare providers to 
process medication 
orders 

Dean et al. 
(2001)  

 
Descriptive 

 
Inpatient 
 
(U.K.) 

Prescribing, 
transmission, 
dispensing 

Handwritten 
prescribing system 
was modeled 
- e-prescribing was 
one intervention that 
was tested in this 
model (defined as a 
system that allows for 
real-time data link to 
pharmacy) 

Simulation model of the introduction of 
e-prescribing into the existing system at 
the hospital 

Changes to the 
medication 
administration error rate 
related to non-
availability (U-MAE) -  
medication not available 
at the designated 
administration time 
(wards stocked a 
selection of drugs that 
were enough to provide 
80% of all doses 
needed) 

Wong et al. 
(2003) 
  
Descriptive 

 
Inpatient 
 
(Canada) 

Prescribing, 
transmission, 
dispensing 

CPOE system that 
allows for electronic 
ordering, dispensing, 
and administration of 
medications 
 

Simulation model of a CPOE system Changes to turnaround 
time from medication 
order to delivery of 
medication to wards, as 
well as errors associated 
with medications not 
being available 



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

Study, Design, 
Setting, 
Country 

Phases of 
Medication 
Management 
Process 
Modeled 

System(s)/ 
Process(es) Modeled 

Intervention Outcomes 

B. Process 
Model Studies 

    

Nickerson et 
al. (2008)  

  
Descriptive 

 
Inpatient 
 
(Canada) 

Prescribing, 
transmission, 
dispensing 

Handwritten 
prescribing 

Failure Mode and Effects Analysis 
(FMEA) conducted using a process 
model to identify (a) potential failure 
modes in the medication ordering 
process (b) the causes and effects of  
those failure modes, and (c) potential 
solutions 

Number of failure 
modes (in the process or 
design), criticality 
(importance) score for 
each failure mode, the 
causes and effects of 
those failures, and 
potential solutions to 
those failures 

Abrams and 
Carr (2005)  

 
Descriptive 

 
Inpatient 
 
(Canada) 

<3()$3*=*/>?%
23./)@*))*8/?%
A*)B(/)*/> 

:%)0)2(@)%@8A(7(A%%
C%9./AD3*22(/%
B3()$3*=*/>%)0)2(@%%
C%E<F6%)0)2(@%2'.2%*)%
(7($238/*$%G38@%
83A(3*/>%28%
A*)B(/)*/>?%./A%
*/$7HA()%(7($238/*$%
A8$H@(/2.2*8/%8G%
.A@*/*)23.2*8/%8G%
@(A*$.2*8/) 
 

Developing two process models to show 
workflow before and after implementing 
an actual CPOE and EMM (electronic 
medication management) system 

&D8%B38$())%@8A(7)%
A(5(78B(A"%<38$())%
@8A(7)%/82%H)(A%G83%
./.70)*) 



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

Study, Design, 
Setting, 
Country 

Phases of 
Medication 
Management 
Process 
Modeled 

System(s)/ 
Process(es) Modeled 

Intervention Outcomes 

Zamora et al. 
(2006)  

  
Descriptive 

 
Inpatient 
 
(Canada) 

Prescribing, 
dispensing 

CPOE system that 
involved electronic 
order entry with 
decision support and 
electronic 
documentation of 
administration of 
medications 
 

Very basic process model of 
medication ordering process developed 
 

Process model of the 
medication ordering 
process developed. 
Process model itself not 
used for analysis 
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Three simulation model studies (Anderson et al., 2002; Bell et al., 2007; Wong et 

al., 2003) were of low quality and two simulation model studies (Clancy, 2006; Dean et 

al., 2001) were of medium quality. Details of quality, interventions, outcomes, and results 

for each simulation model study are found in Table 2. 

All five simulation model studies used a simulation model as a tool to estimate the 

impact that implementing an e-prescribing system would have on one or more variables 

that were of interest to help support the development of a de novo model. The models 

predicted that implementing e-prescribing systems would have a positive, negative, or no 

impact on the variables.  The results from each study are discussed below according to 

variables related to workflow efficiency and patient important outcomes.      

!"#"#$%&'()*&+$,))-.-/0.1$$
 
Three simulation model studies (Bell et al., 2007; Clancy, 2006; Wong et al., 

2003) used simulation models to measure process times.  Wong et al. (2003) predicted 

that the turnaround time from when a medication is ordered to its delivery to the wards 

would decrease by approximately 50% after implementing the proposed CPOE system. 

Bell et al. (2007) predicted that implementing 3 different e-prescribing system features 

would either (a) increase process times for the prescriber (this was for the formulary and 

benefit feature, which displays formulary information at the time of prescribing), (b) have 

a minimal effect on process times for healthcare providers and pharmacists (this was for 

the medication history feature, which displays the history of medications filled and allows 
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for safety alerts), or (c) decrease process times for prescribers and other staff (this was for 

the electronic prior authorization feature, which allows for requests regarding the 

approval of a prescription’s coverage by a health plan to be completed online). Clancy 

(2006) predicted that (a) work time for physicians would increase by 87.8% and work 

time for nurses and pharmacists would decrease significantly after implementing a CPOE 

e-prescribing system with guidelines, and (b) work time for physicians would increase by 

136.4% and work time for nurses would decrease after implementing CPOE without 

embedded guidelines.  

Anderson et al. (2002) estimated that the number of additional days of 

hospitalization and associated costs would either decrease (for the comprehensive, 

completely electronic system) or remain about the same (for the other 2 CPOE 

interventions). Bell et al. (2007) predicted that the number of call backs from pharmacists 

to prescribers for clarification or issues with a prescription would be reduced after 

implementing the formulary and benefit, medication history, and electronic prior 

authorization features. 

!"#"$%&'()*+(%,-./0('+(%12(3/-*4%%
 

Four simulation model studies (Anderson et al., 2002; Clancy, 2006; Dean et al., 

2001; Wong et al., 2003) used simulation models to measure surrogates of patient 

outcomes, such as the number of medications, errors, and ADEs. Clancy (2006) predicted 

that the number of medications administered annually would be reduced by almost half 

after implementing a CPOE system with imbedded guidelines, as the embedded 

guidelines only allowed for a certain number of prescriptions to be prescribed and, if 
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exceeded, would require a consultation with a specialist. Dean et al. (2001) predicted that 

introducing e-prescribing would reduce by more than two thirds the unavailability-related 

medication error (U-MAE) rate (defined in Table 1); however, the authors did not detail 

how this reduction in error rate would take place and only mentioned that the system 

would allow for a real-time data link to the pharmacy.  Wong et al. (2003) predicted that 

after implementing a CPOE system there would be a reduction in failures that occur when 

medications are not delivered to the ward on time or not administered in time (referred to 

as pharmacokinetic and ‘tight’ failures by Wong et al.). This reduction in failures was 

predicted because the proposed CPOE system would streamline the medication ordering 

process, which would result in fewer steps, and would eliminate problems such as 

illegibility of medication orders, which would result in fewer call backs to physicians by 

pharmacists. Overall, this was predicted to result in a reduction in the time it takes to 

deliver medications to wards and administer medications. Anderson et al. (2002) 

predicted that medication errors and ADEs would decrease after implementing only 1 of 

the 3 e-prescribing interventions - the comprehensive, completely electronic system – as 

this proposed system would detect as well as prevent errors and ADEs by providing the 

prescriber with patient and medication history at the time of prescribing, allowing for 

direct order entry, and performing drug checks. 
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Table 2. Details of Simulation Model Studies 

Quality of the Study Model Specific Results  
 

Study, Method of 
Assessing 
Outcome Measure Quality Score Comment Baseline Values Simulation Predictions 
Simulation Studies   
Anderson (2002) 
(Anderson et al., 
2002) 

 
Simulation Model 
Output   
 

Total Score: 1 
 
a) Validation score 0  
 
b) Data score 1 
 
 
 
 
 
 
 
 
 
 
 
 
c) Sensitivity 
analysis score 0  
 
d) Prediction score 0 

 
 
-not reported 
 
-baseline data: estimated 
from study, obtained from 
quality assurance records, 
obtained by reviewing 
medications ordered in a HIS 
over a 12 week period  
- days of hospitalization and 
costs obtained from results of 
2 studies 
- error rates obtained from 
literature 
 
-sensitivity analysis was not 
performed before the model 
was used 
  
-not reported  
 

Intervention ‘a’ 
performed the best: 

- total medication 
error rates 41.6 
per 1000 at 
baseline  
 

- ADE rate 3.3 to 
10.8 per 1000 at 
baseline  
 

- additional days 
of 
hospitalization 
1400 to 4654 at 
baseline 

 
- additional 

hospital costs 
$1,652,000 to 
$5,490,000 at 
baseline 

 
 

- estimated to 
decrease to 30.7 
per 1000 orders 
 

- estimated to 
decrease to 
between 2.4 to 
7.9 per 1000   

 
- estimated to 

decrease to a 
range of 1060 to 
3428  
 
 

- estimated to 
decrease to a 
range of 
$1,251,000 to 
$4,044,000  
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Quality of the Study Model Specific Results  
 

Study, Method of 
Assessing 
Outcome Measure Quality Score Comment Baseline Values Simulation Predictions 
Bell (2007) (Bell 
et al., 2007) 

 
Simulation Model 
Output   
 

Total Score 1 
 
a) Validation score 1 
 
 
b) Data score 0  
 
 
 
c) Sensitivity 
analysis score 0  
 
 
d) Prediction score 0 

 
 
-expert panel reviewed the 
model 
 
-data was estimated for an 
average prescription 
 
 
-not reported 
  
  
 
-not reported  
 

(a) formulary & benefit 
feature: 
- baseline call back rate 
from pharmacists to 
physicians 3.3 per 100 
new prescriptions and 
1.7 per 100 renewals 
  
 
(b) medication history 
feature  
 
 
 
 
 
 
(c) electronic prior 
authorization feature: 
- baseline call backs 3 

 

 
 
- estimated to decrease 
call backs to 2.2 per 100 
new prescriptions and 
1.1 per 100 renewals 
- require an average of 
5% more prescriber time 
 
