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Synopsis of the dissertation  

This synopsis sets the scene for the dissertation, defines the scope, and aims, and serves as an 

introduction to the problem areas addressed. Topics covered in this section is broadly 

discussed throughout the dissertation and in the included papers. 

Scope and aim 

In an overall perspective, challenges regarding drug therapy affects patient safety in all stages 

throughout the healthcare service, i.e., at hospital admission, during a hospital stay, at 

discharge, and in the primary healthcare setting. The research project presented in this 

dissertation originated from drug-related challenges at admission to a Norwegian emergency 

department (ED), and thus focus on the hospital admission-phase.  

Medication discrepancies (MDs) and drug-related problems (DRPs) are common among 

patients admitted to EDs. In addition, it has been revealed recent years that drug-related ED 

visits are a considerable concern. The following topics and questions thus provided the basis 

for the dissertation and study aims: 

 For decades researchers have investigated prevalence of MDs between different sources to 

patients’ drug lists. Resulting in numerous studies reporting consistent results: Drug lists 

registered at hospital admission are often not reflecting patients’ actual drug use. Why are 

MDs still a problem at hospital admission? Patients’ drug lists are traditionally obtained 

and registered in the ED, and in Norway and several other countries this task is assigned 

to physicians. Can ED physicians’ prioritization between different tasks be a contributing 

factor to the occurrence of MDs?  

 Medication reconciliation (MR) and medication review is methods broadly implemented 

and used in hospital departments for identifying MDs and DRPs, respectively. Can these 

methods be tailored to be efficient and feasible in the ED setting? Further, can 

implementation of such methods in the ED setting impact clinical outcomes for ED 

patients?  

 Drug-related hospital admissions (DRHAs) are common and has clinical consequences for 

the patients and economic consequences for the healthcare system. But what is known 

about drug-related ED visits? 
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The overall aim of the research project and this dissertation was to study factors affecting 

drug-related patient safety in the ED, by investigating drug information flow, DRPs, and 

drug-related admissions. Furthermore, in a randomized controlled trial (RCT), investigate if a 

pharmacist-led intervention comprising ED medication review could improve patients’ 

clinical and post-discharge outcomes.  

Included studies – aim and design 

Four studies with different perspectives on drug-related patient safety in the ED were 

conducted to achieve the overall aim:  

 The first study, presented in paper I, investigated the frequency of clinically relevant MDs 

at admission to the ED with a cross-sectional study design. Further, characteristics of 

patients with clinically relevant MDs were identified to develop a prioritizing model. This 

study also tested a redesigned working model for conducting MR in the ED. 

 In the second study, presented in paper II, the tested working model from the first study 

were broadened. The impact of a pharmacist-led intervention, consisting of MR and 

medication review, on clinical outcomes was investigated with a RCT in the ED setting. 

 The third study, presented in paper III, investigated the prevalence and risk factors of 

drug-related ED visits in the intervention group from the RCT through a retrospective 

cohort study design.  

 The perspective in the fourth study, presented in paper IV, was turned to gather 

knowledge regarding ED physicians working patterns, with specific focus on the time 

spent on drug-related activities. This was investigated with a time-motion study design.  

Main results  

The main findings from these studies underlined that both clinically relevant MDs and drug-

related ED visits are critical concerns when patients are admitted to the ED, as this affects 

62% and 20% of ED patients, respectively. It was revealed that obtaining drug lists at 

admission is a fragmented process for ED physicians, on which they spend an average of 4 

minutes per hour. Furthermore, documentation regarding drug-related ED visits was low 

among physicians. The studies revealed that integrating clinical pharmacists in the 

interdisciplinary team of the ED improves the quality of the registered drug list and can 

increase recognition of drug-related ED visits. The presented prioritizing model for MR and 

identified risk factors for drug-related ED visits is valuable when identifying high risk patients 

in need of a thorough evaluation of their drug list. The pharmacist-led intervention 
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investigated in the RCT, did not impact clinical outcomes. However, this study provided 

valuable information regarding how to tailor the working models for MR and medication 

review additionally to the ED setting. 

Conclusion 

The four conducted studies have added new knowledge regarding drug information flow, 

drug-related ED admissions, and tailoring of pharmacists-led ED MR and medication review 

interventions. This dissertation challenges the existing procedures where physicians are 

assigned the task of drug history taking at admission to the ED. Furthermore, increased 

awareness, tailored interventions, and willingness to take action are necessary to address the 

identified factors of concern regarding drug-related patient safety for patients admitted to the 

ED.  
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1 Background 

1.1 Emergency Department 

The organizing of EDs are different across countries, and occasionally even within countries 

(1). Steptoe et al. aimed to create a universal understanding of what is meant by the term ED 

(1). Two criteria which must be fulfilled for a facility to be defined as an ED was provided; 1) 

the provision of immediate, often stabilizing, care for patients with emergent medical needs, 

and 2) provides a base level of availability and accessibility (i.e., available 24 hours per day, 

7 days per week, 365 days per year) with no restriction on who can access that care (1). In 

Norway, as in several other countries the EDs are hospital-based, meaning located in acute 

care hospitals. Thus, in this dissertation ED-activities will be discussed based on a hospital-

based ED structure.  

The main purpose of a hospital-based ED is to prioritize patients related to the acuteness of 

their symptoms, and further to examine and diagnose patients, initiate time-critical treatment, 

and determine the adequate level of care for each patient (2-4), i.e., admission to a hospital 

department, transferred to another hospital, or directly discharge from the ED. A hospital-

based ED thus serves as a gatekeeper for hospital admissions.  

An ED is different from a hospital department. As a result of the gatekeeper role, patients 

with a broad variety of symptoms and complaints present to the ED. Hospital departments are 

on the other side more specialized and treat narrower patient groups e.g., a cardiological 

departments treats patients with cardiovascular diseases, and an orthopedic department 

handles fractures and related complaints. Further, the length of stay (LOS) distinguishes EDs 

from hospital departments, LOS in EDs are counted in minutes or hours (5), whereas LOS at 

hospital departments are counted in days (6).    

1.1.1 The Norwegian healthcare system 

Similar to the other Nordic countries, the main actors of the Norwegian healthcare service are 

public and funded predominantly by taxation (7). The pre-hospital organization in the 

Norwegian healthcare system has a different structure than the healthcare systems in other 

countries (8, 9) (Figure 1). Most inhabitants in Norway are assigned to a general practitioner 

(GP) (“fastlege”) and all municipalities are obliged to provide emergency services outside the 

GPs opening hours through the municipal emergency clinics (“legevakt”). GPs and 
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the municipal emergency clinics have a gatekeeper function and handle less severe conditions. 

Patients with more severe conditions where an ED visit is necessary, need a referral from a 

GP, a physician at the municipal emergency clinic, a nursing home physician, or are 

transported directly by the emergency medical services (9). In 2014, two thirds of acute 

admissions to Norwegian hospitals were referred by a GP or a municipal emergency clinic 

physician. The rest were direct admissions of different kinds, e.g., patients admitted from 

nursing homes, hospitals out-patient clinics, or directly admitted by ambulance services (10, 

11). 

 
Figure 1. Patient pathways in the Norwegian healthcare system. Patients need a referral from general 
practitioner, physician at the municipal emergency clinic or transportation by the emergency medical service to 
be admitted to a hospitals’ emergency department. Patients can also be referred from physicians at the hospital 
out-patient clinic to the emergency department. 

1.1.2 Patient population 

According to estimates from 2013 the annual number of patients presenting to EDs in Norway 

was 180 visits per 1000 citizens (12). Denmark had a similar ED admission rate at 196 visits 

per 1000 citizens (13). Further, corresponding annual estimated numbers for the United 

Kingdom (UK), Australia and United States of America (USA) was >400 visits per 1000 

citizens (13). Sweden has a similar organization of their healthcare system as the latter 

countries (12), and therefore most likely has a higher ED admission rate compared with 

Norway and Denmark. The discrepancy is mainly explained by the pre-hospital organization 

of the healthcare systems in Norway and Denmark, where primary healthcare personnel 

handle patients with less severe conditions (12).  
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Studies have reported that the comprehensive pre-hospital organization of the healthcare 

system in Norway (Figure 1), leads to a selected patient population presenting to Norwegian 

EDs (8, 9). Compared with EDs in other countries, a higher percentage of high-level acute 

patients (based on triage, Figure 3) are referred to Norwegian EDs, and a higher percentage of 

patients are hospitalized after the ED-stay in Norway (8). Approximately 50% of patients 

admitted to the ED in a Norwegian study were older than 65 years (8), indicating that 

Norwegian ED patients is older than ED patients included in studies from other countries (14-

16). 

According to the World Health Organization (WHO) the number of hospital discharge per 

100 citizens has been stable in most countries the last 30 years (17). With a growing world 

population this indicates an increase in absolute numbers of hospital admissions, and most 

likely also ED visits. In 2018, Norwegian hospitals handled over 1.6 million adult patients 

admitted to hospital departments (18). However, due to the variability in organization of EDs 

between and within countries, annual numbers of ED visits are not routinely reported, thus 

international overview statistics are not available. 

1.1.3 Physician’s role 

Physicians’ main tasks in the ED is to diagnose and initiate acute treatment of admitted 

patients, and to determine the adequate level of care for each patient (2). To elucidate the 

patients’ presented symptoms, obtaining information regarding patients’ medical history and 

drug history is essential. Further, to inform the next level of care (i.e., personnel at hospital 

department or healthcare personnel in the primary healthcare) regarding conducted 

examinations and initiated treatment, documentation in patient record is an important task for 

ED physicians. To ensure safe and efficient treatment of patients, ED physicians must 

communicate with ED colleagues (19, 20). Due to the fast-paced workflow and the 

continuous patient flow to the ED, physicians are forced to distribute their time to ensure that 

all admitted patients receive adequate emergency care. Figure 2 is a graphical depiction of key 

events ED physicians and other personnel in the ED are involved in during a patient stay in a 

Norwegian ED, i.e., standard care. 

Several countries have a tradition for specialised emergency medicine physicians working in 

the ED (21). There are few emergency medicine specialists in Norway as this physician 

speciality was first established here in 2017 (21). Therefore, most patients who are admitted 



16 
 

to a Norwegian ED do not meet an emergency medicine physician but a resident in e.g., 

internal medicine, surgery or orthopedic surgery. In Norway, the physician referring the 

patient to the hospitals’ ED sets a tentative referral diagnosis after assessing the patient’s 

symptoms and conducting an initial examination. The specialty of the resident who patients 

are assigned to see in the ED, thus depends on the pre-hospital tentative referral reason/ main 

complaint (8, 9). 

1.1.4 Drug history taking 

At arrival to the ED, patients’ drug use prior to the admission is obtained through drug history 

taking. A good drug history should comprise currently prescribed drugs, currently used over-

the counter drugs, and herbal or alternative drugs (22, 23). The following information should 

be obtained for each drug: the name of the drug, formulation (e.g. modified-release tablets), 

dosage, route of administration (e.g. oral, transdermal, by inhalation), and dosage frequency 

(22), altogether this information constitutes the patient’s current drug list. In addition, 

information regarding recently terminated treatment, previous adverse drug reactions 

including hypersensitivity reactions, and adherence to therapy should be obtained through the 

drug history taking (22). When obtained, the drug history is registered in the hospital’s patient 

record. If the patient is admitted to a hospital department following the ED visit, the current 

drug list is also register in the medication chart (Figure 2).  

The obtained drug history and registered current drug list is basis for further drug treatment 

during the ED visit and potential hospital stay. Drug history taking can be time consuming 

and challenging, thus some countries have implemented personnel, such as nurses or 

pharmacists to focus specifically on conducting this task in the ED (24-28). In Norway, and 

several other countries, responsibility for drug history taking is assigned to the ED physicians. 
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1.1.5 The fast-paced workflow  

The volume of patient admissions to an ED cannot be precisely predicted, and the need for 

emergency services can therefore occasionally exceed available resources for patient care 

(29), referred to as ED crowding (29, 30). Crowding is an increasing challenge in EDs 

worldwide (9, 31, 32). Systematic reviews have summarized consequences for patients during 

ED crowding; increased mortality, delayed assessment and care, increased LOS in the ED and 

hospital, risk of readmission, and exposure to errors (among these adverse drug events) (33, 

34). 