- estimated to reduce 
call backs by 0.1 to 0.2 
per 100 prescriptions 
- result in less than 1% 
time savings for 
healthcare providers and 
pharmacists 
 
- estimated to reduce 
call backs to 1 
- reduce by half the time 
spent by prescribers & 
staff in completing Prior 
Authorization 
- 4% time savings for 
prescribers, 35% time 
savings for staff per 100 
new prescriptions 
- 2% time savings for 
prescribers, 38% time 
savings overall for staff 
per 100 renewals 
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Quality of the Study Model Specific Results  
 

Study, Method of 
Assessing 
Outcome Measure Quality Score Comment Baseline Values Simulation Predictions 
Clancy (2006) 
(Clancy, 2006) 

 
Simulation Model 
Output   
 

Total Score 2 
 
a) Validation score 1 
 
 
 
 
 
 
 
 
 
 
b) Data score 1  
 
 
 
 
 
 
 
 
c) Sensitivity 
analysis score 0  
 
d) Prediction score 0 

 
 
-sample data from a different 
population of patients was 
run through the model and 
then the simulation output 
was compared to the original 
population of patients. Model 
outputs were very similar for 
the variables in both 
populations   
-face validity  
 
-the median number of 
treatments ordered by a 
sample of physicians was 
used  
-data from a previous time 
and motion study 
-post EHR times were 
estimated  
 
-not reported 
  
 
-not reported 

CPOE with embedded 
guidelines: 
- baseline number of 
medications 
administered annually 
29,100  

- baseline pharmacy 
work time 1164 hours 
annually 

- baseline nurse work 
time 8374.28 hours 
annually  

- baseline physician 
work time 207.05 hours 
annually  

CPOE without 
embedded guidelines: 

- baseline physician 
work time 207.05 hours 

- baseline pharmacy 
work time 1164 hours 
annually 

- baseline nurse work 
time 8374.28 hours 
annually 

 

- estimated to reduce 
number of medications 
administered to 15,729  

- estimated to reduce 
pharmacy work time to 
632.85 hours annually 

- estimated to reduce 
nurse work time to 
5892.01 hours annually 

- estimated to increase 
physician work time to 
388.747 hours annually 

 

 

- estimated to increase 
physician work time to 
489.47 hours annually 

- no mention of changes 
to pharmacy work time 

- estimated to reduce 
nurse work time to 
7226.802 hours annually 
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Quality of the Study Model Specific Results  
 

Study, Method of 
Assessing 
Outcome Measure Quality Score Comment Baseline Values Simulation Predictions 
Dean (2001) 
(Dean et al., 
2001) 

 
Observation, 
Simulation model 
output 

Total Score 3 
 
a) Validation score 1 
 
 
 
 
 
 
 
b) Data score 1 
 
 
 
c) Sensitivity 
analysis score 1 
 
d) Prediction score 0 

 
 
-parts of model simulated 
under simpler conditions and 
expected output calculated 
by hand  
-face validity of model 
assumptions performed by 2 
experienced pharmacists 
 
- reviewing records on wards 
-observation 
-survey  
 
-performed in two stages  
 
 
-not reported 

Baseline U-MAE rate: 
2.1% for surgical wards 
and 2.7% for medical 
wards 

- implementing e-
prescribing estimated to 
decrease U-MAE rate to 
~1.3% for surgical 
wards and ~1.8% for 
medical wards 

Wong (2003) 
(Wong et al., 
2003) 

 
Simulation model 
output 
 

Total Score 1  
 
a) Validation score 0  
 
b) Data Score 1 
 
 
 
 
c) Sensitivity 
analysis score 0  
d) Prediction score 0 

 
 
-not reported 
 
-detailed process data 
collected by observation 
-one month of data collected 
from pharmacy  
 
-not reported 
  
-not reported 

CPOE system: 
- baseline average total 
turnaround time 257 
minutes (observed time)  
 
- baseline % average 
pharmacokinetic failures 
14.5% (observed value) 
 
- baseline % average 
‘tight’ failures 57% 
(observed value) 

 
- estimated to reduce the 
turnaround time to 122.6 
minutes 
 
- estimated to be 
reduced to 5.7% 
 
 
- estimated to be 
reduced to 14.5% 
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Two process model studies (Abrams & Carr, 2005; Zamora et al., 2006) were of 

low quality and one (Nickerson et al., 2008) was of medium quality.  Details of quality, 

interventions, outcomes, and results for each study are found in Table 3.  While all 3 

process model studies developed workflow diagrams of Canadian medication 

management systems, the extent to which these diagrams were actually used varied 

between the studies. The results of these studies are discussed according to the extent to 

which the workflow diagrams were used for analysis. 

!"#"$%&'()*+%,+)(%-'%./0%',-1%/2/*34)1%/2(%5.06'7)%06'8)++)+%

One study (Nickerson et al., 2008) used a workflow diagram to not only map out 

the processes in medication management, but also to analyze and suggest improvements 

to the processes.  Nickerson et al. (2008) used a focus group approach consisting of a 

physician, nurse, practical nurse, ward clerk, and a director of pharmacy to identify areas 

where the medication ordering process could fail. First, all the processes involved in the 

inpatient medication ordering process for a medical unit of a hospital were mapped out 

using a process model.  Then, using the workflow diagram, the focus group brainstormed 

key areas where failures occurred.  The causes and effects of those failures were then 

identified and potential solutions were suggested by the group. Investing in information 

technology, in general, was suggested to solve many of the problems identified. 
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Two studies (Abrams & Carr, 2005; Zamora et al., 2006) used process models to 

only map out (i.e. graphically display) the processes of medication management and did 

not use the diagrams further. Abrams and Carr (2005) described in their study the effects 

that implementing a CPOE system had on the workflow of healthcare providers at a 

teaching hospital in Toronto, Canada.  Two workflow diagrams were developed showing 

workflow before and after implementing the system. They do not appear to have used 

these models for anything other than to show how the processes changed after 

implementing CPOE. Zamora et al. (2006) developed a simple representation of the 

medication ordering process at a hospital in Toronto, Canada, using a process model. 

They identified metrics and indicators that would best demonstrate the impact of 

implementing the CPOE system and collected data for these indicators. They found 

several benefits from the implementation of the electronic system. There is no indication 

in this study if the workflow diagram itself was used after it was developed. 
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Table 3. Details of Process Model Studies 
Quality of the Study Study, Method of 

Assessing 
Outcome Measure Quality Score Comment 

Model Specific Results  
 

Process Model 
Studies 

  

Nickerson  (2008) 
(Nickerson et al., 
2008) 
 
Physical 
measurement, 
focus group 

Total Score 1 
 
a)Validation Score 0  
 
b) Flexibility Score 1 

 
 
-not reported 
 
- Workarounds built into 
model (i.e. in the event the 
pharmacy is closed) 

- 78 potential failure modes were identified 
with scores varying from 2% to 80% in 
importance 
- analysis discovered: 
 (a) communication issues between 
individuals and also departments 
 (b) adherence to policies was not consistent  
 (c) investing in IT hypothesized to help 
solve many of the problems 
 (d) general continuous quality 
improvement activities suggested 

Abrams (2005) 
(Abrams & Carr, 
2005) 

 
N/A 

Total Score 0  
 
a)Validation Score 0  
 
b) Flexibility score 0 

 
 
-not reported 
 
- workarounds not built into 
models 

N/A 

Zamora (2006) 
(Zamora et al., 
2006) 

 
N/A 

Total Score 0 
 
a) Validation Score 0  
 
b) Flexibility score 0 
 

 
 
-not reported 
 
- workarounds not built into 
model 

N/A 
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Since there seems to be no previous review that examined the extent to which 

simulation modeling and process modeling have been used to improve medication 

management systems, including informing the design of an e-prescribing system from a 

Canadian perspective, we believe that the findings of this review are an important 

contribution to the literature. Our review found that other researchers have developed 

simulation models of e-prescribing/CPOE systems with medication ordering and have 

attempted to use these models to estimate changes to process times for healthcare 

providers and/or changes to patient important outcomes, such as ADEs. Some of these 

models predicted positive results, such as a decrease in errors, while others predicted 

negative results, such as an increase in process times. All simulation models included in 

this review, however, were judged to be of low or medium quality; there was no 

indication that the models actually influenced or resulted in a change to the design of an 

actual e-prescribing/CPOE system.  

Our review also found that three studies have developed process models or 

workflow diagrams of Canadian medication management systems; however, we only 

found one of these studies for certain attempted to use a workflow diagram as a tool to 

analyze and improve the processes in the medication management system (Nickerson et 

al., 2008). This suggests that process modeling can be used to analyze Canadian 

medication management systems. All workflow diagrams included in this review were 

judged to be of low or medium quality.  How these workflow diagrams actually 

influenced or improved the design of an actual medication management system remains 
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uncertain as implementation was not discussed, although there are indications that some 

recommendations from the Nickerson et al. study may have been implemented. 

There are some limitations to this systematic review.  The first level of screening 

by title was performed by only one screener. We chose to make the search strategy very 

broad due to the fact that many terms were used to refer to medication management, 

simulation modeling, and process modeling. This resulted in a larger number of records 

being found than expected and most of these were totally irrelevant.  Due to limited 

resources, we could not perform duplicate screening at the first stage and we could not 

perform full duplicate screening at the other stages of screening.  Instead, a second 

reviewer screened a small sample of abstracts and full texts in retrospect. We only 

searched for studies published in the English language.  We were only able to judge the 

models and their quality based on what was reported in the studies, so we were not able to 

actually evaluate the models themselves if they were not included in the studies.  For 

some of the models, it was not clear if the transmission stage, in particular, was actually 

simulated or modeled.  In these cases, we made the assumption that this stage was 

included, even though, in reality, it may not have been included.  

 Our review has found that simulation models have been used to predict the impact 

of implementing new e-prescribing systems or making changes to existing systems; 

however, the accuracy of these models and their predictions is not known, as none of the 

studies reported if model predictions were validated by being compared to the actual 

system.  We also have no information on whether the results from these simulation model 

studies actually influenced the development of a new e-prescribing system or influenced 
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modifications to an existing system. This is a significant flaw in modeling and it has been 

noted before.  A systematic review of 31 computer simulation models of operating rooms, 

emergency rooms, outpatient departments, inpatient departments, intensive care, and 

laboratory found that few of these studies reported the outcomes of implementing the 

results from the simulation models, making it difficult to determine the utility of these 

models (van Sambeek et al., 2010).  Another systematic review examining the quality of 

simulation model studies in healthcare found that reporting of outcomes was of such poor 

quality that the value of the simulation modeling could not be determined (Fone et al., 

2003).  We have come to a similar conclusion that even though simulation models may 

have been developed and used to predict the impact of e-prescribing, the utility of these 

models has not been established as we have no information on the accuracy of these 

models or their predictions. Further research is needed to prove the utility of e-prescribing 

simulation models.  

The outputs of simulations are only as good as the data inputs and logic used to 

build the simulation models.  We found that some studies relied on observation to collect 

data; some studies conducted actual studies to obtain data, while others simply estimated 

data values. Some of these data sources, such as estimated data, are of low quality. If low 

quality data are being inputted into the simulation model, one cannot expect to receive 

accurate output or predictions. To increase confidence in the predictions of simulation 

models, they need to be thoroughly tested and validated before they are used.  Only 3 of 

the simulation model studies reported validation of the models before they were used.  

This is a problem that has been found for other simulation models in the health field.  The 
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systematic review previously mentioned found that only 4 of the 31 computer simulation 

models had been validated prior to implementation (van Sambeek et al., 2010). 

Furthermore, there seems to be some selective outcome reporting bias and publication 

bias, as some of the simulation model studies included in our review did not discuss 

where the models performed badly.  

As for workflow diagrams, although they may be commonly used in the 

healthcare setting, it may be that very few are published in the health services literature. 

We found that there is evidence for at least one workflow diagram being used as a tool for 

analysis of the medication management process in Canada; however, we found no 

evidence that workflow diagrams have had any positive impact on the development of e-

prescribing systems in Canada. 

!"#$%&$'()*%&#

Simulation modeling and process modeling have both been used as tools to 

analyze medication management systems, however we found no evidence that the models 

have benefited medication management or e-prescribing development.  Validation of 

models appears to be a key step for them to be useful. 
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Background: Our systematic review revealed that three workflow diagrams of Canadian 

medication management processes have been developed; however, how they have been 

used to inform the design of e-prescribing systems is unclear. Developing a workflow 

diagram may be of value in informing the design of an e-prescribing system for Canada.  

Objectives: To build and establish face validity for a workflow diagram of the current 

medication management process in Canada to prepare for e-prescribing.  

Methods: We developed a workflow diagram of the paper-based medication management 

system based on the expertise of members of the research team using iterative review and 

discussion. We then obtained feedback from 15 stakeholders regarding perceived 

accuracy, processes most associated with inefficiencies or patient safety problems, and 

processes most likely to be improved by e-prescribing.   

Results: Fifteen stakeholders (5 physicians, 5 pharmacists, and 5 members of the public) 

participated in the study. All stakeholders at least agreed, with 9 of 15 (60.0%) strongly 

agreeing that the workflow diagram was a realistic representation of the current 

medication management process, suggesting face validity. The primary processes 

perceived by stakeholders as being problematic were generating the prescription by the 
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physician (9/15 (60.0%)) and drug checking by the physician (6/15 (40.0%)). 

Stakeholders also perceived these two problematic processes to be the main processes 

likely to be improved by information technology.  

Conclusions: %A workflow diagram can be used to clearly elucidate the steps in current 

handwritten prescribing systems, which may assist in developing e-prescribing systems. 

Stakeholders suggested that drug checking and generating the prescription by the 

physician might be improved by e-prescribing. 
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 The paper-based drug prescribing, transmission, dispensing, counseling, and 

monitoring process, or medication management process (Bell et al., 2004), has come 

under much scrutiny over the years, especially since the release of the oft cited report To 

Err is Human over a decade ago (Kohn et al., 1999). This report highlighted the incidence 

and impact of medication errors and adverse drug events (ADEs) occurring at different 

stages in the medication management process.  

 A systematic review examining the types of medication errors that cause 

preventable adverse drug events (pADEs) in ambulatory care found that 64.7% of the 

reported pADEs and 56.0% of the pADEs that cause hospital admission originated from 

errors in the prescribing phase (Thomsen et al., 2007). These errors consisted of 

inadequate access to complete patient records, prescribing wrong drugs or those that are 

contraindicated, and selecting inappropriate doses (Thomsen et al., 2007). Research on 

studies in medication management has found that physicians are studied substantially 

more than any other healthcare provider, such as pharmacists (McKibbon et al., 2011), 

which may be why there is a focus on preventing errors at the prescribing phase.    

 Because of the errors and ADEs associated with the various phases of the paper-

based medication management process, electronic prescribing (e-prescribing) has been 

proposed as a solution to eliminate or reduce these errors (Aspden et al., 2007).  An e-

prescribing system would allow for the medication management process to be made 

electronic (Cusack, 2008).   
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 Canada Health Infoway (CHI) is helping fund the development of an e-prescribing 

system for Canada (Canada Health Infoway, 2010); however, CHI has been criticized by 

informatics and clinical experts for failing to develop, fund or work with healthcare 

professionals on clinically relevant projects that might accelerate e-prescribing or a 

national EHR (Webster & Kondro, 2011).  

One of the major barriers to e-prescribing is the lack of adoption of basic 

electronic medical record (EMRs) systems by physicians in Canada (Silversides, 2010). 

For the medication management process to be made electronic, physicians need to be 

comfortable with prescribing electronically. Only 16% of physicians across Canada 

exclusively use EMRs, while 34% use a combination of paper records and EMRs (Biro et 

al., 2012). This is an indication that some prescriptions are being generated electronically; 

however, the majority is still written by hand. Studies of successful EMR 

implementations have found that when physicians with e-health expertise champion a 

project, it often leads to successful implementation (Keshavjee et al., 2001; Ludwick & 

Doucette, 2009). This may also be the case for e-prescribing when users champion the 

system.  Physicians, along with the many other stakeholders involved, including 

pharmacists, pharmacy corporations, nurses, other healthcare workers, patients, and 

vendors need to have their major requirements and concerns addressed before an e-

prescribing system can be successful. Some of this work in the context of e-prescribing 

systems has been done by other researchers, such as Bell et al. (2007) with RAND, who 

used stakeholder feedback to evaluate proposed features of an outpatient e-prescribing 

system. This research, however, was conducted for e-prescribing systems in the United 
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States. Another major issue for e-prescribing is the lack of evidence of important clinical 

benefit.  A systematic review examining the effectiveness of information technology in 

medication management found that the evidence suggests little to no improvement in 

clinical outcomes after implementing these technologies (McKibbon et al., 2011).  In 

addition to this, current systems have produced harm in the form of several types of 

unintended errors, including increased mortality, and faulty design (McKibbon et al., 

2011; Campbell et al., 2006).  Because the unintended consequences of e-prescribing 

systems are almost always found after the systems are implemented (McKibbon et al., 

2011), it may be of use to analyze workflow patterns before implementing an e-

prescribing system (Johnson & FitzHenry, 2006).  

  Process modeling, or workflow modeling, is a method that is used to visually 

represent the operations of a system (Bandara, 2005).  Process modeling allows for 

activities, entities, and the relationships between them to be visually represented 

(Bandara, 2005). Other researchers, such as Bell et al. and Johnson & FitzHenry have 

developed and used workflow diagrams to analyze the medication management process 

and evaluate (Bell et al., 2004) or potentially inform the design (Johnson & FitzHenry, 

2006) of e-prescribing systems. Aside from representing and clarifying current 

workflows, a workflow diagram of Canadian medication management in the community 

could help clarify the shortcomings in the handwritten process and where technology 

might help.  

Our systematic review of the literature (Chapter 2) identified three studies that 

developed workflow diagrams or process models of Canadian medication management 
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systems (Abrams & Carr, 2005; Zamora et al., 2006; Nickerson et al., 2008). Only one of 

these studies (Nickerson et al., 2008) used their diagram to analyze processes and this was 

in an inpatient setting. No study appears to have evaluated input from the much larger 

community medication management environment in Canada. 

!"#$%&'($)*

To build a workflow diagram that accurately depicts the processes involved in the 

handwritten medication management process for the community setting, validate this 

diagram, and then use it to obtain feedback from key stakeholder groups as to the 

shortcomings in this process and where technology might help.  

+,*-$&.!/)*

+,0*/$($1!2'34*&.$*5!6781!5*/'9469-*

We aimed to develop a workflow diagram that encompassed the prescribing, 

transmission, dispensing, and monitoring phases of the handwritten medication management 

process, as this is the most common form of prescribing in Canada.  Team members with 

expertise in e-health, clinical pharmacology, family medicine, internal medicine, health 

policy, and research methods, developed the initial diagram by iterative review and 

discussion using PowerPoint. Figure 1 displays the initial workflow diagram.  



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

Figure 1. Initial Workflow Diagram 
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While PowerPoint was suitable for the initial development of the diagram, we 

decided it was more appropriate to use software that was designed to build models.  We also 

wanted to use software that had simulation capabilities, as we deemed this important for 

future work.  Two members of the research team (AG and KK) formally evaluated 10 

modeling software systems using the following criteria: ease of use, capabilities and features 

of the software, access to resources and training, and cost. Table 1 displays the results of the 

evaluation.  Arena (Rockwell Automation, Inc., Pittsburgh, PA) was selected as the 

modeling software to build our process model. Arena allowed for better model transparency 

and therefore useful feedback from stakeholders.  