Asplin et al. have presented a commonly accepted conceptual framework for understanding 

the factors leading to ED crowding: the input – throughput – output model (35). The input 

component describes factors who influence the patient volume presenting to the ED. The 

throughput component describes internal ED processes, and factors which impact LOS is 

highlighted, e.g., effective ED triage and initial physician evaluation, and further diagnostic 

work up and treatment. Finally, the output component describes the accumulation of admitted 

patients, mostly dependent on the inability to move patients from the ED to a hospital 

department, e.g., because the in-hospital capacity is exceeded (35).  

According to Asplin et al. (35) an effective ED triage is an essential part in the first phase of 

the throughput component to prevent ED crowding. Most EDs use validated triage systems to 

prioritize patients at arrival, for instance Manchester Triage System (30, 36) (Figure 3). The 

prioritizing of patients ensures that patients are seen by an ED physician in order of severity 

of their presented symptoms rather than order of arrival to the ED (37). 

 
Figure 3. Triage categories used in Manchester Triage System (36). 
 
ED LOS is not a direct measurement of ED crowding, though identified as an important 

indicator (38), and this is also implied in Asplin et al.’s throughput component (35). ED 

crowding is related to the capacity of the ED; hence a local threshold must be defined to 
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measure ED crowding. ED LOS is often available through the hospitals’ patient record 

system, and therefore is a more accessible measure. ED LOS is used as a tool to monitor 

emergency care quality, and several countries have set a 4-hour time target for ED LOS (5). 

This time target mandated that 98% of admitted ED patients, should be assessed, treated, and 

discharged/ transfer from the ED to the adequate level of care, within four hours (5, 39). 

 

1.2 Drug-related errors and harm in emergency department 

Drugs are essential to manage symptoms, slow disease progression or to prevent the 

development of future illnesses in many conditions. However, drugs also have a risk of 

causing harm. According to a recent report from the Norwegian Directorate of Health, drug-

related injury is the most frequent cause of patient harm during hospital stays (40). High 

frequency of medication errors and patient harm is a considerable challenge also in other 

countries. A recent publication from UK (41) reported that approximately 66 million 

medication errors annually cause patients moderate or severe harm. Furthermore, a study 

investigating a random selection of all deaths within three Swedish counties, linking death 

certificates to relevant case records (hospitals, and/or primary care centers, and medicolegal 

files), found that 3.1% of deaths were caused by fatal adverse drug reactions (42). 

Drug-related errors and harm can affect patients in all healthcare levels. However, over 

several decades transitions of care have been identified as a key risk event regarding drug-

related patient safety (43, 44). WHO refers to transitions of care as the various points in the 

health care system where a patient moves to, or returns from, for the purposes of receiving 

health care (43). Admission to an ED is one example of a transition of care where patients are 

at increased risk of drug-related errors and harm (44-47). 

Terms describing drug-related errors, harm, and concerns 

In the literature, terminology used regarding drug-related errors, harm, and concerns is 

heterogenous and is often used interchangeably (48, 49). In addition, to the ambiguous 

terminology, there are numerous definitions and classifications for each term used in prior 

studies (49), and some of the terms are also overlapping. The following statements regarding 

different terms should not be interpreted as definitions, rather as explanation of terms used in 

this dissertation. 
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Medication errors  

A failure in the treatment process that leads to, or has the potential to lead to, harm to the 

patient (50). Hence, the term medication errors does not only cover harm or potential harm 

caused by drugs (51), because failures occurring during all stages in the treatment process are 

included (the process of prescribing, ordering, delivering, and administrating the drug (52)).  

Adverse drug events  

The term has been described differently over the last decades. However a recent report from 

WHO (44) supports this description: Any injury resulting from medical interventions related 

to a drug. This includes both adverse drug reactions in which no error occurred and 

complications resulting from medication errors (52). Adverse drug events caused by 

medication errors are generally considered to be preventable (53). It has been argued that the 

adverse drug events term is superfluous, due to the overlapping scope with medication errors 

and adverse drug reactions (54). However, the adverse drug events term is frequently used in 

prior studies aiming to investigate a broader range of drug-related concerns leading to patient 

harm, i.e., not only adverse drug reactions.  

Adverse drug reactions  

There is less dispute regarding the definition of adverse drug reactions, and the most 

frequently used is the definition provided by WHO: A response to a drug which is noxious 

and unintended and that occurs at doses used in humans for prophylaxis, diagnosis or 

therapy of diseases, or for the modification of physiological function (43). According to this 

definition, there is an established causality between a patient’s response and a drug used at 

normal doses (49).   

Adverse effects  

The term refer to the same phenomenon as adverse drug reaction (54). However, adverse 

effects are either suspected or attributed. Hence, the causality between a drug and an adverse 

effect described in a patient is not always definite (54, 55). 

1.2.1 Drug-related problems 

The early work by Hepler and Strand (56) regarding pharmaceutical care has formed the basis 

for later classifications of DRPs (57, 58). A commonly used definition of the DRP term is an 

event or circumstance involving drug therapy that actually or potentially interferes with 
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desired health outcomes (57). The DRP term comprises both processes that may result in 

harm (medication errors and potential harm) and observed harm (49), such as adverse drug 

reactions/adverse effects and adverse drug events. Identifying and solving DRPs can therefore 

lead to interventions targeting actual patient harm, such as manifested adverse drug reactions, 

and non-adherence leading to disease progression. Further, identifying and solving DRPs can 

also prevent harm that has not yet manifested, for instance through deprescribing where there 

is no valid indication, and handling drug-drug interactions before the patient get symptoms 

from an adverse drug reaction.  

Examples of DRPs are unnecessary drug treatment, sub-optimal dosing, drug-drug interaction, 

adverse drug reactions and need for additional drug treatment (58). An advantage of the 

existing DRP classifications is that they are patient-centric, which is valuable for identifying 

interventions that can prevent potential DRPs (49). However, this have led to some overlap of 

categories in DRP classifications. For instance, co-administration of citalopram and tramadol 

causing serotonin syndrome could be classified as both an adverse drug reaction and a drug-

drug interaction (49). 

DRPs have been associated with increased patient mortality and morbidity, and also increased 

healthcare service costs, due to increased LOS and DRHAs (59-63). A systematic review (64) 

summarized the most frequently reported risk factors associated with DRPs: polypharmacy, 

elderly patients (defined as over 65 years), female gender, poor renal function and the 

presence of multiple comorbidities. Further, risk of DRPs was linked to prescription of certain 

drugs or classes of drugs, among other thrombolytics/anticoagulants, cardiovascular agents, 

central nervous system agents and corticosteroids. These risk factors is in line with another 

systematic review summarizing risk factors for adverse drug events during hospital stay (65), 

underlining the overlapping and similarity of the terms.  

1.2.2 Incorrect drug lists and medication discrepancies 

The Institute for Healthcare Improvement states that poor communication regarding patients’ 

drug treatment at transition of care is the cause of 50% of all medication errors and 20% of all 

adverse drug reactions in hospitals (23). When comparing patients’ actual drug use before 

admission with the drug list registered by physicians at ED admission, prior studies has been 

revealed that over 60% of patients are registered with an incorrect drug list (14, 66-68). MD 
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are a frequently used term to describe any difference between the medication use history and 

the admission medication orders (44, 47).  

Examples of MDs are omission of a regular drug the patient has used, addition of a drug the 

patient has not used, and dosage discrepancies. Further, MDs may be intentional, 

undocumented intentional or unintentional (44, 47), where the latter two have negative effects 

on patient safety and quality of care (69-73). Prior studies have reported that unintended MDs 

can result in medication errors with the potential to cause patient harm if not identified and 

corrected (74, 75). Further, unintended MDs are mainly considered preventable and in DRP 

classifications-systems MDs are listed as an own category of concern (57, 58).  

Up to 27% of hospital prescribing errors have been linked to inaccurate or incomplete drug 

lists obtained by physicians in the ED (74). A Norwegian multi-centre study found that 80% 

of in-hospital patients had one or more MDs (72), and approximately 70% of the identified 

MDs were clinically relevant, i.e., of importance for the patient treatment. Increasing age, 

increasing number of used drugs, and surgical referral reason have been identified as risk 

factors for MDs at admission to the ED (76, 77).  

1.2.3 Drug-related emergency department visits and drug-related hospital admissions 

DRHAs caused by patients’ drug use are well studied and reported to be common (14, 62, 63, 

78-80). DRHAs have both clinical consequences for the patients and economic consequences 

for the healthcare system and society (81-83). Advancing age, comorbidity and increasing 

number of used drugs have been associated with a higher risk of DRHAs (62, 63, 78, 80). Due 

to the increasing worldwide challenge with ED crowding, there has been a growing interest in 

investigating drug-related ED visits during the recent decade (14, 78-80). Drug-related ED 

visits have been associated with a higher hospital admission rate compared with non-drug-

related ED visits (14, 78, 80). Furthermore, studies have revealed that 57-70% of drug-related 

ED visits may be preventable (16, 78, 84). 

There is, however, no universal consensus regarding the definition of a drug-related ED visit 

or DRHA. The reported prevalence in prior studies therefore varies widely between 1.3 and 

41.3% (14-16, 62, 63, 78-80, 85, 86). The reported prevalence from prior studies is highly 

influenced by the applied definition, the method used for detection and the investigated 

patient population. Regarding definitions, studies investigating drug-related ED visits/ 
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DRHAs solely associated with adverse drug reactions (15, 62) report a lower prevalence 

compared with studies investigating ED visits/ hospital admissions related to adverse drug 

events or DRPs (85, 87-89). Further, in the matter of detection methods, prospective studies 

are found to report higher prevalence compared with retrospective studies (81, 90). Finally, 

the included patient population has great impact on the reported prevalence. For instance, 

studies investigating older multimorbid patient in hospital departments (86, 91, 92) report 

higher prevalence compared with studies investigating more heterogenous populations 

admitted to the ED (14, 78, 80).  

Identifying drug-related ED visits/ DRHAs is challenging. Prior studies investigating this 

issue have used a range of methods, for instance retrospective classifications based on coding 

in patient records (15, 16), pharmacists prospectively classifying drug-related ED visits/ 

DRHAs according to sets of criteria (14, 78, 80), and assessments by expert panels (93, 94). 

Warlé-van Herwaarden et al. developed the Quick Assessment of Drug-Related Admissions 

over Time (QUADRAT) system to identify DRHAs more efficiently (95, 96). One 

disadvantage of the QUADRAT risk assessment tool is that the tool only examines adverse 

drug events due to overuse (97), i.e., adverse drug events due to prescription or use of more 

drugs that are clinically needed. Hence, when using the QUADRAT-tool, non-adherence and 

need for additional drug treatment is not included as possible causes of DRHAs (97). 

An additional concern regarding drug-related ED visits is the growing body of evidence 

suggesting that ED physicians do not recognize drug-related ED visits in the fast-paced 

workflow (14, 80, 98). If ED visits caused by drug-related issues are not identified during the 

stay in the ED, physicians might end up misdiagnosing and treating the symptoms instead of 

the actual problem (14). Hence, identifying patients with a drug-related referral reason early 

in the admission-process is found crucial to the patient safety (14, 84, 99).  

 

1.3 Actions to improve safety of drug therapy  

1.3.1 Medication reconciliation 

Medication reconciliation (MR) is a process recognized world-wide to prevent incorrect drug 

lists and MDs during transition of care (45, 100, 101). Despite the widespread use of MR in 

healthcare, there is not an established universal definition of the process. According to the 
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WHO an MR is the formal process in which health care professionals partner with patients to 

ensure accurate and complete medication information transfer at interfaces of care (101). 

Even though there is wide agreement regarding the essence of the MR procedure; to obtain 

the best possible medication history (45, 102), definitions vary regarding the scope and 

specific tasks included. Penm et al. published a consensus definition of MR in 2019: The 

process of creating the most accurate list possible of all medications a patient is taking and 

comparing that list against the prescriber's orders. In addition, the patient's allergies, history 

of side effects from medications and medication aids are listed with the goal of providing 

correct medication to the patient at all transition points within the health care system (102). 