Table 1. Results of Evaluation of Modeling Software 
 

 
EV1 - results from the first evaluator, EV2 - results from the second evaluator, Consensus - results 
from the consensus between the two evaluators. Scale: 0 = feature does not exist, 1 = poor, 2 = fair, 
and 3 = good/excellent. For each modeling tool the price varied depending on (1) if it was going to 
be used for commercial or academic use, and (2) the modeling features available. All prices were 
converted from U.S. Dollars to Canadian Dollars using the exchange rate on February 19, 2012 and 
were rounded to the nearest dollar. 
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The workflow diagram was rebuilt from PowerPoint in Arena using a transition to 

a standard language for modeling business processes known as Business Process 

Modeling Notation (BPMN) (zur Muehlen & Recker, 2008).  One of the advantages of 

BPMN is the use of ‘swim lanes’ to group processes into distinct categories for different 

responsibilities (zur Muehlen & Recker, 2008).  These swim lanes were useful to separate 

the different processes according to the user performing the process. Once the diagram 

was built in Arena, team members, a pharmacist, and two individuals with an information 

technology/modeling background reviewed the model for accuracy and completeness. 

The workflow diagram is displayed in Figures 2-4 according to the phases of medication 

management. Definitions of the processes can be found in Appendix 5.   
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Figure 2. Workflow Diagram – Prescribing 
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 The participants in this study were all stakeholder representatives - individuals who 

had some involvement in the outpatient (community-based) medication management process 

in Canada.  They comprised three groups: physicians, pharmacists, and members of the 

public (or select others).  A convenience sample of stakeholders was recruited from Ontario. 

!"!"!$5'&'$6+,,)7&3+2$$$

The study used semi-structured interviews with stakeholder representatives to 

obtain feedback on the medication management process.  The feedback process was 

guided by a questionnaire (displayed in Table 2), which required stakeholders to use the 

workflow diagram to answer the questions and to talk out loud while providing feedback.  

The questionnaire was developed by members of the research team and was designed to 

obtain quantitative and qualitative feedback on 3 key areas: (1) the validity of the 

workflow model itself (i.e. at face value, those who have knowledge of the community-

based medication management process believe that the workflow diagram appears to be 

an accurate representation of the actual process), (2) the problems in the existing 

handwritten process, and (3) where information technology might be helpful. 

Research ethics approval was obtained from McMaster University’s Research 

Ethics Board (Hamilton, ON) (project # 09-470-S). After signing informed consent, each 

participant was interviewed individually by one investigator (AG), and each interview 
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was audio recorded. Participants were first presented with a print version of the workflow 

diagram that is depicted in Figures 2,3 and 4. They were given time to review the 

workflow diagram and were then presented with the questionnaire to guide them through 

the feedback process.  

 

Table 2. Questions for Stakeholder Feedback on the Workflow Diagram 

 

 

1.a) This flow diagram illustrates a realistic/believable representation of the actual handwritten drug 
prescribing and dispensing process in Canada 

1   2   3   4   5 

Strongly  Disagree  Undecided  Agree   Strongly Agree 

Disagree 
   
b) 

If your answer to (a) is less than 5, discuss what could be done to make the flow diagram a more 
realistic/believable representation of the actual handwritten drug prescribing and dispensing system 
in Canada 

2. Where are problems most common in the handwritten drug prescribing and dispensing process? 
Note: A “problem” is a part of the process that is inefficient or where errors occur. (Please circle 
the problem points with the red pen and discuss your answers out loud). 

3. Of the problem points circled in question 2, which are the ones that are most likely to cause harm 
to patients? (Please circle the problem points with the blue pen and discuss your answers out loud) 

4. Of the problem points circled in question 2, which are the ones that are most likely to be fixable? 
(Please circle the fixable problem points with the green pen and discuss your answers out loud) 

5. Where can computers/information technology help in the prescribing and dispensing process in 
terms of reducing harm to patients? (Please underline the process(es) with the black pen and 
discuss your answers out loud) 

6. Where can computers/information technology help in the prescribing and dispensing process in 
terms of increasing efficiency? (Please underline the process(es) with the red pen and discuss your 
answers out loud) 

7.  Where can computers/information technology help in the prescribing and dispensing process in 
terms of reducing harm to patients AND increasing efficiency? (Please underline the process(es) 
with the green pen and discuss your answers out loud) 
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Figure 3. Workflow Diagram – Transmission and Dispensing 
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Figure 4. Workflow Diagram – Monitoring/Patient Compliance 
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Participants were provided with coloured markers to circle or underline (i.e. 

rate) processes on the workflow diagram, as these ratings were to be tabulated when 

analyzing stakeholder feedback.  The first section of the questionnaire was a Likert scale 

statement that asked participants to rate their perceived accuracy of the diagram.  The 

next section focused on identifying the problems in the paper-based medication 

management process, including those most likely to harm patients and those most likely 

to be fixable. A problem, as we defined it, was a part of the process that was inefficient or 

where errors occurred. The final section focused on identifying where information 

technology (IT) (i.e. computers or electronics) could help in the paper-based medication 

management process to reduce harm to patients and/or increase efficiency. Stakeholders 

could rate multiple processes for each question, but for “most likely to harm” and “most 

likely to be fixable”, stakeholders could only rate processes if they had previously rated 

these processes as “problem processes”. 

!"!"#$%&'&$()&*+,-,$
   

The ratings of the workflow diagram were categorized according to stakeholder 

group and tabulated. The audio recordings of interviews were analyzed for content and 

the verbalizations (or qualitative comments) of stakeholders were coded by AG. 

Qualitative comments were categorized according to stakeholder group and tabulated. 

Participant privacy was ensured by erasing audio recordings of interviews once they were 

analyzed for content, and by removing any identifiers from the content used. 
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A total of 15 stakeholder representatives participated from June to September of 

2011, including 5 physicians (2 with existing paper-based system, 3 using an EMR to 

prescribe; 4 family physicians, 1 specialist), 5 community pharmacists (2 using Kroll 

software (by Kroll Computer Systems Inc., Toronto), 2 using Nexxsys (by ProPharm 

Limited, Markham), and 1 using Healthwatch Next Generation (by Shoppers Drug Mart 

Corporation, Toronto)), and 5 others, including 3 lay public, one Chief Information Officer 

(CIO) for a community hospital, and a representative of a Canadian pharmacy information 

system vendor.  

!"0#$+)123&#.4#5.$,4(.5#/1+3$+6#+2/#7'+(1)+)18%#9.66%2)&#.4#
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 Ratings of the workflow diagram (i.e. processes that were circled or underlined by 

stakeholders) are displayed in Table 3. Process ratings are displayed according to each 

stakeholder group as well as the total group of stakeholders. The definitions of these 

processes are in Appendix 5. For the results from questions 2 through 7, we focus on those 

processes rated by the majority of each stakeholder group (3 or more of each group of 5) and 

those processes rated by 5 or more of the total group of 15 stakeholders. The qualitative 

comments of stakeholders were the result of open-ended questions. This resulted in much 

variation in the verbal feedback we received.  As a result, we only included those qualitative 

comments where 5 (minimum 1/3 of respondents) or more of the group of 15 had stated a 

point. The last question posed to stakeholders as to where IT could help reduce harm to 
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patients AND increase efficiency caused confusion to stakeholders as some felt that they had 

already answered this question in the previous two questions, and so it was decided to not 

include stakeholder feedback for this question. The coded qualitative comments of 

stakeholders are displayed in Appendix 6.  Those comments deemed most relevant and 

important are included as quotations in Appendix 7.   
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Table 3. Processes of the Medication Management Process That Stakeholders Rated 

 
MD = physician, Pharm = pharmacist, Rx = prescription.  The bolded numbers in the light grey boxes highlight the areas of consensus that were        
identified by 5 or more of all stakeholders for that particular category.  34 processes are included in this table (taken directly from the Workflow            
Diagram in Figures 2,3, and 4).  See Appendix 5 for definitions of processes. 
 



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

 

!"#"$%&'(%)*+,-.*/%0123+24%5(163%7(2.1891:%
 

All 15 stakeholders agreed (n = 6) or strongly agreed (n = 9) that the workflow 

diagram illustrated a realistic representation of the actual handwritten drug prescribing and 

dispensing process in Canada. Those that selected agree instead of strongly agree gave the 

following main reasons:  

(a) lack of familiarity with all the processes; e.g., a member of the public not being 

familiar with all pharmacy processes,  

(b) minor disagreement with how we modeled one or more processes; e.g., a 

pharmacist stated that patients usually see the pharmacist first, not the physician, if they have 

issues with taking their medications; and  

(c) diagram viewed as a template that could differ on a case by case basis; e.g., a 

member of the public stated that adding more disease states could change the processes. 

!"#"#%;+*<.(4291:%;+*:(88(8%%

In terms of processes that cause inefficiencies or errors, the processes rated by a 

majority (i.e. 3 or more) of each stakeholder group were as follows: physicians perceived (a) 

call back to physicians by the pharmacists, and (b) patients taking their medications as 

problematic processes; pharmacists perceived only generating the prescription (by the 

physician) as a problematic process; and public members perceived (a) drug checking by the 

physician, (b) generating the prescription (by the physician), and (c) whether or not the 

prescription was filled by the patient as being problematic processes.  



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

The processes rated by 5 or more of all stakeholders are highlighted in Table 3.  The 

top rated problematic processes were (a) generating the prescription (by the physician) (9/15 

(60.0%)), (b) drug checking by the physician (6/15 (40.0%)), and (c) call back to physician 

(by the pharmacist) (6/15 (40.0%)).  

From the qualitative comments of stakeholders we find that when stakeholders rated 

generating the prescription (by the physician) as a problematic process, stakeholders meant 

that prescriptions were illegible.  We also find that by rating drug checking by the physician 

as a problematic process, stakeholders meant that physicians do not have a full list of 

medications the patient is taking. 

!"#"!$%&'()*+,-./$%&'/*00*0$1'0-$2.3*)4$5'$6,70*$8,&+$5'$%,-.*9-0$

There were no processes that the majority of physicians or pharmacists rated as most 

likely to harm patients. A majority of members of the public perceived that problems with 

drug checking by the physician were most likely to harm patients.  The top problematic 

processes most likely to cause harm to patients that were rated by 5 or more of all 

stakeholders were (a) generating the prescription (by the physician) (6/15 (40.0%)), and (b) 

drug checking by the physician (5/15 (33.3%)).    