When MR is conducted in the ED, it is often performed before medication orders are written. 

In these cases the MR definition provided by WHO (101) is most suitable, and the process can 

be referred to as drug history taking rather than MR (24, 25), however, these terms are used 

interchangeably.  

Prior systematic reviews have concluded that pharmacist-led MR programs at hospital 

transitions efficiently identifies MDs (45, 103-106). Decrease in adverse drug event-related 

hospital revisits, all-cause readmissions and ED revisits has been proposed as clinical 

outcomes of pharmacist-led MR programs (103, 106). Prior studies have also investigated 

pharmacy technicians (107) and nurses (108) performing MR, and concluded that MDs are 

efficiently identified by these professions.  

According to the Pharmaceutical Care Network Europe (PCNE), a correct drug history is 

basis when conducting medication reviews, hence an MR is an essential first step of a 

medication review (109). The MR process has been reported to be time consuming and 

resource demanding (66), and a systematic overview of systematic reviews (110) concluded 

that more research was needed to determine the most efficient procedure to conduct MR. 

1.3.2 Medication review 

According to the PCNE, a medication review is defined as a structured evaluation of a 

patient’s medicines with the aim of optimising medicines use and improving health outcomes. 

This entails detecting drug-related problems and recommending interventions (109). Further, 

PCNE classifies medication reviews into different levels considering information sources 

available (109): 

 Simple review: based solely on the patient’s medication history (type 1) 
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 Intermediate review: in addition to the patient’s medication history, this review also 

includes a patient interview (type 2a) or clinical data (type 2b) 

 Advanced review: includes the patient’s medication history, a patient interview and 

clinical data (type 3) 

Several prior studies investigating the impact of pharmacist-led interventions involving 

medication review have reported reduction in ED revisits and hospital readmissions (93, 111-

114). There are also several studies reporting no impact on clinical outcomes (115-117). 

Hence, systematic reviews on the subject conclude ambiguously. A Cochrane review found 

that medication review may reduce ED contacts, but found no evidence that medication 

review reduces mortality or hospital readmissions (118). Another systematic review and meta-

analysis concluded that medication review had a positive effect on most drug-related 

outcomes, but minimal effect on clinical outcomes, and no effect on quality of life (119). 

Several systematic reviews have however, supported the impact of pharmacist-led medication 

reviews, reporting positive effects such as optimized medication use (120-122), reduced costs 

(122), reduction in drug-related readmissions and all cause ED revisits (123). The impact of 

medication review performed in the ED on clinical outcomes is scarcely investigated (124).  

Conducting advanced medication reviews as described by PCNE (109), requires identification 

of DRPs using implicit criteria. Thus, combining knowledge of the individual patient’s 

symptoms and health status with knowledge of pharmacology and pharmacotherapy to 

identify DRPs. Personnel conducting medication review must therefore have adequate 

knowledge regarding all these areas. In addition, identifying DRPs through implicit criteria 

can be time consuming and resource demanding. To simplify the process, lists of 

inappropriate drugs and common prescribing omissions has been developed. These lists are 

referred to as explicit criteria (125), and examples of such lists is Beers-criteria (126, 127) and 

START/STOPP criteria (128, 129). However, studies have reported that only applying 

explicit criteria during medication review is inferior to identifying DRPs through implicit 

criteria with regards to actually optimizing patients’ drug treatment (125, 130). Primary 

studies included in prior systematic reviews investigating impact of medication review 

comprise both studies utilizing advanced medication review identifying DRPs, for instance 

Gillespie et al. (111), and studies applying explicit criteria, for instance Gallagher et al. (131). 

This diversity in prior studies medication review methods can contribute to explain the 

ambiguously conclusion regarding clinical impact of conducting medication review. 
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1.3.3 Integrated Medicines Management 

The Integrated Medicines Management (IMM)-model (114) was developed by pharmacists in 

Northern Ireland to ensure quality and safety of drug treatment at an individual level during 

hospitalizations (132). The IMM-model is a working model for clinical pharmacists and the 

overall aim of the introduction was to maximize health and achieve the best outcome for the 

individual patient through optimal use of drugs (114). The IMM-model comprises procedures 

at three steps during a hospital stay: 1) MR at admission, 2) medication review during the 

hospital stay and 3) MR and information both to the patient and to the next level of care, at 

discharge (114). Hence, in comparison with conducting separate medication review, the 

IMM-model represents a more continuous, seamless process where the patient is followed up 

during the entire hospital stay (109). 

In prior studies, implementation of the IMM-model has been reported to reduce LOS and 

prolong time to readmission (114), and further to reduce drug-related readmissions and all 

cause ED revisits (111).  

1.3.4 Pharmacists in emergency department 

The extent of clinical pharmacy services in the ED has developed internationally during the last 

20 years (24, 26, 28, 133). In the UK, pharmacy services in EDs have shifted during these 

years, from stock drug supply and prescription dispensing towards pharmaceutical care 

oriented service to optimize drug use for the individual patient (24). Australian ED pharmacist 

has also focused their service towards performing patient centric activities in traditional areas 

of practice, such as drug history taking, MR, medication review, discharge medication 

counselling, and clinical consultations (134). In the USA, residency programs specific to 

emergency medicine pharmacy are established (25, 135), thus, pharmacists are trained 

specifically to work in the ED. In addition to the traditional pharmacist activities the 

emergency medicine pharmacist service also includes rapid bedside response for acutely 

unwell patients and participation in cardiopulmonary resuscitation responses (25). Hence, 

there is variety in the ED pharmacy service models both between countries and even within 

countries (24, 26, 133, 134). Drug history taking/ MR is nevertheless reported to be an 

important task for ED pharmacists in many countries (24-28, 134).  

In Norway, integration of clinical pharmacists in direct patient care, and especially in EDs has 

progressed more slowly compared with other countries, and the majority of hospital 
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departments do not yet have access to clinical pharmacy services (136, 137). The IMM-model 

was chosen as the working model for all clinical pharmacists conducting patient-centric tasks 

in Norwegian hospitals (138). The clinical pharmacists working in Norwegian ED mainly 

conduct MR according to the procedure described in IMM, however, the methodology has not 

been systematically adapted to the ED setting. Further, no nationwide, standardized workflow 

for ED pharmacists has been established in Norway (139). 

Prior studies have reported that implementing pharmacists in ED care has led to a reduction of 

medication errors (140-143) and reduced delay of care (144). With regards to drug history 

taking, prior studies have reported that pharmacists obtain more accurate drug histories, than 

other professional groups, e.g., physicians, in the ED setting (77, 145-148). A study by 

Mogensen et al. (149) conducted in a Danish ED concluded that 25% of all included patients 

could benefit from a medication review by a pharmacist during the ED stay. Mogensen et al. 

revealed that 47% of the recommendations from ED pharmacists considered serious DRPs, 

which could lead to increased duration of treatment or permanent patient harm if not revealed 

and solved. The study also revealed that these serious DRPs had not been recognized by the 

ED physicians, and that they were especially prevalent among the elderly patients (149).  

Research related to the impact of ED pharmacists’ activities on clinical outcomes is scarce. 

One prior retrospective cohort study reported that implementing a clinical pharmacy 

specialist, which conducted MR and medication review, in an ED for Seniors, did not improve 

clinical outcomes (150). This study was later disputed by Awad et al. (151), which argued that 

the study had investigated a to narrow ED pharmacist role, and that clinical pharmacists are 

essential to the care of patients in the ED. 

1.3.5 Norwegian patient safety initiatives 

MR was one of several focus areas in the Norwegian Patient Safety Campaign initiated in 

2011 (152). Through the campaign-period healthcare personnel were encouraged to perform 

MR at all transitions of care. In the final report from the Norwegian Patient Safety Campaign, 

the authors concluded that the MR focus areas needed additional monitoring to be fully 

integrated and that common electronic patient records for primary and secondary healthcare 

could contribute to solve many of the problems related to MR (152). Hence, MR was also one 

of the focus areas of the Norwegian Patient Safety Program continuing the Patient Safety 

initiative from 2014-2018. A final evaluation report of the Norwegian Patient Safety Program 
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revealed that the MR focus area was one of the areas with lowest implementation of actions 

throughout the program-period (153). From 2019, the patient safety work in Norway has been 

founded in the National Action Plan for Patient Safety and Quality Improvement (154), and 

MR and medication reviews are underlined as important actions to improve patient safety 

with regards to drug treatment.  

The use of electronical support tools and shared electronical databases to improve healthcare 

service and patient safety has increased drastically the last decades. Electronical prescription 

databases or shared drug records have been reported to be essential with regards to improve 

the drug information flow in transitions of care (153, 155). In Norway, electronical 

prescription was introduced in 2013, and the Prescription Intermediary (“Reseptformidleren”) 

were the first nationwide, shared electronic system between primary and secondary healthcare 

in Norway (156). This database facilitated an overview of patients’ prescribed drugs, 

available for all prescribing physicians and dispensing pharmacies. The Prescription 

Intermediary is primarily a database for prescribing and dispensing drugs to the patient. Until 

January 2019 healthcare personnel had to obtain oral consent from the patient to use the 

Prescription Intermediary as a source to the patients’ drug list in emergency settings e.g., at 

hospital admission. The legislation was changed January 2019, requiring patients to actively 

block access if they did not consent to healthcare personnel accessing their prescription 

information. The Summary care record (“Kjernejournal”) were available for all Norwegian 

citizens at the end of 2017, which includes a short summary of information needed in 

emergency care, e.g., information about critical adverse drug reactions and overview of 

prescribed drugs (157). Access to the Summary care record through the hospitals’ patient 

record systems was, however, not nationally implemented until 2021. Both the Prescription 

Intermediary and the Summary care record represents easily accessible sources to information 

regarding patients’ prescribed drugs. The drug information available in the Summary care 

record is automatically updated based on prescription information in the Prescription 

Intermediary. 
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2 Knowledge gaps 

2.1 Working model and prioritizing model for medication reconciliation 
in emergency department To increase patient safety in the ED regarding MDs and 

incorrect drug lists, it is important to standardize the drug history taking procedure, for 

instance by implementing specially assigned personnel using the methodology of MR. Due to 

the fast-paced workflow in the ED, it is important to tailor a time-efficient working model for 

MR adapted to the ED setting. Pharmacist-led MR and drug history taking has been 

implemented in EDs in some countries (24, 27, 28, 158). There is, however, no consensus 

regarding the most efficient procedure to conduct MR (110), and procedures for personnel 

specifically assigned to conduct MR in Norwegian EDs are not developed.  

Due to the constant patient flow entering the ED and the limited resources assigned 

specifically to conduct MR/ drug history taking (158), prioritization is necessary. Identifying 

patients with high risk of clinically relevant MDs occurring at admission is key to an adequate 

prioritization for ED MR. Some prior studies have used literature-based criteria as risk factors 

for MDs (77, 159). Many different patient characteristics are proposed, but only a few are 

justified through calculated correlation with clinically relevant MDs (76, 160). A prioritizing 

model adapted to the clinical ED setting, for the purpose of identifying patients at high risk of 

clinically relevant MDs early during the admission process is not presented in prior studies.  