Although processes such as the physician assessing the patient, the doctor giving the 

prescription to the patient, and the pharmacist receiving the prescription were initially 

selected by one or more stakeholders as being problematic processes, none of the 

stakeholders rated these as most likely to cause harm to patients (i.e. no stakeholder 

perceived these problematic processes as causing harm to patients).   
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From the qualitative comments of stakeholders we find that when stakeholders rated 

generating the prescription (by the physician), stakeholders meant that illegible prescriptions 

were a problem that was most likely to harm patients.  An additional problematic process 

most likely to cause harm to patients was found from the qualitative comments of 

stakeholders: the physician selecting the drug or the dose for the prescription. 

!"#"$%&'()*+,-./0%&'(0+11+1%2(1.%3/4+*5%6(%7+%8,+9-)*+%6(%:,;'(<+,+9.%

In terms of problematic processes most likely to be fixable, the processes rated by the 

majority of each stakeholder group were as follows: physicians did not agree on any process; 

pharmacists perceived generating the prescription (by the physician) as being amenable to 

improvement; and members of the public perceived (a) drug checking by the physician, and 

(b) generating the prescription (by the physician) as being amenable to improvement. The 

top problematic processes rated by 5 or more of all stakeholders as being fixable were (a) 

generating the prescription (by the physician) (8/15 (53.3%)), and (b) drug checking by the 

physician (6/15 (40.0%)).  

Although one or more stakeholders rated processes such as the pharmacist receiving 

the prescription, whether or not there are any issues with patients taking their medications, 

and the patient completing the course of medication as being problematic processes in the 

handwritten system, no stakeholder rated these as being most likely to be fixable (i.e. no 

stakeholder perceived these problematic processes as being amenable to improvement).   

From the qualitative comments of stakeholders an additional problematic process 

most likely to be fixable was identified: call backs/fax to physician.  
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 The parts of the medication management process where IT could help in reducing 

harm to patients rated by the majority of each stakeholder group were as follows: physicians 

perceived (a) drug checking by the physician, and (b) selecting medication (by the physician) 

as amenable to improvement by IT to help in reducing harm to patients; pharmacists only 

perceived drug check by pharmacist as being amenable to improvement by IT to help in 

reducing harm to patients; and members of the public perceived (a) review patient chart (by 

the physician), (b) drug checking by the physician, and (c) generating the prescription (by 

the physician) as being amenable to improvement by IT to help in reducing harm to patients. 

The processes rated by 5 or more of all stakeholders are highlighted in Table 3. The top rated 

processes amenable to improvement by IT to help in reducing harm to patients were (a) drug 

checking by the physician (8/15 (53.3%)), and (b) generating the prescription (by the 

physician) (7/15 (46.7%)). 

 Some processes, such as the physician assessing the patient, issues from drug 

checking by pharmacist, and the physician resolving the issues from call backs by 

pharmacists were not perceived by any stakeholders as amenable to improvement by IT to 

help in reducing harm to patients.  

 From the qualitative comments of stakeholders, we find that when stakeholders rated 

drug checking by the physician as being amenable to improvement by IT to help in reducing 

harm to patients, stakeholders meant that physicians would be provided with a complete list 

of medications the patient is taking and complete patient history.  



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

!"#"$%&'()*+,-.)'%/012')3)45%6&/7%8)-0'-.,335%903:(;3%&'%&'1*0,<.'4%=((.1.0'15%%

 The processes where IT could help to increase efficiency as rated by the majority of 

each stakeholder group were as follows: physicians perceived (a) drug checking by the 

physician, (b) drug checking by the pharmacist, and (c) call back to the physician (by the 

pharmacist) as amenable to improvement in efficiency through the use of IT; pharmacists did 

not agree on any process; and members of the public perceived (a) drug checking by the 

physician, and (b) generating the prescription (by the physician) as amenable to 

improvement in efficiency through the use of IT.  The top rated processes by 5 or more of all 

stakeholders as being amenable to improvement in efficiency through the use of IT were (a) 

drug checking by the physician  (7/15 (46.7%)), (b) generating the prescription (by the 

physician) (6/15 (40.0%)), and (c) drug check by pharmacist (6/15 (40.0%)).    

 Some processes such as the physician resolving issues from call backs by 

pharmacists, whether or not there were any issues with a patient taking their medication, and 

the patient stopping medication due to issues, were not perceived by any stakeholders as 

amenable to improvement in efficiency through the use of IT.  

From the qualitative comments of stakeholders, an additional process was 

identified as being amenable to improvement in efficiency through the use of IT: 

eliminating the manual entry of prescriptions into the pharmacy information system. 
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Given the lack of workflow diagram development and validation for community-

based medication management in Canada, we believe that our study is an important addition 

to the literature. Our 34-step workflow diagram, which mapped out 11 prescribing, 4 

transmission, 11 dispensing, and 8 monitoring processes was found to be transparent and 

accurate by stakeholders and they were able to use it as a reference to discuss current 

problems with paper-based medication management and where e-prescribing might help.  

Validation of a diagram is an important step as assurance that the diagram accurately reflects 

the actual system.  All stakeholders at least agreed that the workflow diagram illustrated a 

realistic representation of the actual handwritten drug prescribing and dispensing process in 

Canada, with the majority (9 of 15) strongly agreeing with this. This suggests face validity. 

Other workflow diagrams of Canadian medication management processes that have been 

developed (Abrams & Carr, 2005; Zamora et al., 2006; Nickerson et al., 2008) range from 

very basic (e.g., only mapping out a few processes) to detailed.  The most detailed of these 

diagrams (Nickerson et al., 2008) was of a hospital inpatient setting that modeled only 16 

processes compared to our 34, missed the entire monitoring/patient compliance phase, and 

did not report any validation.   

Stakeholders were able to use our workflow diagram to rate processes throughout 

the medication management process.  In terms of problematic processes, stakeholders were 

able to identify specific processes where they perceived errors or inefficiencies are 

occurring. Stakeholders were also able to identify specific problematic processes that they 

perceived as being most likely to cause harm to patients. The top problematic processes and 
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those most likely to cause harm identified by stakeholders were drug checking and 

generating the prescription by the physician. The perceived problems and perceived harms 

identified by stakeholders can be summarized into three themes: poor quality or lack of 

information (e.g., incomplete patient records), poor method of documentation (e.g., illegible 

prescriptions), and non-adherence by patients (e.g., patients not taking their medications). 

The perceptions of our stakeholders in terms of problems and harms were similar to what has 

been found in other studies (Thomsen et al., 2007; Bates et al., 1995).  Besides using the 

workflow diagram to identify perceived problems and perceived harm, stakeholders were 

also able to use the diagram to identify specific problematic processes that they felt could be 

fixed. Finally, stakeholders were able to use the diagram to identify specific processes where 

they perceived IT as being helpful in either reducing harm to patients or increasing 

efficiency. The processes that were identified by stakeholders as being most amenable to 

improvement by IT to help in reducing harm to patients or increasing efficiency were drug 

checking and generating the prescription by the physician. The perceptions of our 

stakeholders as to where IT has potential value can be summarized into three themes: 

improving the method of documentation (i.e., when generating the prescription), providing 

more complete and better quality of information (e.g., complete patient records), and 

improving patient adherence. 

There are some limitations to our study. The 15 stakeholders were all from 

Ontario and were under the same Provincial legislation governing medication management.  

As there are limited differences between the Provinces and Territories in terms of medication 

management, this may limit for some aspects the ability to generalize our findings across 
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Canada. Another limitation is that we did not include all prescribers as stakeholders.  Non-

physicians may have provided valuable feedback as prescribing is done by certain groups of 

non-physicians in Ontario. Question design may have hindered stakeholder ability to identify 

process areas likely to cause harm to patients and likely to be fixable, as these questions 

were contingent on the previous question of identifying problematic processes. Simpler 

terms could have been used to identify processes on the workflow diagram, as this would 

avoid any ambiguity. Finally, this study relied on the opinions and feedback of a small group 

of stakeholders, which are perceptions and may not necessarily be true.   

Several implications come from our study in terms of e-prescribing development. 

Firstly, we have demonstrated that it is possible to use a workflow diagram as an illustrative 

tool to engage stakeholders from various backgrounds and bring them to a common platform 

for discussing e-prescribing. Stakeholders were able to provide their perceptions not only 

about processes that they performed, but were also able to provide feedback on processes 

performed by other stakeholder groups with relative ease. Secondly, we were able to map out 

the handwritten prescribing and dispensing system into detailed steps, which allowed 

stakeholders to identify actual processes rather than speak of general problems and solutions. 

Identifying specific processes is important when developing an e-prescribing system as it 

allows system developers to focus on specific areas of improvement and is more likely to 

address the specific concerns of each stakeholder group. Finally, this study provides 

preliminary identification of perceptions of stakeholders in terms of problematic processes in 

the current medication management process and where IT may be of benefit. Although the 

number of stakeholders that participated in this study was small and there was generally a 
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lack of consensus amongst stakeholders, two processes were consistently rated by 

stakeholders as the top processes for each question asked: (1) drug checking by the physician 

and (2) generating the prescription by the physician. Due to the small number of 

stakeholders involved, system developers can consider and focus attention to these two 

processes when it comes to examining the pathways that need to be developed for e-

prescribing; however, ongoing user stakeholder involvement is required to obtain a more 

accurate understanding of the perceptions of stakeholders and to ensure that e-prescribing 

systems are useable and meet their high safety and reliability goals. Now that this diagram 

has been developed and validated, it can be used by system developers to better understand 

what changes need to be made to the current paper-based medication management system 

based on the feedback of larger groups of stakeholders. Focus groups with stakeholders from 

different groups participating in the feedback process simultaneously, including non-

physician prescribers, may be of value as the different groups can understand each other’s 

perspectives as part of the discussion and not simply resort to blaming each other for the 

problems found in the current system.  

!"#$%&$'()*%&##

A workflow diagram can be used to better understand current processes, the steps 

required for a proposed system, and can be used to seek opinions of stakeholders when 

developing e-health initiatives. Stakeholders perceived drug checking and generating the 

prescription by the physician to be the top problematic processes and suggested that these 

could be improved by e-prescribing; however, ongoing stakeholder involvement with 
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larger groups of stakeholders is required to obtain a more accurate estimate of the 

perceptions of those involved in community-based medication management in Canada.  
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At the time of conducting the systematic review of the literature (Chapter 2), it 

was not known the extent to which computer simulation modeling and process modeling 

have improved medication management systems, including informing the design of an e-

prescribing system for Canada. The systematic review revealed that simulation modeling 

has been used to make predictions as to how electronic prescribing systems, either 

existing or planned, might perform. These models were used to predict changes to task 

times, the number of errors, costs, and other variables. Since this review revealed that 

researchers are using simulation models to predict the performance of e-prescribing 

systems, it might seem like a viable option to test an e-prescribing system before actually 

developing the system. However, a major flaw found in all of these studies was that none 

reported whether the model predictions were validated by the actual e-prescribing 

systems, which makes it very difficult to assess the usefulness of these models. 

Furthermore, there is no information in the publications that any of these models 

improved or informed the design of actual e-prescribing systems. Further research 

examining the accuracy of these models is definitely needed to prove the utility of 

simulation models for e-prescribing systems.   

The systematic review also revealed that process or workflow modeling is a tool 

that has not been widely published or potentially adequately explored for analyzing 

Canadian medication management processes. Only one study (Nickerson et al., 2008) 

actually used a workflow diagram as a tool to analyze a medication management process 
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in Canada. Although there is no evidence of workflow diagrams having any impact on e-

prescribing development in Canada, there is evidence that workflow diagrams can be 

used to analyze Canadian medication management processes. 

The workflow diagram that was built and then validated by stakeholders (Chapter 

3) made it easy to obtain feedback from stakeholders.  Stakeholders were able to pinpoint 

actual processes that they perceived as problematic or where e-prescribing could be of 

benefit. Due to the limited number of stakeholders in this study and the limited consensus 

concerning processes, it cannot be stated for certain that the perceptions of stakeholders in 

this study are representative of the broader population of stakeholders in Canada. It can 

be stated that it is possible to use a workflow diagram to engage stakeholders from 

various backgrounds and bring them to a common platform to discuss e-prescribing.  

As for future research, it may be of benefit to use this workflow diagram to obtain 

the feedback of larger groups of stakeholders. Larger groups of stakeholders may provide 

a more accurate representation of the perceptions of stakeholders in the broader outpatient 

Canadian medication management community. These perceptions, or stakeholder 

requirements, could then be taken into consideration by system developers when 

developing an e-prescribing system for Canada. Another potential option that could help 

with informing the design of an e-prescribing system would be to develop a simulation 

model of the paper-based medication management process and use this model to 

determine the shortcomings of the paper-based system from a different angle by 

examining specific variables, such as process times. This could help system developers 

determine which processes need to be improved or changed when developing an e-
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prescribing system. Developing this simulation model is realistic as paper-based 

medication management systems are in place in Canada from which data can be obtained 

to populate the model.  Furthermore, the predictions of this model can be validated by 

comparing the model predictions to the performance of the actual paper-based system.  

Aside from using workflow diagrams and simulation modeling to inform the 

design of an e-prescribing system, other factors need to be considered before there will be 

a functioning e-prescribing system in Canada. Users of the system, including physicians, 

non-physician prescribers, pharmacists, and to a certain extent patients, need to be 

comfortable with using IT. As pharmacies already employ information systems, the 

transition to e-prescribing may not have a large impact on pharmacists. The majority of 

prescriptions are still written by hand in Canada, which is evident by the lack of adoption 

of EMRs by physicians (Biro et al., 2012). Because of this, the prescribing and 

transmission processes will need to undergo considerable changes to be made electronic. 

Early adoption of EMRs by physicians could ease the transition to e-prescribing, as most 

of the electronic processes for prescribing would be the same. Thus, it may be of benefit 

to make the adoption of EMRs mandatory to pave the way for an e-prescribing system. 

Measures also need to be put in place to prevent unauthorized access to electronic records 

and there will need to be a secure method for transmission of prescriptions electronically. 

A thorough analysis of these methods needs to be performed to determine which ones are 

most suitable for health information. Another factor to consider is the development of a 

comprehensive drug information system (DIS), which is a central component of e-

prescribing. Physicians, pharmacists, payers, and possibly others will need to be 



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

connected to the DIS and have real-time access to information such as medication history 

and the latest drug interaction information. It also needs to be decided whether the DIS 

will be managed provincially (i.e. one DIS per Province or Territory) or municipally (i.e. 

multiple DISs per Province or Territory). One final factor that is an essential aspect to 

implementing an e-prescribing system is end-user satisfaction. Process modeling, if 

employed properly, could help to achieve stakeholder buy-in as stakeholder requirements 

could be assessed and addressed prior to implementing the system.    
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MEDLINE (using Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and 
Ovid MEDLINE(R) 1946 to Present) – Searched January 26th, 2012 
 
1 Computer Simulation/    
2 Systems Theory/  
3 exp Systems Analysis/   
4 ((accident or comput* or process or queuing or systems or theoretical or workflow? 

Or work-flow?) adj2 (model* or simulat* or microsimulat*)).ti,ab. 
 

5 (model* adj2 simulat*).ti,ab.  
6 ((systems or queuing) adj2 theor*).ti,ab.  
7 or/1-6  
8 Quality of Health Care/  
9 Outcome and Process Assessment (Health Care)/  
10 Process Assessment (Health Care)/  
11 exp Program Evaluation/  
12 Quality Assurance, Health Care/  
13 Quality Improvement/  
14 Guideline Adherence/  
15 Efficiency, Organizational/   
16 Technology Assessment, Biomedical/  
17 Cost-Benefit Analysis/   
18 ((accident or process or systems or theoretical or workflow? Or work-flow?) adj2 

(model*)).ti,ab. 
 

19 (systems adj2 analys#s).ti,ab.  
20 or/2,3,8-19  
21 Drug Therapy, Computer-Assisted/  
22 Electronic Prescribing/  
23 Clinical Pharmacy Information Systems/  
24 exp Medication Systems/  
25 (electronic* adj (deliver* or dispens* or medication? or prescribing or 

prescription?)).ti,ab. 
 

26 (e-dispensing or e-prescription? or e-prescribing or e-ps).ti,ab.  
27 exp Hospital Information Systems/  
28 ((medication* or pharmaceut* or prescription? or drug*) adj2 (deliver* or dispens* 

or order* or prescribing)).mp. 
 

29 ((medication* or pharmaceut* or prescription? or drug*) adj2 system?).mp  
30 Decision Support Systems, Clinical/  
31 exp Medical Records Systems, Computerized/    
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32 ((decision support or hospital information or medical record?) adj system?).ti,ab.  
33 or/21-32  
34 exp Drug Prescriptions/  
35 ((drug* or handwritten) adj2 (prescri*)).ti,ab.   
36 or/33-35  
37 (Canad$ or British Columbia$ or Alberta$ or Saskatchewan$ or Manitob$ or 

Quebe$ or Ontari$ or Nova Scotia$ or Newfoundland$ or Labrador$ or 
Prince Edward Island$ or New Brunswick$ or Northwest Territor$ or Yukon$ or 
Nunavut$).in,mp. 

 

38 7 and 33  
39 20 and 36 and 37  
40 or/38-39  
 
 

EMBASE 1974 to 2012 week 03 (using OVID) – Searched January 26th, 2012 
 
1 exp Computer Simulation/    
2 Systems Theory/  
3 exp System Analysis/  
4 ((accident or comput* or process or queuing or systems or theoretical or workflow? 

Or work-flow?) adj2 (model* or simulat* or microsimulat*)).ti,ab. 
 

5 (model* adj2 simulat*).ti,ab.  
6 ((systems or queuing) adj2 theor*).ti,ab.  
7 or/1-6  
8 Health care quality/  
9 Total quality management/   
10 Practice guideline/   
11 Organization and management/    
12 Biomedical technology assessment/  
13 Cost benefit analysis/   
14 Qualitative analysis/   
15 ((accident or process or systems or theoretical or workflow? Or work-flow?) adj2 

(model*)).ti,ab. 
 

16 (systems adj2 analys#s).ti,ab.  
17 or/2,3,8-16  
18 Computer assisted drug therapy/  
19 exp Computerized provider order entry/   
20 Medical information system/  
21 Hospital organization /  
22 Multihospital system/   
23 exp Hospital information system/  
24 (electronic* adj (deliver* or dispens* or medication? or prescribing or 

prescription?)).ti,ab. 
 

25 (e-dispensing or e-prescription? or e-prescribing or e-ps).ti,ab.  
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26 ((medication* or pharmaceut* or prescription? or drug*) adj2 (deliver* or dispens* 
or order* or prescribing)).mp. 

 

27 ((medication* or pharmaceut* or prescription? or drug*) adj2 system?).mp  
28 Decision support system/  
29 Medical record/    
30 ((decision support or hospital information or medical record?) adj system?).ti,ab.  
31 or/18-30  
32 Prescription/  
33 ((drug* or handwritten) adj2 (prescri*)).ti,ab.  
34 or/31-33  
35 (Canad$ or British Columbia$ or Alberta$ or Saskatchewan$ or Manitob$ or 

Quebe$ or Ontari$ or Nova Scotia$ or Newfoundland$ or Labrador$ or 
Prince Edward Island$ or New Brunswick$ or Northwest Territor$ or Yukon$ or 
Nunavut$).in,mp. 