2.2 Pharmacist-led interventions in emergency department 

The previous RCTs investigating pharmacist-led interventions have included in-hospital 

patients (111, 113-115, 161, 162). The interventions in these prior studies has either 

concentrated on hospital discharge (113, 162), or demanded massive pharmacist resources due 

to follow-up such as following the patient during the entire hospital stay and/or contacting the 

patients, by phone after discharge (111, 114, 115, 161). As hospital resources in the real-

world setting is limited, studies investigating more pragmatic and more implementable and 

sustainable interventions are necessary. In addition, LOS in hospital has decreased worldwide 

the last decades (6). Therefore, investigating interventions conducted during the ED stay, i.e., 

early during the hospital admission is important. The impact of pharmacists-led medication 

review interventions conducted during the ED stay on clinical outcomes are scarcely 

investigated. 
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2.3 Drug-related emergency department visits 

In majority of the prior studies investigating drug-related ED visits, the ED visits were 

prospectively classified as drug-related or not (14, 78-80, 88, 89). The reported prevalence in 

these studies varies between 8.3-30.6%, the diversity can be explained by differences in the 

applied definitions, and age-diversity in study-populations. One prior study classified drug-

related ED visits retrospectively, according to coding in patient records and reported a 

prevalence of 4.5% (87). Only one prior study by Nickel et al. have used a combination of 

prospective and retrospective methods to identify drug-related ED visits (85). Nickel et al. 

only included ED patients admitted due to non-specific complaints, such as generalized 

weakness or general deterioration, and reported prevalence of drug-related ED visits to be 

12.2% (85). No prior studies have investigating drug-related ED visits in a general ED 

population, using a combination of prospective and retrospective methods. Also, prevalence 

of drug-related visits to Norwegian EDs has not previously been investigated. As the 

Norwegian healthcare system has a different structure than healthcare systems in other 

countries, international studies are not necessarily generalizable.  

2.4 Emergency department physicians’ working patterns and 
distribution of time  

Essential drug-related tasks, among other obtaining and documenting patients drug lists are 

assigned to physicians at ED admission in several countries (67, 107, 145, 146). Thus, it is 

important to investigate physicians’ working patterns, to highlight where workflow redesign 

is needed to improve patient safety regarding for instance MDs (163, 164). Work tasks of 

physicians in hospital departments have been investigated in several prior studies (20, 165-

168). However, work tasks performed by ED physicians are more scarcely investigated (19, 

169-171). These previous studies of ED physicians have focused on LOS, communication 

patterns, interruptions, multitasking, and time dedicated to direct patient care. There is a lack 

of studies focusing on what drug-related tasks ED physicians conduct and their distribution of 

time between drug-related and non-drug-related tasks.  
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3 Aims 

The overall aim of this dissertation was to study factors affecting drug-related patient safety in 

the emergency department (ED), by investigating drug information flow, drug-related 

problems, and drug-related admissions. Furthermore, in a randomized controlled trial, 

investigate if a pharmacist-led intervention comprising ED medication review could improve 

patients’ clinical and post-discharge outcomes.  

 

The specific aims of the studies were: 

Study I, presented in paper I:  

- To investigate the prevalence of clinically relevant medication discrepancies at 

admission to the ED  

- Develop a clinical prioritizing model, which can identify patients at high risk of 

clinically relevant medication discrepancies during the ED stay 

- To investigate how medication reconciliation methodology can be tailored to be 

efficient in the fast-paced workflow of the ED 

Study II, presented in paper II:  

- To investigate the impact of pharmacist-led ED medication reviews on patients’ 

clinical and post-discharge outcomes compared with standard care 

Study III, presented in paper III:  

- To investigate the prevalence of drug-related ED visits, with a combination of 

prospective and retrospective methods 

- To identify patient characteristics and drug-groups associated with drug-related ED 

visits 

Study IV, presented in paper IV:  

- To quantify how ED physicians distributed their time between various work task 

categories, with particular focus on the time spent on drug-related tasks 
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4 Methods 

4.1 Overview of study design and participants 

All studies presented in this dissertation investigate participants included in the ED at 

Diakonhjemmet Hospital, Oslo, Norway. Studies I, II and III included patients admitted to the 

ED. In addition, study I included a selection of ED physicians. Study IV included solely ED 

physicians. Table 1 presents an overview of data collection periods, included participants, 

utilized study design and inclusion/ exclusion criteria. 
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4.2 Study setting 

According to description of EDs given by Steptoe et al.(1), the ED at Diakonhjemmet 

Hospital, is a hospital-based, contiguous ED with triage to service, full-time, adult ED (1, 

172), hence an ED located in an acute hospital where medical and surgical emergencies are 

treated in one area. Further, patients are assessed by physicians who treat emergencies related 

to their specialty (not emergency medicine specialists), and the ED provides emergency care 

to adults, 24 h per day, 7 days per week, 365 days per year (172). 

During the data collection of study I (2014), the ED comprised 11 beds and a waiting room. 

The average LOS in the ED was 2.8 hours, and approximately 13000 patients were referred 

annually. During the data collection of study II and III (2017-2018), the ED had expanded to 

comprised 13 beds and a waiting room. The average LOS in the ED was 3.2 hours, and the 

patient flow had increased to approximately 13500 patients referred annually.  

During all presented studies patients with both surgical (gastrointestinal surgical or 

orthopedic) and medical referral reasons arrived at the ED. Similar to EDs in other Norwegian 

hospitals (8, 9) patients with medical referral reasons represents 73% of the referred patients, 

and patients with surgical referral reason represents 27% of the referred patients. According to 

summary statistics from Diakonhjemmet Hospital (2017-2018) were 76% of patients who 

arrived at the ED admitted to a hospital department after the ED stay, 24% were directly 

discharged from the ED.  

The staff permanently affiliated to the ED during all studies consists of a senior consultant 

(specialist in Internal Medicine), a secretary and nurses. Many of the nurses were specialized 

in emergency nursing. The physician staff, beside the senior consultant, consisted of interns 

and residents from different specialities, rostered to cover shifts in the ED. The interns and 

residents were affiliated with the Department of Internal Medicine (medical physicians), or 

the Department of Surgery (surgical physicians). During the data collection period of study 

IV, 4-7 physicians were present in the ED at all times, 3-4 medical physicians, 1-2 surgical 

physicians, and the senior consultant (in day shifts). However, due to the aim of the study it 

was decided to exclude the senior consultant who normally did not take drug histories. 

In 2014, when study I was performed the ED were covered by a 0.25 full-time equivalent 

pharmacist position (approximately 9.5 hours per week) delivered by Diakonhjemmet 

Hospital Pharmacy. During the data collection periods approximately 50-70 hours per week 
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(on weekdays) were covered by study pharmacists and a study nurse conducting MR. I 2017-

2018, when study II and III was performed the ED were covered by a 0.5 full-time equivalent 

pharmacist position (approximately 19 hours per week). During the data collection periods 

these resources were used to deliver study pharmacists. In addition, extra pharmacists 

resources that were needed to include the the predetermined target number of patients was 

delivered. 

4.3 Description of study teams 

In study I, six clinical pharmacists and one emergency nurse were responsible for conducting 

MR and data collection. All clinical pharmacists had standardized training in MR and had 

practiced as clinical pharmacists for several years prior to the study. The emergency nurse 

was educated and trained in the MR methodology before the data collection started. The 

expert panel classifying MDs according to clinical relevance in this study consisted of two 

clinical pharmacists which participated in the data collection, and one independent senior 

consultant. 

In studies II and III, three clinical pharmacists, conducted the intervention and participated in 

data collection. The three study pharmacists had all practiced as clinical pharmacists for at 

least five years prior to the study. The expert panel assessing clinically relevance of the 

identified DRPs (study II) and drug-related ED visits (study III) consisted of two senior 

consultant not involved in the data collection and three experienced clinical pharmacists. One 

of the clinical pharmacists participated in the data collection, the two others were not involved 

in the data collection.  

In study IV, an experience clinical pharmacist and one master student in pharmacy conducted 

the observations. A statistician familiar with time-motion data calculated inter-rater reliability 

(IRR) and assisted in statistical analysis of outcome data. The discreet categories (Table 4) for 

work tasks used in data collection was evaluated by an experienced clinical pharmacist and a 

senior consultant.  
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4.4 Characteristics of participants 

Table 2 presents an overview of characteristics registered for included participants in the four 

studies. The questionnaire in study I was responded to anonymous, thus no characteristics was 

registered regarding the responding physicians. 

Table 2. Overview of participant characteristics variables in the included studies.  

Characteristics variable Information 
regarding 

Source of 
information 

Paper I Paper II Paper III Paper IV 

Date of birth (age was calculated)  Patients Patient record x x x  
Sex Patients Patient record x x x  

Department affiliation*  Patients Patient record x x x  
Living situation before ED admission Patients Patient record x x x  

Who referred the patient to the ED Patients Patient record x x x  
Number of admissions to DH last 12 months before inclusion  Patients Patient record x x x  

Assigned triage category at admission  Patients Patient record x x x  
Number of drugs registered by physicians at admission  Patients Patient record x x   

Number of drugs registered through medication 
reconciliation  

Patients Patient record x x x  

All drugs listed in documented reconciled drug list  Patients Patient record x  x  
If the patient brought a drug list to the ED Patients Medication 

reconciliation 
x x   

Who were responsible for drug administration before 
admission 

Patients Medication 
reconciliation 

x x x  

Results from relevant laboratory tests  Patients Patient record  x x  
Patient was admitted to hospital or discharge directly from 

ED 
Patients Patient record  x x  

Documented discharge diagnoses  Patients Patient record  x x  
Date and time for admission to the inclusion ED stay Patients Patient record x x   

Date and time for discharge from the inclusion ED stay Patients Patient record  x   
Date and time for discharge from hospital after the inclusion 

ED stay 
Patients Patient record  x   

Date if patients died during hospital stay  Patients Patient record  x   
Experience level**  Physicians Observed 

physicians 
   x 

Department affiliation* Physicians Hospital 
system 

   x 

Number of patients treated by the observed physicians per 
observation session 

Physicians Observers’ 
registration 

   x 

 
DH: Diakonhjemmet Hospital, ED: Emergency department 
* Affiliation to either Department of Internal Medicine or Department of Surgery  
** Categorized as inexperienced: interns and junior residents or experienced: senior residents 
 

Types of diagnoses 

Information regarding patients’ medical histories (e.g., chronical conditions, recent or prior 

diseases) is often deficient at hospital admission. The medical histories registered in hospitals’ 

patient records are often based on an arbitrary selection of diagnoses registered during earlier 

hospital stays (both at the same hospital and discharge notes from other hospitals), 

information from GPs and information from the patient. No source with complete overview of 

patients’ medical histories is available in Norway. In study I, medical history (retrieved from 

the hospital’s patient record) was included as a variable. However, the variable was 

categorized before used in analyses (≥ 3 registered diagnoses- yes/ no, ≥ 5 registered 

diagnoses -yes/ no). In studies II and III, information regarding patients’ medical histories was 
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used to identify DRPs (such as untreated conditions (need of additional drug), or unnecessary/ 

inappropriate drugs), however, not registered for analysis purpose. 

Tentative referral reason(s) set by the healthcare personnel referring the patient to the 

hospitals’ ED and discharge diagnose(s), set by physicians in hospital and documented by the 

physician writing the discharge note, was collected from the hospital’s patient record in study 

II and III. Both tentative referral reasons and discharge diagnoses reflects conditions of which 

the patient are referred and treated, during a particular ED visit or hospital stay. Hence, these 

variables do not reflect the patients’ total diagnosis-burden.   

4.5 Pharmacist-led medication reconciliation and medication review 

4.5.1 Medication reconciliation in study I 

In study I, MR was conducted according to the procedure described in the IMM model (114). 

The MR consisted of a standardized patient interview, including use of a checklist with 

specific questions regarding drugs often omitted, e.g., eyedrops, inhalation drugs, 

contraceptives, drugs not taken daily. If the patient received assistance with taking drugs 

before the ED visit, the supporting person/personnel was contacted to be interviewed. In 

addition, sources providing information on prescribed drugs were used to verify current drug 

use and the respective dosages and brand names, e.g., drug lists from GPs, drug list of patients 

with multidose drug dispensing, and prior discharge notes from Diakonhjemmet Hospital or 

other hospitals. Patients’ current drug lists obtained through MR was documented in the 

hospital’s patient record. The study presented in paper I consisted of three data collection 

periods. 

In the first two data collection periods, MR was conducted according to the traditional 

working model (Figure 4), to be able to identify MDs.  

Figure 4. Original medication reconciliation (MR) working model. Used in the first two data collection 
periods of study I. Reproduction of Figure 1 in paper I. 
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Before the third data collection period the MR working model was redesigned based on 

experience from the two first data collection periods (Figure 5). In the third data collection 

period, MR was conducted according to the redesigned working model.  

  
Figure 5. Redesigned medication reconciliation (MR) working model. Tested in the third data collection 
period of study I. Reproduction of Figure 2 in paper I.  
 

Questionnaire regarding drug history taking and the redesigned medication reconciliation 
working model 

A semi-structured questionnaire with 11 main questions was developed to investigate ED 

physicians’ perspectives regarding sources used during drug history taking, workflow in the 

ED with regards to drug information, with and without MR. The questionnaire comprised a 

mixture of multiple choice and rating scale questions, one open ended question was also 

included. In relation to five of the questions, a comment box was included, allowing the 

physicians to comment their answers. The questionnaire was presented as a two-sided paper-

scheme and was responded to anonymously. The questionnaire was handed out to ED 

physicians present during the last week of the third data collection period of study I (June 10-

20, 2014).  

4.5.2 Medication discrepancies in study I 

MDs were only identified during the two first data collection periods, through comparing the 

drug history documented by ED physicians with the drug list obtained through MR. All 

discrepancies were registered and categorized in nine categories:  

- Omission of as needed drug 

- Prescribed drug patient had not used 

- Prescribed higher dose than patient had used 

- Prescribed lower dose than patient had used 

- Wrong time for dosage 

- Wrong formulation 

- Omission of dosage/strength  

- Omission of supplement/herbal preparation 
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Classification of clinically relevant medication discrepancies 

An expert panel graded all MDs for a selection of patients (Figure 8) included in the two first 

data collection periods. The expert panel received a de-identified list of all identified MDs, 

and first graded all MDs individually. Further, two consensus meetings were arranged. The 

MDs were graded according to the significance of the discrepancy, the grading scale was an 

adjusted version of Scullin and colleagues’ intervention grading (114):  

(1) no impact on health outcomes 

(2) minor impact on health outcomes 

(3) potentially significant impact on health outcomes 

(4) potentially severe impact on health outcomes 

(5) potentially life-saving impact on health outcomes. 

4.5.3 Medication reconciliation and medication review in study II 

Medication reconciliation 

MR was performed by the same procedure as in study I. In addition to the available sources 

providing information on drug prescribing in study I, the Prescription Intermediary was 

available during study II (the Summary care record was not available). MR was preferably 

conducted according to the redesigned working model from study I (Figure 5). Due to the 

critically illness of some patients, and occasional ED crowding, the MR was not completed 

before ED physicians’ consultation for all included intervention group patients. The ED 

physician in charge of the patient was alerted orally when the MR was conducted, and the 

patient’s reconciled current drug list and other relevant drug history was documented by study 

pharmacists in the hospital’s patient record.  

Medication review 

Following the MR, a systematic advanced medication review (109) was conducted. All drugs 

in the patients’ reconciled current drug list and recent drug history were assessed according to 

predefined DRP categories (Table 3), based on a validated DRP classification tool (58).  The 

medication review was conducted by interviewing patients and assessing initial examinations 

by ED nurse as well as laboratory tests results. Furthermore, computer resources were utilized 

(e.g., interaction databases, summary of product characteristics for drugs, medical databases 
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and treatment guidelines) and referral letters from GPs and municipal emergency were 

reviewed. 

The identified DRPs (both actual and potential) and possible actions to manage or solve the 

problems were orally communicated to the ED physician in charge of the patient, as well as 

documented by the study pharmacists in the hospital’s patient record.  

Table 3. Description of drug-related problem categories. All drugs documented in the patients’ current drug 
list and recent drug history were assessed according to these categories during medication review. The utilized 
drug-related problem categorization is based on a validated DRP classification tool (58). Adjusted reproduction 
of S3 Appendix in paper II. 
 

Drug-related problems 
categories 

Detailed description 

Drug monitoring Therapeutic drug monitoring or laboratory monitoring was needed, regarding 
e.g., digoxin, warfarin, levothyroxine, antidiabetics, statins 

Adherence issues 
(non-adherence) 

Intentionally, or unintentionally deviation between patient’s actual drug use 
and usage intended by the prescribing physician. With respect to type of drug, 
dose, or scheme 

Adverse effects A negative or harmful patient outcome, or changed laboratory values that 
seems to be associated with drug treatment (55) 

Drug-interactions Clinically relevant drug-interactions (both drug-drug interactions and drug-
supplements/herbal preparations interactions were included) 

Need for additional drug Deviation between the patients’ listed earlier diagnoses and the received 
treatment, regards to established national/international guidelines  

Non-optimal drug therapy Adjustments in the patient’s drug therapy (included both dose adjustments, 
formulation alternations and temporarily stopping drug therapy) are needed 
due to established national/international guidelines or due to: 
- the acute situation 
- reduced organ function (kidney failure, reduced liver function etc.) 
- absolute/relative contraindications 

Unnecessary drug Drug treatment without indication according to guidelines 
Drug-related ED visit Considering all the above-mentioned categories, clinical pharmacists assessed 

if the current ED visit could be connected to one or more of the drugs used by 
the patient at admission 

4.5.4 Drug-related problems and medication discrepancies in study II 

Drug-related problems 

An expert panel classified all identified DRPs according to the following: clinically relevant 

to identify in the ED, clinically relevant to identify during the hospital stay, or not clinically 

relevant during the ED/ hospital stay. A clinically relevant DRP was defined as a DRP which 

should be identified to improve the standard of care, prevent major organ failure, prevent 

adverse effects, or be potentially lifesaving (114). Hence, the DRPs classified as clinically 

relevant were issues of importance for the patient treatment. All DRPs were first assessed and 
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classified by each member of the expert team individually. Further, six consensus meetings 

were arranged. 

Acceptance of pharmacists’ recommendations regarding identified DRP was investigated 

through comparing changes in the patients’ drug lists during hospital stay, with DRPs 

identified by study pharmacists. Changes during hospital stay were revealed though 

retrospectively assessment of differences between the drug list registered by physicians in the 

admission notes and the drug lists registered by physicians in the discharge notes.   

Medication discrepancies 

Due to the MR methodology used in study II, MDs for the intervention group patients were 

identified retrospectively. The drug list documented by ED physicians at admission was 

compared with the drug list obtained through MR. The preferred physician drug list for 

comparison was the drug list documented in the medication chart. If the patient was not 

hospitalized the medication chart was often not written, in which the drug list documented by 

physicians in the admission note was used. If there were no drug list in the medication chart 

or admission note, the discharge note was checked.  

The drug list of each patient was classified according to the following categories regarding 

what type of MDs was identified through the retrospective assessment: 

- The drug list has major MDs issues (omission of one or more regular drug, incorrect 

strength/frequency/count of unit’s information related to one or more regular drug) 

- The drug list has minor MDs issues (omission of as needed drugs, incorrect 

strength/frequency/count of unit’s information related to as needed drugs)      

- The drug list has no MDs   

- No drug list is registered for the patient during inclusion stay (meaning there were no 

drug list registered in medication chart, admission note or discharge note) 

The intervention MR was deemed not successful if there were no documented drug list by 

physicians at admissions, or if the physicians drug list had major MD issues. This formed the 

basis for excluding patients in the per-protocol analysis presented in paper II. 
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4.6 Data on unplanned contacts with hospital and mortality 

The Norwegian Patient Registry (NPR) provided data on unplanned contacts with hospital 

and dates for patients’ death after discharge from the inclusion stay, used in analysis of 

outcome measures in study II. NPR comprises data on all patient treatment conducted by the 

secondary healthcare system in Norway (173). Visits to the municipal emergency clinics and 

GPs are not included.  

NPR delivered information on a personally identifiable level. Hence, to be able to harvest data 

from the register, patients need to have a Norwegian personal identification number. In study 

II, we included 10 patients without a Norwegian personal identification number (foreign 

citizens). Follow-up data from NPR for these patients are therefore missing.  

We used data on unplanned contacts with somatic hospitals (both acute outpatient clinic visits 

and hospital admissions). As NPR is based on data reported from Norwegian hospitals, how 

ED visits are reported vary between hospitals. Some hospitals report ED visits as a part of the 

hospital stay if patients are admitted, and outpatient clinic visits if patients are directly 

discharge from ED. Other hospitals strictly report ED visits as acute outpatient clinic visits. 

This led to an uncertainty in the isolated ED-visit data. Hence, it was decided to merge ED-

revisits and hospital readmission in “unplanned contact with hospital” in analysis of outcome 

measures in study II.  

4.7 Drug-related emergency department visits 

Classification of drug-related emergency department visits 

In study III, an expert panel assessed the relationship between the patients’ drug use and ED 

visits for all intervention group patients. A drug-related ED visit was defined as an ED visit 

directly (probably) or indirectly (possibly) associated with the patient’s drug use prior to the 

visit.  

A standardized de-identified patient scheme was created for each patient. The schemes 

included demographic data and results from completed laboratory tests. Further, the schemes 

included tentative referral reasons and the final diagnoses. Finally, the patient’s reconciled 

current drug list, other recent drug history, and DRPs identified through intervention 

medication review were registered on the schemes. The template for the standardized de-

identified patient scheme can be found in supplementary material of paper III.  
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The expert panel classified each ED visit according to a modified version of criteria for 

causality by the WHO Uppsala Monitoring Centre (174). It was assumed that the “certain” 

causality term utilized by WHO Uppsala Monitoring Centre would not be fulfilled in the 

included clinical cases. Nevertheless, it was decided to differentiate between “probable” and 

“possible” drug-related ED visits, hence these terms were adopted. The “unlikely” term was 

renamed “not drug-related” to simplify the interpretation, however covered the same 

assessment criteria. To cover the “Conditional / Unclassified” term, an unresolved category 

was introduced, which could be used by the expert panel if information essential to conclude 

were missing. Hence, the classification categories used by the expert panel were: 

- probably drug-related (direct association between patients’ drug use and ED visit)  

- possibly drug-related (indirect association between patients’ drug use and ED visit) 

- not drug-related (no association between patients’ drug use and ED visit) 

- unresolved (information missing to determine association) 

All patient schemes were first assessed and classified by each member of the expert panel, 

individually, using implicit criteria inspired by Hallas and colleagues’ criteria for contribution 

(175). Further, six consensus meetings were arranged.   

Documentation of drug-related emergency department visits 

Physicians’ documentation of drug-related ED visits and hospital stay were assessed though 

retrospective investigation of the discharge notes written by physicians treating intervention 

group patients during ED visit/hospital stay. It was registered that the treating physician 

considered the ED visit/hospital admission drug-related if the physician explicitly stated 

(either through a description in text or a drug-related diagnosis code) in the discharge note 

that drugs could be the cause of the visit/admission. 

 

Pharmacists’ documentation of suspected drug-related ED visits and hospital stay were 

assessed though retrospective investigation of the note written in the patient record by 

pharmacists after intervention medication review performance. It was registered that the 

pharmacist suspected the ED visit/hospital admission to be drug-related if the pharmacist had 

stated this in the patient record note.  
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4.8 Physicians’ working patterns  

4.8.1 Discrete Observation categories 

In study IV, continuous direct observations of ED physicians were performed. As no previous 

time-motion study of ED physicians had defined drug-related tasks separately, it was decided 

to conceptualize discrete categories tailored to investigate the study aim. A pre-study period 

was conducted where two observers observed different ED physicians for a total of 10 hours. 

During the pre-study period all conducted activities were recorded in plain text, including 

tasks conducted (what), the locations physicians were in when conducting the task (where), 

how tasks were conducted (how), and other persons involved in the conducted tasks (who). 

The recorded text was further grouped in discrete categories and structured under four 

dimensions (what, where, how and who) in line with earlier studies (176, 177). Categories in 

all dimensions were tested and evaluated during a pilot study, to ensure that all physician 

activities were covered by the conceptualized categories. The pilot study included a total of 16 

observation hours of different ED physicians. Between observation hours continuous 

evaluation regarding the appropriateness of the categories was conducted, and changes were 

made when necessary. 

The task categories for the what dimension (Table 4) were reviewed by an experience clinical 

pharmacist and a senior consultant, before data collection started. Figure 6 shows a screenshot 

from the Work Observation Method By Activity Timing (WOMBAT) software (167, 178) of 

the final discrete data collection categories used during data collection. Detailed overview and 

description of categories within where, how and who dimensions is presented in 

supplementary material of paper IV. 