 

36 7 and 31   
37 17 and 34 and 35  
38 or/36-37  

CINAHL 1975 to December 2011 (using EBSCO) – Searched January 26th, 2012 
 
1 Computer Simulation/    
2 Systems Theory/  
3 exp Systems Analysis/   
4 TX accident N2 model* (Exclude MEDLINE records)  
5 TX  Accident N2 simulat*(Exclude MEDLINE records)  
6 TX Accident N2 microsimulat*(Exclude MEDLINE records)  
7 TX Comput* N2 model*(Exclude MEDLINE records)  
8 TX Comput*N2 simulat*(Exclude MEDLINE records)  
9 TX Comput*N2 microsimulat*(Exclude MEDLINE records)  
10 TX process N2 model*(Exclude MEDLINE records)  
11 TX process N2 simulat*(Exclude MEDLINE records)  
12 TX process N2 microsimulat*(Exclude MEDLINE records)  
13 TX queuing N2 model*(Exclude MEDLINE records)  
14 TX queuing N2 simulat*(Exclude MEDLINE records)  
15 TX queuing N2 microsimulat*(Exclude MEDLINE records)  
16 TX Systems N2 model*(Exclude MEDLINE records)   
17 TX Systems N2 simulat*(Exclude MEDLINE records)  
18 TX systems N2 microsimulat*(Exclude MEDLINE records)  
19 TX Theoretical N2 model*(Exclude MEDLINE records)  
20 TX theoretical N2 simulat*(Exclude MEDLINE records)  
21 TX theoretical N2 microsimulat*(Exclude MEDLINE records)  
22 TX Workflow? N2 model*(Exclude MEDLINE records)  
23 TX Workflow? N2 simulat*(Exclude MEDLINE records)  
24 TX Workflow? N2 microsimulat*(Exclude MEDLINE records)  
25 TX Work-flow? N2 model*(Exclude MEDLINE records)  
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26 TX Work-flow? N2 simulat*(Exclude MEDLINE records)  
27 TX Work-flow? N2 microsimulat*(Exclude MEDLINE records)  
28 TX model* N2 simulat* (Exclude MEDLINE records)  
29 TX queuing N2 theor* (Exclude MEDLINE records)  
30 TX systems N2 theor* (Exclude MEDLINE records)  
31 or/1-30  
32 Quality of Health Care/  
33 Quality Assessment/  
34 Process Assessment (Health Care)/  
35 Program Evaluation/  
36 Quality Assurance /  
37 Quality Improvement/  
38 Guideline Adherence/  
39 exp Organizational efficiency/   
40 Cost Benefit Analysis/   
41 TX accident N2 model* (Exclude MEDLINE records)  
42 TX process N2 model*(Exclude MEDLINE records)  
43 TX Systems N2 model*(Exclude MEDLINE records)  
44 TX Theoretical N2 model*(Exclude MEDLINE records)  
45 TX Workflow? N2 model*(Exclude MEDLINE records)  
46 TX Work-flow? N2 model*(Exclude MEDLINE records)  
47 TX systems N2 analys?s (Exclude MEDLINE records)  
48 or/2,3,32-47  
49 Drug Therapy, Computer-Assisted/  
50 Electronic Order Entry/   
51 Clinical Pharmacy Information Systems/  
52 Medication Systems/  
53 TX electronic* N1 deliver*(Exclude MEDLINE records)  
54 TX electronic* N1 dispens*(Exclude MEDLINE records)  
55 TX electronic* N1 medication? (Exclude MEDLINE records)  
56 TX electronic* N1 prescribing (Exclude MEDLINE records)  
57 TX electronic* N1 prescription? (Exclude MEDLINE records)  
58 TX (e-dispensing or e-prescription? or e-prescribing or e-ps) (Exclude MEDLINE 

records) 
 

59 Hospital Information Systems/  
60 Clinical Information Systems/   
61 TX medication* N2 deliver*(Exclude MEDLINE records)  
62 TX medication* N2 dispens*(Exclude MEDLINE records)  
63 TX medication* N2 order*(Exclude MEDLINE records)  
64 TX medication* N2 prescribing (Exclude MEDLINE records)  
65 TX pharmaceut* N2 deliver*(Exclude MEDLINE records)  
66 TX pharmaceut* N2 dispens*(Exclude MEDLINE records)  
67 TX pharmaceut* N2 order*(Exclude MEDLINE records)  
68 TX pharmaceut* N2 prescribing (Exclude MEDLINE records)  
69 TX prescription? N2 deliver*(Exclude MEDLINE records)  
70 TX prescription? N2 dispens*(Exclude MEDLINE records)  
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71 TX prescription? N2 order*(Exclude MEDLINE records)  
72 TX prescription? N2 prescribing (Exclude MEDLINE records)  
73 TX drug* N2 deliver* (Exclude MEDLINE records)  
74 TX drug* N2 dispens*(Exclude MEDLINE records)  
75 TX drug* N2 order*(Exclude MEDLINE records)  
76 TX drug* N2 prescribing (Exclude MEDLINE records)  
77 TX medication* N2 system? (Exclude MEDLINE records)  
78 TX pharmaceut* N2 system? (Exclude MEDLINE records)  
79 TX prescription? N2 system? (Exclude MEDLINE records)  
80 TX drug* N2 system? (Exclude MEDLINE records)  
81 Decision Support Systems, Clinical/  
82 exp Patient Record Systems/    
83 TX decision support N1 system? (Exclude MEDLINE records)  
84 TX hospital information N1 system? (Exclude MEDLINE records)  
85 TX medical record? N1 system? (Exclude MEDLINE records)  
86 or/49-85  
87 Prescriptions, Drug/  
88 TX drug* N2 prescri*(Exclude MEDLINE records)  
89 TX handwritten N2 prescri* (Exclude MEDLINE records)  
90 or/86-89  
91 TX (Canad* or British Columbia* or Alberta* or Saskatchewan* or Manitob* or 

Quebe* or Ontari* or Nova Scotia* or Newfoundland* or Labrador* or 
Prince Edward Island* or New Brunswick* or Northwest Territor* or Yukon* or 
Nunavut*) (Exclude MEDLINE records) 

 

92 31 and 86   
93 48 and 90 and 91  
94 or/92-93  
 



!"#$"%&'()*)%+%,"%-'./01%!$!.)2(3%4/*5(3)*20%+%67($238/*$%9(.72'%
%

% %:;%

!""#$%&'()*(+#,-./(+0-,0#1&#2(34-(5-#6(7&0#-,08-#(+48-.#2(

  
The following sources were searched for grey literature: 

 
• AHRQ Knowledge Library (for conference proceedings, white papers, and other 

papers from proceedings) 
o Searched AHRQ Knowledge Library December 27, 2011 for the terms: 

!  “Simulation Model”.  
! “workflow model Canada”.  
! “process model Canada”.  

• CIHI (Canadian Institute for Health Information) 
o Searched CIHI on January 11, 2012 for: 

! “electronic prescribing simulation model” 
!  “workflow model”, exact phrase 
!  “process model”, exact phrase 

• Canada Health Infoway 
o Searched CHI on January 11, 2012 for: 

! “electronic prescribing simulation model” 
!  “drug prescribing model” 

• PapersFirst, ProceedingsFirst, and WorldCat.org (for conference proceedings, 
congresses, and symposia)  

o Searched PapersFirst on January 10, 2012 for the keywords: 
! (kw: electronic and kw: prescribing) and kw: model 
!  (kw: drug and kw: prescribing) and kw: model 

o Searched ProceedingsFirst on January 10, 2012 for the keywords: 
! (kw: electronic and kw: prescribing) and ((kw: simulation and kw: 

model))  
! (((kw: drug and kw: prescribing)) and kw: model) and kw: canada 

and ln= "english" 
o Searched WorldCat.org on January 10, 2012 for: 

! (kw: electronic and kw: prescribing) and ((kw: simulation and kw: 
model)) and la= "eng" 

!  (((kw: drug and kw: prescribing)) and kw: model) and kw: canada. 
• Google  

o Searched Google on December 27, 2011 for “electronic prescribing 
simulation model”.  

o Searched Google on December 31, 2011 for “drug prescribing process 
model Canada”.  
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• Winter Simulation Conference  
o Searched Winter Simulation Conference archive on January 11, 2012  

! Searched the “health care” section from the year 1996 to 2010 
• Websites for vendors of simulation software  

o Searched the website for the software vendor Arena on January 11, 2012 
! Searched the section “health care simulation” 

o Searched the website for the software vendor Stella on January 11, 2012 
! Searched for “electronic prescribing” 
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IF THE STUDY IS ABOUT A SIMULATION MODEL: 
 
1. Was the study published after 1975?     Yes     No 
2. If yes, is the study about a simulation model?    Yes      No 
3. If yes, is the study about an electronic prescribing system or a CPOE system? Yes   No 
4. If yes, is the study discussing the entire drug prescribing and dispensing process?    

   Yes     No 
5. If yes, does the study discuss the outcome of using the simulation model?  Yes    No 
 
If All 5 answers above are “yes”, then include.  If any of the above answers is “no”, then 
exclude.  Please provide the reason(s) for exclusion.   
 
 

IF THE STUDY IS ABOUT A PROCESS MODEL: 
 
1. Was the study published after 1975?     Yes     No 
2. If yes, is the study about a Canadian drug prescribing and dispensing process? 

Yes     No 
3. If yes, is the study discussing the entire drug prescribing and dispensing process?    

Yes     No 
4. If yes, was an actual process model described/developed?             Yes    No 
 
If All 4 answers above are “yes”, then include.  If any of the above answers is “no”, then 
exclude.  Please provide the reason(s) for exclusion.   
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Data extraction form (one per study evaluated) 

 
PART 1: COVER SHEET 

 
Study ID #:   

First author:  Data extracted by:  

Journal:  Date of completion:  

Year:  Final status: 

Category of Study: 

! Simulation model of electronic 
prescribing system 
 

! The use of process modeling to describe 
the prescribing and dispensing process 
in Canada (whether electronic or 
handwritten) 

Type of publication: 

! full paper 

! abstract 

! conference proceeding 

! unpublished report 

! dissertation 

other: 

___________________________________ 

Author contacted? 

! Yes 

! No 

Author responded? 
! Yes 
! No   
! Not applicable 
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PART 2: BASELINE DATA & POPULATION 

(please circle the correct option and write in where necessary) 
 

Year of study (if more than one 
year, report start and stop years) 

NR If reported: 

Where did the study take place? 
(specify Country) 

NR If reported: 

NR Qualitative (i.e. data in 
the study is non-

numerical) 
 

Specify: 

Quantitative (i.e. data in the 
study is numerical) 

 
Specify: 

Study design  

Other: 
 

Type of setting in the study: NR Inpatient Out-patient Both Other: 
Type of system in the study: NR Hand-

written 
prescribing 

system 

E-
prescribing 

system/ 
CPOE 

Both Other: 

Did the study discuss the 
complete prescribing & 
dispensing system (whether 
handwritten or electronic) 

NR Yes  No 

Study Population 
 
 
What is the primary unit of 
study? 
 

eRx 
/CPOE 
system 

Prescribing
/dispensing 
process 

Patients Health 
care 
providers 

Other 
(specify) 

If patients are the primary unit of 
study, what was the target group 
of patients?   
 