IRR testing was conducted before data collection to test the observers’ agreement on the final 

data collection categories (all dimensions, and timestamping). The IRR testing was performed 

through the following procedure: The two observers followed the same physician for 30 

minutes and independently recorded data with the final data collection categories on Samsung 

Galaxy 8 tablets running version 2 of the licensed WOMBAT software (167, 178). The IRR 

observation data were analyzed after the 30 minutes session using a multivariate chance-

adjusted agreement method (the iota score, a multivariate generalization of Cohen’s kappa 

(179, 180)) applied to the data in the format of one second time windows. The iota score 

before data collection was 0.781, indicating substantial agreement between observers (181), 
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which was considered satisfying to initiate the data collection. It was decided to conduct 

additional IRR testing during the data collection period to limit observer bias. Two IRR tests 

were conducted during data collection, with achieved iota scores of 0.622 and 0.867. Hence 

substantial agreement was maintained during the entire data collection period. The average 

iota score for the whole data collection period was 0.760.  

 
Table 4. Work task categories (What), subcategories, definitions, and examples. Drug-related: all 
conversations, reading or writing that included information about the patients’ drugs or drug use. Non-drug-
related: all other conversations, activities, reading and writing. Where, how and with whom the observed 
physicians conducted tasks presented in the table, was specified by categories in where, how and who 
dimensions in the WOMBAT-tool (Appendix I of paper IV). The table is a reproduction of table 1 in paper IV. 
 

Task 
category Subcategories Definition Examples 

 
Examination/ 

Treatment 

 Direct, physical examination/treatment of the 

patient 
a 

 

Examination of patient 
Taking samples (e.g., fecal occult blood test, 
arterial blood gas)  
Relocating shoulder, suture a wound 
Monitoring patients’ symptoms 

 
 

Gather 
information 

 

Drug-related Gather drug-related information related to 
patients/ patient treatment 
  

Physician obtained information about patients’ 
medication history by talking directly or by 
telephone to patients, next of kin, other hospitals, 
reading on computer or paper referral letters. 

Non-drug-
related 

Gather non-drug-related information related to 
patients/ patient treatment  

Physician obtained information about patients’ 
medical history by talking directly or by telephone 
to patients, next of kin, other hospitals, reading on 
computer or paper referral letters. 

 
 

Documentation 
 

Drug-related Documentation of drug-related patient 
information   

Physician documented drug-related information on 
paper or on computer 
Prescribing drugs in medical chart/ Prescription 
Intermediary 

Non-drug-
related 

Documentation of non-drug-related patient 
information  

Physician documented non-drug-related 
information on paper or on computer 

 
 
 

Professional 
communication 

 

Drug-related Professional communication with other 
healthcare personnel/ patients/ next of kin 
about drug-related matters relevant to patients’ 
treatment  

Physician communicated direct or via telephone 
with other healthcare personnel about patient drug-
related treatment 
Physician informed patient, next of kin about 
further drug-treatment 

Non-drug-
related 

Professional communication with other 
healthcare personnel/ patients/ next of kin 
about non-drug-related matters relevant to 
patients’ treatment  

Physician communicated direct or via telephone 
with other healthcare personnel about patient-
related matters 
Physician informed patient, next of kin about 
further non- drug-related treatment 

 
 
 

Social 
 

Professional Professionally relevant activities or 
communication not directly linked to patient 
treatment/ information  

Digital courses  
Reading procedures (not directly regarding patient 
treatment)  
Send professional e-mail 

Non-professional Social activities or communication (not 
professionally relevant) 

Personal phone calls/ texting/ e-mailing 
Bathroom breaks 
Meal break 

Unknown  Activities that could not be observed  Physician treated a patient in an infection isolated 
room (droplet- or airborne infections) 

Hygiene  Activities to prevent communicable diseases  Physician washed/ disinfected hands 

Movement  Movement between locations (Where)  Physician walked between locations (where 
categories)  

Outside 
emergency 
department 

 Activities conducted outside the defined area of 
the emergency department 

Physician were called on to assist patient on 
hospital department (left the emergency 
department) 

a During observation time physicians did not administer drugs to patients, hence only non-drug-related treatment and examination were recorded. 
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Figure 6. Screenshot of the WOMBAT data collection tool with four dimensions. During direct observation 
of emergency department physicians, data were systematically registered in predefined discrete categories 
organised under four dimensions: WHAT, WHERE, HOW, AND WHO. The data were automatically time-
stamped by the WOMBAT software i.e., recording the exact time for the start of the task and recording the time 
until a new task was started (either due to finishing the task or getting interrupted). The figure is also presented 
in Appendix 1 in paper IV. 
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4.8.2 Observation sessions 

Summary statistics from Diakonhjemmet Hospital revealed that 80% of patients admitted to 

the ED arrive between 9:00 am to 9:00 pm. A previous time-motion study found that 

physicians night-time activities deviate from day-time activities (20). Hence, investigating 

physicians between 9:00 am to 9:00 pm were believed to give an estimation of how most 

patients are treated during the ED stay. A pre-set timetable for observation sessions was used 

to make sure the data collection covered weekdays/weekends and day/evening shifts (9:00 am 

to 9:00 pm). 

Previous time-motion studies have indicated that observation sessions should be time limited 

to minimize observer fatigue (176, 178). Based on prior time-motion studies (20, 176) and 

experiences from the pilot-period, it was decided that each observation session in study IV 

should last for two hours.  

Consecutively after inclusion, the included physician was continuously observed for one 

session, where observers recorded all activities which were automatically time-stamped by the 

WOMBAT software. Interruptions, defined as stopping the current task to respond to an 

external stimulus (e.g., a telephone call), and multitasking, defined as performing two (or 

more) tasks simultaneously, was also recorded in the WOMBAT software. The observation 

sessions were independent of the LOS for patients treated by the observed physicians. The 

observation sessions were ended two hours after the observation start, regardless of what task 

the observed physician conducted at that time. Each physician was observed for a maximum 

of two sessions.  

 

Patients were not observed in this study, however the number of patients treated by the 

observed physicians was registered by the observers during each session. Patients were 

classified as “new” or “follow-up”. Patients were classified as new when no one had taken 

their medical history, prior to when the observed physician met the patient. Hence, the 

observed physician performed a thorough examination of the patient and had a conversation 

with patients/next of kin to obtain the medical and drug history. Further, the patients were 

classified as follow-up if a medical history, including a drug history, had already been 

obtained when the observed physician met the patient. Hence, the physicians only conducted 

one or few examinations of the patients and/or only a few questions were asked. 
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5 Data processing and statistical considerations 

5.1 Data processing 

Research databases for data processing of data in study I and III were developed in Microsoft 

Office Excel. All data were manually punched into these databases. Database for study I was 

imported to SPSS Statistics 20 (IBM Corporation, Armonk, New York, USA) for statical 

analyses, whereas database for study III was imported to STATA SE version 16 for statistical 

analyses.  

To process data from study II a research database was developed, using EpiData (EpiData 

manager and EpiData entry client 4.4.3.1 r691, EpiData Association, Denmark). All data was 

manually punched into the database. Another researcher assured the quality of the data 

punching by the following pre-defined protocol: 

 Critical variables were controlled in every 4th patient. If errors were revealed in more 

than 5% of the variables in the selected patients, all patients should be controlled.  

 All variables were controlled for 10 randomly selected patients per 200 punched 

patients (hence, totally 40 patients). If errors were revealed in more than 10% of the 

variables in the 10 selected patients, all 200 punched patients should be controlled.  

When the database quality was considered satisfactory, data were imported to STATA SE 

version 16 for statistical analyses of demographic data and inclusion stay outcomes. NPR data 

were received formatted as a Microsoft Office Excel file. These data were imported to 

STATA SE version 16, and the file was filtered for relevant unplanned contacts for each 

included patient (all unplanned contacts after inclusion stay discharge, and within end of 

follow-up; 12 months from inclusion stay discharge). Relevant data from the NPR datafile 

were merged with the data punched in EpiData in STATA SE version 16 for statistical 

analyses of follow-up outcomes.  

Data from study IV were generated automatically from the WOMBAT-software version 2 

into a Microsoft Office Excel file. Data was imported to IBM SPSS software, version 25 for 

statistical analysis of number of tasks and demographic data. Data was further transformed to 

“longform”-format with SAS system for Windows, version 9.4 to be able to analyze time-data 
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considering any overlap in time due to multitasking. Analyses were carried out in SAS system 

for Windows with assistance from Scott R. Walter.  

Organizing diagnosis and drug data 

Majority of discharge diagnoses were coded according to International statistical 

classification of diseases and related health problems, 10th revision (ICD-10) (182) in 

discharge notes written by physicians. If ICD-10 codes were missing, symptoms/diagnoses 

described in text in the discharge note was converted to ICD-10 codes using an decision 

support tool for ICD-10 codes (183). Discharge diagnoses were analyzed on chapter level in 

study II, due to high diversity in single diagnosis data.  

Tentative referral reasons are presented as text at referral to the ED, hence not coded 

according to ICD-10 (182). In study III, similar symptoms/tentative diagnoses were grouped 

together before analyses to reduce diversity in data. In study II, all tentative referral reasons 

were converted to ICD-10 codes using an decision support tool for ICD-10 codes (183). 

Tentative referral reasons were analyzed on chapter level in study II, due to high diversity in 

single diagnosis data. 

 

Patients drug lists was used in analyses in study III. All drugs listed in patients’ reconciled 

drug lists were classified according to the Anatomical Therapeutic Chemical (ATC)-

classification (184, 185). In study III, drugs were analyzed at ATC-classification 3rd level, to 

reduce diversity in data.  

5.2 Randomization and blinding 

To determine the prevalence of clinically relevant MDs in study I, every second (sequence 

decided after data collection) of the 312 included patients in the second data collection period 

were assessed by the expert panel regarding clinically relevant MDs.  

In study II, patients were randomized to intervention- or control-group (1:1) after inclusion. 

Department of Biostatistics and Epidemiology at Oslo University Hospital was responsible for 

the randomization procedure. This department had no contact with patients, study pharmacists 

or ED personnel. A random number generator program was used for randomization 

sequencing with a permuted block design. The study pharmacists were blinded to block size, 

which was randomly varied. Allocation information was packed by staff at Diakonhjemmet 
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Hospital Pharmacy not involved in the study, in sequentially numbered, opaque, sealed 

envelopes and delivered to study pharmacists. Envelopes were assigned and opened in 

numbered sequence. Hence, at randomization the study pharmacists assigned the envelope 

with the lowest number to the individual included patient, thereafter the envelope was opened, 

and allocation was revealed. It was neither feasible to blind patients nor study pharmacists to 

the allocation. ED and other hospital staff could not be blinded regarding which of the 

patients belonged to the intervention group, because study pharmacists documented their 

findings in the hospital’s patient record. Affiliates at the ED and hospital were, however, 

unable to distinguish between patients randomized to the control group and patients not 

participating in the study. NPR providing outcome data, were blinded to group allocation.  

The population in study III, was the patients randomized to the intervention group in study II. 

The expert panel was blinded regarding whether the patient was hospitalized or discharged 

directly after the ED visit. In addition, the expert panel was blinded regarding the 

documentation of drug-related ED visit and hospital stay conducted by physicians and study 

pharmacists.   

In study IV, information regarding the study aims and method was given in brief information 

lectures to both medical and surgical physicians, as well as ED nurses before study start. It 

was decided to give these lectures to prevent interruption of observers during observation 

sessions. All physicians present in the ED at the pre-set observation session time were eligible 

for inclusion. The observers randomized (by draw) which of the available physicians to 

observe. First a draw of affiliation (3:1, medical or surgical, due to the skewed distribution of 

physicians present in the ED), further a draw of experience level (1:1, experienced or 

inexperienced).  

5.3 Sample size 

No sample size calculation was conducted in study I. Patients included in developing and 

testing the prioritizing model, were consecutively included in two periods of 15 inclusion 

days (9:00 am to 8:00 pm). 

The sample size calculation for study II (RCT) was based on an expected readmission 

frequency of 50% during 12 months following inclusion (114), which is also in line with 

Norwegian readmission frequency (information from South-Eastern Norway Regional Health 
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Authority). The sample size was calculated based on a superiority study design, and a 10% 

reduction in unplanned contacts with hospital was defined as a clinically relevant effect of the 

intervention. This estimate was considered realistic according to a prior study (111) and 

accounting for our general population. Accordingly, it was calculated that 385 patients would 

have to be included in each group, with significance level of 5% and study power of 80%. To 

compensate for dropouts, it was decided to include 400 patients in each project group, i.e., a 

total of 800 patients. 

No separate sample size calculation was conducted for study III. Sample size was determined 

by the included number of intervention group patients in the RCT (study II).  

In study IV, the number of observation hours (sample size of concern in time-motion studies) 

was selected based on previous time-motion studies (19, 20, 165, 176). According to the aim 

of this study, 90 hours of observations were considered sufficient to accurately describe 

physicians work pattern. 

5.4 Statistical considerations 

In results from study I, II and III patient demographics are given as median and interquartile 

ranges (IQRs) for continuous variables, due to the skewed distribution of these variables. 

Regarding categorical variables, number of patients in each group and percentage are reported 

(group specific percentage when comparing groups). In these three papers Mann-Whitney/ 

Wilcoxen rank sum-test was used to compare demographics of patient groups regarding 

continuous variables. For categorical variables, Pearson-Chi2 were applied. P values less than 

0.05 were considered statistically significant in all studies presented in this dissertation. 

Study I 

During identification of characteristics associated with clinically relevant MDs, development, 

and testing of the prioritizing model, MDs graded 1 or 2 were classified as not clinically 

relevant, and MDs graded 3, 4 or 5 were classified as clinically relevant. Continuous variables 

(e.g., age, number of medications) were categorized to be suitable for further statistical 

analyses and development of the prioritizing model.  

Patient characteristics variables which were accessible at admission to the ED and associated 

with clinically relevant MDs, were included in a logistic regression model. The performance 

of the model built on data from the second study period was tested on data from the first study 
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period. A receiver operating characteristic curve analysis and estimate of the area under the 

curve was applied. As the model was built on clinically relevant MDs, false negatives were 

seen as more severe than false-positive classifications; therefore, we chose a cut-off that 

yielded a high sensitivity from the receiver operating characteristic curve analysis. 

Study II 

Pearson's chi-square test was applied to determine proportion of patients with unplanned 

contact with hospital during follow-up time (primary outcome), significance level was set to 

0.05. Logistic regression was applied to determine odds ratio with 95% confidence interval 

(CI). The Kaplan-Meier estimator was used to estimate the survival function regarding time to 

next unplanned contact with hospital (event). Kaplan-Meier curves and log-rank test were 

applied to present a visual representation and test difference between groups, respectively. 

Cox proportional hazards model was utilized to determine hazard ratios and 95% CI. Negative 

binomial regression was utilized to compare mean length of stay and number of unplanned 

hospital events within 12 months after inclusion stay discharge, in the latter individual 

patient-time in study was applied as exposure variable. Mann-Whitney U test was applied to 

compare median length of stay. For the secondary outcomes comparative analyses were 

explorative. 

In sensitivity analyses on the primary and secondary outcomes, death was included as 

competing risk in the outcome measures (both death during hospital stay and within 12 

months from inclusion stay discharge) (S4 Appendix for paper II). The sensitivity analyses 

revealed that results did not change. To clarify interpretation of the outcome measures it was 

therefore decided to excluded patients who died during hospital stay from both inclusion stay 

analyses and follow-up analyses. Further, in the primary outcome and survival analysis death 

within 12 months from inclusion stay discharge was censored. However, in the negative 

binomial regression, time of death within 12 months from inclusion stay discharge was 

accounted for through the exposure variable. 

Intention-to-treat analyses was conducted on all patients with follow-up data allocated to 

intervention or control group.  

In per-protocol analyses, patients where the intervention MR was deemed not successful was 

excluded, i.e.: 

1) patients where no drugs were documented by physicians in the hospital’s patient 

record  
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2) patients where the drug list documented by physicians at admission had major MD 

issues  

All control group patients with follow-up data were included in per-protocol analysis.  

Study III 

In comparative analysis, probably and possibly drug-related ED visits were treated as one 

group: drug-related ED visits. Patients not classified (Unresolved/No consensus reached) were 

not included in the comparative statistics. Logistic regression was used to determine odds 

ratios of drug-related ED visits, 95% CI. The relative frequency of ATC3-groups was 

calculated as follows: how often a drug from the specified ATC-3 group was involved in 

drug-related ED visits divided by number of times drugs from that specific ATC-3 group was 

used.  

Study IV 

Proportions of total observation time were defined as the time spent on each task category, 

accounting for any multitasking, divided by the total observation time. Proportions specific 

for physician groups and specific drug-related and non-drug-related time were calculated 

similarly, although the denominators were group specific (considering any overlap in time due 

to multitasking). As the field of analyzing proportions of continuous time measures are 

scarcely investigated, a bootstrapping approach was used to generate 95% CI for the 

proportions and interruption rates. Monte Carlo testing was applied for comparing drug-

related task time between different physician groups: medical vs. surgical physicians, 

experienced vs. inexperienced physicians. Both bootstrapping and Monte Carlo testing were 

chosen to avoid the reliance on parametric assumptions which were not met by this data. 

By using iota score compared with traditional Cohens’/ Fleiss kappa in time-motion studies 

enables the comparison of all dimensions, including the timestamping, simultaneously (179). 

However, because the iota analysis includes more variables simultaneously it results in lower 

scores compared to the scores computed with traditional Cohens’/Fleiss kappa. The average 

Fleiss kappa score on the what dimension during the three IRR-validations were 0.81, 

indicating almost perfect agreement (181). Nevertheless, it was considered important that all 

dimensions and timestamping were compared and therefore iota scores were the chosen 

strategy. 
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6 Ethical considerations 

All studies presented in this dissertation were approved by the Regional Committee for 

Medical and Health Research Ethics (REK) (Study I: 09.10.13, 2013/1586/ REK south-

eastern C, also approved by the Privacy Ombudsman at Oslo University Hospital 17.12.13, 

2013/14419. Study II and III: 10.09.15, 2015/1356/ REK south-eastern A, Study IV: 08.08.18, 

amendment to 2015/1356/ REK south-eastern A). Protocols for all studies were also approved 

by the Research Committee at Diakonhjemmet Hospital. Ethical principles described in the 

Declaration of Helsinki was applied in all four studies. studies presented in paper II and III 

was registered in ClinicalTrials.gov, Identifier: NCT03123640 in April 2017. 

Patients admitted to the ED is in a vulnerable position and is often critically ill. The basic 

pillar of all the studies described in this dissertation was therefore, not to delay lifesaving and 

necessary acute treatment. However, it is important to identify how standard care can be 

improved regarding safety of drug treatment and transfer of drug information, also in the 

acute setting in the ED. Investigating patients in a real-world setting creates the most realistic 

picture of what stages in standard care that are possible and beneficial to redesign. In the 

studies involving patients (I, II and III) it was considered that the potential benefit with 

regards to preventing unintended MDs and identifying DRPs outweighed the potential burden 

for included patients. 

All participant data (both patient data (studies I, II and III), and characteristics data regarding 

included physicians in study IV) were handled confidentially. Paper data collection schemes 

were stored in a locked cabinet only accessible to authorized study personnel, and not taken 

out of the hospital. Study databases was developed without participant names or personal 

identification numbers, only a code list connected the participant to his or her data, the code 

list was stored in a locked cabinet separate from other data. The study databases were stored 

at the hospitals password-secured research server.  

In study I, REK concluded that written informed consent was not necessary to include 

patients. It was assumed that conducting MR had few or no negative effects for the included 

patients, therefore it was decided to include patients to this study without written informed 

consent and regardless of their ability to provide such consents.  

In studies II and III, REK concluded that written informed content had to be obtained from the 

patients themselves. In the original protocol for it was proposed that next of kin to severely ill 
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patients could provide a temporarily written consent until the patients were in a condition 

where they could consent themselves, this proposal was not approved by REK. Hence, in 

these studies patients was included if they were capable and willing to provide written 

informed consent. Unconscious and severely cognitive impaired patients were not included 

e.g., severe intoxications and patients with advanced dementia. It was considered that the 

additional questions related to the performance of the intervention could cause a burden to 

intervention group patients. Therefore, patients were informed briefly about the study and the 

intervention content before they were asked to participate. An information leaflet was 

presented to all patients willing to consider inclusion, before they were finally included. The 

information leaflet comprised a description of the study (including what information about the 

patient that was registered and stored) and stated that participating in the study was voluntary 

and that the patient could withdraw from the study at any point without giving a reason. Key 

points of this information were also given orally.  

It was decided that patients allocated to the control group should receive standard care 

without pharmacist intervention during the ED visit, this decision was based on the following 

considerations. Even though, MR had been proven efficient in identifying unintended MDs in 

prior studies, the effect on clinical outcomes were inconclusive. Further, the intervention 

utilized in the RCT (study II) had not been investigated in prior RCTs in the ED setting. 

Hence, it was a true uncertainty regarding the effect of the intervention on clinical outcomes 

before study start. In addition, most patients admitted to Norwegian EDs does not receive a 

pharmacist-led medication review during their ED visits, as this is not part of standard care. 

Without MR, the information basis regarding drug lists in the control group patients would be 

uncertain. However, if MR and/ or medication review was conducted in the control group, this 

may have forced study pharmacists to intervene regarding identified MDs and DRP due to 

ethical considerations. This would have made it challenging to investigate the impact of the 

intervention due to spill-over effects. Clinical pharmacists had been present in the ED at 

Diakonhjemmet Hospital conducting MR before initiation of studies II and III. It was 

therefore, of ethical concerns, decided to implement a statement in the inclusion procedure 

that control group patients should be excluded after randomization if;  

1) Physicians in the ED requested an assessment from a pharmacist regarding the control 

group patient 

2) Study pharmacist revealed obvious DRPs of major clinical relevance during inclusion of 

the control group patient and had to intervene. 
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In study IV, REK concluded written informed consent was not necessary to include 

physicians. However, observing physicians in a fast-paced workflow raised some ethical 

issues regarding the relationship between the observed physician and the treated ED patient, 

and further the relationship between the observed physician and the observer. We considered 

it important to have an honest and open interaction with the physicians regarding the study 

aim. Hence, it was decided to only include physicians willing to provide written informed 

consent. An information leaflet was presented to physicians before inclusion. The information 

leaflet described the study (including what information about the physician that was registered 

and stored), and that the physician could withdraw from the study at any point without giving 

a reason. To reduce observations’ impact on the relationship between included physicians and 

treated patients, the physicians were instructed to inform the patients that the observers were 

only observing the physicians’ working patterns. In addition, it was made clear to the patients 

that they at any point could demand the observers to leave the room without giving a reason. 
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7 Results 

In this section main results and conclusions of the four studies included in this dissertation is 

presented. Further detailed results are presented in each paper. Patient flow charts for studies 

I, II and III is also presented. 

7.1 Study I 

A total of 276 patients were included in analyses (156 patients to build the prioritization 

model, and 120 patients to test the prioritization model). The median age of these patients was 

69 (IQR =28, range 17-96), and 52% were women. Further, a redesign of MR methodology 

adjusted to the fast-paced workflow in the ED was presented (Figure 5). 

Main findings: 

 The number of documented regular medications per patient varied significantly (p< 

0.01) between the drug list documented by physicians (median 4, IQR 6) and drug list 

documented through MR (median 6, IQR 6)  

 62% of the patients had one or more clinically relevant MD 

 Risk factors associated with clinically relevant MDs which were included in the 

prioritizing model: sex (woman), age (≥60), one or more admission to hospital in the 

last 12 months, and tentative referral reasons: surgical, malfunction, or cancer 

 Sensitivity of the prioritizing model was 0.761 and specificity was 0.642 (erroneously 

reported to 0.358 in paper I). Indicating that the prioritizing model both had high 

precision in identifying high-risk patients and ruling out low-risk patients.  