 

If applicable, how many groups 
were being studied? 

 

Other relevant information on study setting and population: 
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PART 3: INTERVENTION 
(please circle the correct option and write in where we ask “Other”) 

Type of 
intervention (for 
simulation 
model of eRx 
system ONLY) 
 

N
R 

Process Simulation 
model 

Other type of computer simulation model (Specify) 
 

Method of 
analysis (for 
process model of 
Rx/eRx process 
ONLY) 

N
R 

Process 
Model 

 

Process 
analysis 

Systems 
analysis  

Workflow 
analysis 

Quality 
assurance  

Evaluation Other 
(Spec-

ify) 

Control N
R 

If reported, what was the intervention being compared to?: 
 

 

  
Duration of 
Intervention  

N
R 

If reported  

Fidelity/ 
Integrity (was 
the intervention 
delivered as 
intended?) 
 

N
R Yes  No Other (specify) 

Other relevant information on intervention: Describe the model here in detail –  
 

1. What is the primary unit of study in the model? (for simulation model of eRx 
system ONLY) 

# of prescriptions going through the model.  Specify number ___________ 

# of patients going through the model. Specify number ____________ 

# of medication errors or adverse drug events. Specify number __________ 

Efficiency. Specify ________________ 

 Other. Specify ____________ 
 

 
 
NR 

2. How long did the simulation model run for? (for simulation model of eRx system 
ONLY) 
Specify duration and unit of measure ______________________ 
 
How many replications of the simulation were done? __________ 
 

NR 
 
 
NR 
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3. Please check all phases of the drug prescribing and dispensing process that were 
modeled: 

Prescribing                                  Dispensing  

Transmission of prescription     Patient compliance  
 

 
NR 
 

4. Explain the method that was used to determine the processes in the model 
(simulation model or process model) 

  
 
 

 

NR 

 
5. Explain how data was obtained to populate the simulation model (for simulation of 

eRx system ONLY) 
 
 

 
 

NR 

6. a) Was the model (simulation model or process model) validated before it was 
used? 

 

Yes             No          NR 
 
b) If yes, explain what validation method was used.  
 

 
 

 

     
      7.   What software was used to develop the model?        
 
 

NR 

 
 
     8.  Were the primary users of the system/process involved in developing the model?  If 
yes, specify their level of involvement.  
 
 
    

NR 

    
    9.  Were test scenarios run and the simulation model debugged before it was used in the 
study? (for simulation model of eRx system ONLY) 
 

  Yes             No          NR 
 

 

 
    10.  Any other important details about the intervention:  
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PART 4: OUTCOMES 

(please circle the correct option and write in where we ask “Other”) 

 
PART 5: RESULTS 

(please circle the correct option and write in where we ask “Other”) 

What was the primary outcome 
measure? (as defined by the authors) 

 
 
 

If applicable, what was the 
secondary outcome measure? (as 
defined by the authors) 

NR  

Survey Questionnaire Interview Focus 
Group 

Physical 
measure-

ment 

Observation    

Method(s) of assessing outcome 
measures (select all that apply): 

Other (specify) 

Were incomplete outcome data 
adequately addressed? 

NR Yes No Unclear 

Are reports of the study free of 
suggestion of selective outcome 
reporting?  

NR Yes No Unclear  

Were outcome measurement tools 
validated?  

NR 
 

Yes No 
 

Unclear 
 

Were outcome assessors blinded to 
the intervention? 

NR Yes No Unclear  

For Simulation Model of eRx system 
ONLY 
 
 
 
 
 
 
 

NR 
 
 

Simulation modeling 
influenced or resulted in 
a change in the design 
of an eRx system (this 
includes existing eRx 
systems and systems 
still being designed)  
 
State results of study: 
 
 
 
 
 
 
 
 
 
 
 

Simulation 
modeling did not 
influence or result 
in a change in the 
design of an eRx 
system (this 
includes existing 
eRx systems and 
systems still being 
designed) 
 
State results of 
study:  
 
 
 
 
 
 
 

For Simulation Model of eRx system 
ONLY 
 
 
 
 
 
 
 

NR 
 
 

Simulation modeling 
influenced or resulted in 
a change in the design 
of an eRx system (this 
includes existing eRx 
systems and systems 
still being designed)  
 
State results of study: 
 
 
 
 
 
 
 
 
 
 
 

Simulation 
modeling did not 
influence or result 
in a change in the 
design of an eRx 
system (this 
includes existing 
eRx systems and 
systems still being 
designed) 
 
State results of 
study:  
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For Process Model of Rx/eRx 
process ONLY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NR The model influenced 
or resulted in a change 
in the design of a 
handwritten or 
electronic prescribing 
process (this includes 
existing processes/ 
systems as well as 
processes/ systems still 
being designed)  
 
State results of study: 

 
 

The model did not 
influence or result 
in a change in the 
design of a 
handwritten or 
electronic 
prescribing process 
(this includes 
existing processes/ 
systems as well as 
processes/ systems 
still being 
designed)  
 
State results of 
study: 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Was the process model used to 
actually measure workflow? (for 
process model of Rx/eRx process 
ONLY)  

NR Yes (specify)  No 
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This table highlights the coded qualitative comments that were made by stakeholders during interviews. 
Comments that were made by at least 5 out of 15 stakeholders are included in the table. MD = physician. 
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:51;.#-,2&<(:51<#33#3( “Even once it's filled, there’s no verification if the patient actually did take it 

or not. And there's no verification that if the doctor prescribes a medication 
that the patient is actually got it filled because of doctors and pharmacies 
are not connected, so that doctor will never even know that medication has 
even been filled” 
Pharmacist 
 
“If it's a paper chart, then it's difficult reading the chart because sometimes 
(in) the paper chart it's hard to see all the information that you need”. 
Physician  
!
“Generating the Rx is a huge huge huge one (i.e. problem), because it's 
handwriting, and at best that in and of itself allows for, not only difficulty 
reading, but also being manipulated. There is a number of people out there 
that can have the ability to change numbers, drugs, strengths for their own 
purposes.” 
Public member!

:51;.#-,2&<(:51<#33#3(
=132(>&6#.?(21(@,03#((
A,5-(21(:,2&#$23((

“This one is a huge issue… if we’re talking specifically with handwriting 
prescriptions where a pharmacist misreads the prescription, and it happens    
time and again, and it’s not that they’re guessing that “oh yeah, I think it’s  
that”. That happens a lot, where “is it this, or is it that?”.    That’s not what    
I’m talking about, it’s where you look at a prescription and you think it’s one 
thing but it’s actually another”. 
Pharmacist 
!
“If the prescription is not legible there is a significant chance of problems, 
or if it's hand entered incorrectly, I suppose that could also be a problem.” 
Physician!
!

:51;.#-,2&<(:51<#33#3(
=132(>&6#.?(21(;#(
!-#$,;.#(21(
B-"519#-#$2((

“Whether or not the actual prescription is ever filled or not, that’s a patient 
choice, although to the extent that in an electronic system you can be aware 
of prescriptions that were never filled, it allows you follow-up, so I would 
say that's also again you can improve it. Again the fact that you follow-up 
with the patient, it doesn't actually necessarily change their behavior.” 
Physician  
 
“If they (i.e. the physician) can get something where they have up to date 
information as opposed to going to these preprinted books that could be  
outdated, they would have more accurate information and be able to decide 
whether that would work for the patient or not.” 
Public member!
!
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“If there's a central database, which only computers could possibly hold, then 
that would provide a complete list of the medications, so therefore doctor     
would have a full history, pharmacist would have a full history, and it would be in 
a way a secure form of prescribing. Also, the doctor … through the computer   
use would know exactly if the patient got the medication filled, the only part of  
the problem I guess would still be the patient's honesty, the patient can get it  
filled but him actually   taking it at home is the only part I can see is the 
downside.” 
Pharmacist 
 
“Drug interactions and drug allergy (i.e. Drug checking). This could be on the 
patient's profile, we can highlight which drugs the patient is allergic to and     
then there is software now that can tell you whether the drug you're     
prescribing will interact with this drug. So I think that can be solved with the 
computer very quickly.” 
Physician  
 
“Streamlining the communication between the physician and to the pharmacy, 
taking the patient out of the loop.” 
Public member 
*

!"#$%&'()$"****
+,-."$/$01*2$(,"()'//1*
3,/4#5/*)"*!"-%,'8)"0*
9##)-),"-1**

“So if he’s ( the physician)!got a prescription for a pharmacist!… he can enter  
all of his information in there, the same information is accessed in the   
pharmacy, and  the pharmacist can just sort of print that prescription 
immediately in the pharmacy. There’s none of this where you give it to the  
patient and the patient takes it there,  they fax it or, instead of faxing there is    
like an electronic way of transferring the prescription electronically” 
Pharmacist 
 
“…If interactions pop up in there than that saves the pharmacist from actually  
putting down and having to phone the doctor. So let’s say there’s two very 
classical drug interactions going on in a prescription. The way the system is  
right now, unless the physician is aware of it, he’ll send it to the pharmacist,     
the pharmacist will maybe discover the drug interaction, call the doctor, try to 
change it, but if there was a system that would flag him (i.e. the physician)     
right away that there is a drug interaction here, then that would save a lot of   
time of both parties” 
Pharmacist 
 
“It takes extremely mature electronic systems to beat the speed of writing the 
prescription, but you can write a very harmful prescription fast, so I'm quite  
confident you can … improve efficiency in some circumstances, specifically the     
refill process where you got the patient on multiple medications who comes in 
and says ‘I need all my medications refilled’, you can certainly be more    
efficient about that …” 
Physician  
!

 