 Of 35 available physicians, 27 received the questionnaire. Of these 19 (70%) 

physicians completed the questionnaire.  

o Self-reported time spent on drug history taking was: 0-5 minutes for 8 

physicians (42%), 6-10 minutes for 10 (53%) physicians and 11-20 minutes for 

1 (5%) physician. 

o If MR was performed before the physician had taken their drug history, 58% of 

the ED physicians reported that they spent less time on drug history taking, the 

remaining 42% reported no effect on their time spent (self-reported time use 0-

5 minutes). 
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Conclusion  

Clinically relevant MDs are a major concern with regards to drug-related patient safety in the 

ED. By using MR methodology in the ED setting, these MDs can be identified and corrected. 

This study found that it is beneficial to adjust the MR methodology to the ED setting, and a 

working model redesign was presented and tested. A novel and clinically implementable 

prioritizing model were developed based on the identified risk characteristics, combined with 

clinical experience from the ED setting regarding what characteristics were available early 

during a patients ED stay.  

7.2 Study II 

A total of 807 patients were included to investigate whether pharmacist-led medication review 

conducted in the ED setting could impact clinical outcomes and post-discharge outcomes. 

Median age of the study-population was 69 years (IQR 27, range 19-99), 57% of the patients 

were aged over 65 years. Further, 70% of patients had a medical referral reason and 30% had 

a surgical, and 52% were men.  

Inclusion stay analysis included 799 patients (399 intervention group patients and 400 control 

group patients. Follow-up analysis (including analysis on primary outcome) comprised 789 

patients (394 intervention and 395 control).  

Main findings: 

 Primary intention-to-treat analysis revealed that there was no significant difference in 

proportion of patients with an unplanned contact with hospital within 12 months after 

inclusion stay discharge between groups (51% of intervention group patients vs. 53% 

of control group patients, p=0.55).  

 Number of regular drugs documented by physicians at admission was median 3 (IQR 

6, range 0-16), number of drugs documented by study pharmacists after intervention 

MR was median 4 (IQR 6, range 0-19). Hence, study pharmacists documented a 

higher number of regular drugs compared with physicians for the intervention group 

patients at admission (p<0.01).  

 Regarding secondary outcome, median time until next unplanned contact with hospital 

within 12 months follow-up, intention-to-treat analysis revealed that the intervention 

prolonged median time with 22 days compared with standard care (p=0.755, HR 0.97, 

95%CI 0.80, 1.18) (Figure 7A). Per-protocol analysis revealed that the intervention 
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prolonged median time with more than 57 days compared with standard care (p=0.38, 

HR 0.91, 95%CI 0.73, 1.13) (Figure 7B). 

 Regarding the DRPs identified during the ED stay, 74% were found clinically relevant 

to identify during the ED visit (23%) or hospital stay (51%). Physicians implemented 

the pharmacists’ recommendations for 45% of the clinically relevant DRPs.   

 

Figure 7. Time to next unplanned contact with hospital (ED-visit or hospital admission).  
(A) Intention-to-treat analysis of patients with follow-up data, intervention group (n=394) vs. control group 
(n=395) (B) Per-protocol analysis of patients with follow-up data, intervention group (n=267) vs. control group 
(n=395). Reproduction of Figure 3 in paper II. 

Conclusion  

As currently designed, the intervention did not significantly influence clinical- or post-

discharge outcomes. It was revealed that pharmacists documented a higher number of the 

patients’ regular drugs compared with physicians at admission. Hence, if pharmacists are 

implemented in a more efficient way in the interdisciplinary team of the ED, for instance by 

documenting their findings directly in the medication chart, this can improve the drug-related 

information flow at transition of care. This study also revealed that majority of DRPs 

identified through ED medication review were of importance for the patient treatment, hence 

has the potential to improve drug-related patient safety. If medication review methodology is 

redesigned to focus on acute DRPs in the ED, and a referral system is developed for follow-up 

of in-hospital DRPs, physicians’ implementation of the pharmacists’ recommendations may 

increase.  
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7.3 Study III 

A total of 402 patients randomized to the intervention group in study II was included to 

investigate the prevalence of drug-related ED visits and associated risk factors. The study 

population had median age 67 years (IQR 27, range 19-96), and according to the reconciled 

drug list used median 4 regular drugs (IQR 6, range 0-19).  

Main findings: 

 In total, 79 (20%) patients had a drug-related ED visits, of these 22% was probably 

drug-related and 79% was possibly drug-related. 

 Identified risk factors: increasing age, increasing number of regular drugs, medical 

referral reason in general (compared to surgical), and specifically Hemorrhage or 

anemia, and Dizziness, syncope, or tendency to fall 

 Adverse effects and non-adherence were the most common causes of drug-related ED 

visits, registered as cause in 72% and 17% of the drug-related ED visits, respectively.  

 Antithrombotic agents were the drug group most frequently involved in drug-related 

ED visits, whilst immunosuppressants had the highest relative frequency.  

 Physicians treating the patients documented only 11% of the identified drug-related 

ED visit as drug-related in the discharge notes.  

 

Conclusion 

Drug-related ED visits are a major concern regarding drug-related patient safety in ED, as 

only a minor part of the identified drug-related ED visits was documented by physicians. The 

associated risk factors can be used to identify patients in need of additional attention 

regarding their drug list during the ED visit. Further, the risk factors can be used as alert signs 

by healthcare providers in primary healthcare to identify patients where a systematic 

medication review is needed, and thus maybe prevent future drug-related ED visits. 
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7.4 Study IV 

During the total observation time of 91.4 hours, 31 ED physicians were observed to 

investigating ED physicians working patterns.  

Main findings: 

 ED physicians spent majority of their time gathering information (36.5%), 

communicating (26%), and documenting (24%) 

 In total, 18% (95% CI 17%, 19%) of the physicians’ time were spent on drug-related 

tasks 

 On average, physicians spent 7.8 minutes (95% CI 7.2, 8.6) per hour to obtain and 

document patients’ drug lists at admission. This time was distributed on several 

fragmented tasks:  

o 1.7 minute was spent talking to patient/next of kin  

o 2.0 minutes were spent gathering information on computer or paper 

o 4.0 minutes were spent on documentation (on paper and computer)  

 Physicians multitasked for 17% (95% CI 15, 21) of the drug-related task time and 10% 

(95% CI 9, 11) of the non-drug-related task time (p<0.01). 

 In total, physicians were interrupted 4.0 (95% CI 3.6, 4.4) times per hour. Interruption 

rate during drug-related task time were 4.3 (95% CI 3.0, 5.2) times per hour (p = 0.81, 

compared to the interruption rate for non-drug-related task time). 

Conclusion: 

The findings from this study illustrates that ED physicians are required to conduct numerous 

essential tasks and distributes a minor proportion of their time on drug-related tasks. 

Gathering information in general were the most time-consuming task overall, and also the 

most time-consuming drug-related task. The results reveal that physicians use multiple 

sources to obtain and document drug lists at admissions, and that the process is fragmented. 

Reliable, easily accessible sources to patients medical and drug history is highly needed to 

improve drug-related patient safety with regards to drug information flow during transitions 

of care. Compared to prior studies performing MR in ED setting, the ED physicians in our 

study spent less time obtaining and documenting drug lists.  
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7.5 Patient flow charts of Study I, II and III 

Study I 

In total, 57.9% of patients admitted to the ED were included in the two first data collection 

periods. MR was finalized in 87.0% of the included patients. In 13% of the included patients, 

MR could not be finalized (12% due to no drug list documented by physicians before patients 

left the ED, and 1% due to lack of drug information). 

  

Figure 8. Patient flow chart for patients included in study I. 
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Study II and III 

Approximately 1900 patients were admitted to the ED during data collection, 43.7% of these 

patients were assessed for eligibility for inclusion. The remaining patients were not assessed 

due to ED crowding which exceeded study pharmacists’ capacity. 
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8 Discussion 

8.1 Methodological considerations 

8.1.1 Study setting 

Most patients admitted to hospital receive their first consultation during the ED stay. The ED 

setting is also where the drug history traditionally is obtained, and further drug treatment 

during the ED visit and potential hospital stay is based on the drug history obtained in the ED. 

It is reported that up to 27% of hospital prescribing errors have been linked to inaccurate or 

incomplete ED drug lists (74). Hence, MDs which occur during the ED stay can stick with the 

patient during the entire hospital stay. This highlights the importance of obtaining a correct 

and complete drug list during the ED stay. Patients’ signs and symptoms are assessed by ED 

physicians, and a decision regarding hospitalization or direct discharge is made. If ED visits 

caused by patients’ drug treatment are not identified during the ED stay, physicians might end 

up misdiagnosing and treating the symptoms instead of the actual problem (14). The ED has a 

time-pressured work environment with frequent interruptions, there is often lack of essential 

information about patients medical history and drug history, and communication methods/ 

preconditions can be poor (186). It is therefore crucial to study factors affecting drug-related 

patient safety in the ED setting to be able to identify what stages in standard care which are 

possible and beneficial to redesign. Additionally, since LOS in hospitals is decreasing 

worldwide (187), investigating interventions conducted during the ED stay i.e., early during 

the hospital admission is important. Thus, the ED setting was chosen as study setting for the 

project presented in this dissertation.  

The nature of the ED setting, however, result in a more challenging study setting compared to 

other clinical settings, e.g., in-hospital, outpatient clinic and primary healthcare. Average LOS 

in the investigated ED was 3.2 hours in 2018. Hence, all patients included for studies I, II and 

III were available for pharmacists-led interventions for a relatively short amount of time. In 

addition, due to the fast-paced workflow, the possibility for dialogue with ED physicians 

regarding for instance identified DRPs was also limited. 
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8.1.2 Study design 

Determining prevalence of clinically relevant MDs and drug-related ED visits were aims in 

studies I and III, respectively. In addition, revealing prevalence was essential for identifying 

patient specific risk factors and development of the prioritizing model (study I). An 

observational study design is adequate to investigate research questions regarding prevalence 

(188, 189) and were therefore chosen for these studies.  

The aim in study II was to investigate the impact of a pharmacist-led intervention on clinical 

outcomes for patients admitted to the ED. A RCT was chosen as study design, as this provides 

the best evidence on effectiveness of an intervention (189). As no prior RCTs investigating 

impact of pharmacists-led intervention in the ED setting were published, it was decided to 

include all patients admitted to the ED.  

In study IV, ED physicians’ working patterns and distribution of time between various work 

tasks were the scope. A time-motion study in the form of direct, continuous observations is 

the favored design for such purpose(163). It was determined to use the validated time-motion 

method WOMBAT (167, 178), which is based on direct, continuous observations. WOMBAT 

is specifically developed and validated to provide a reliable method for investigating the 

complexity of clinical working patterns (178).  

An expert panel was used to retrospectively classify clinical relevance of the prospectively 

identified intervention findings (study I and II) and to determine association between patients’ 

drug use and reason for ED visits (study III). This combination of a prospective intervention 

with a retrospective expert panel assessment was chosen because prospective and 

retrospective methods of classification both have limitations when used in an isolated fashion 

(62, 90). In study III, the retrospective assessment balanced the prospectively available 

information by also assessing patients’ final discharge diagnoses and additional laboratory 

tests results from the hospital stay.  

8.1.3 Selection bias 

Study I 

Study I included 58% of patients admitted to the ED during the first two data collection 

periods (Figure 8). Comparative analyses were conducted to investigate potential differences 
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between included and not included patients. There were no significant differences in age, sex, 

tentative referral reason or who referred the patients. However, significant difference was 

revealed in distribution of triage-status (p<0.001) and department allocation of referral reason 

(p=0.032). Regarding triage status, no patients with triage 1 (red) were included. In exchange 

a higher proportion of patients with triage 2 (orange) was included, compared with proportion 

among patients not included. It is noteworthy that the triage status was unknown for a higher 

proportion of the non-included population (due to retrospective data collection for these 

patients), compared with the included population. Thus, the distribution of the triage variable 

was thus uncertain in the non-included population. Further, the included population comprised 

a higher proportion of patient with medical referral reasons, and a lower proportion of patients 

with surgical referral reasons compared with the non-included population. Only the variables 

refer to in this section were available with regards to the non-included population. Hence, 

selection bias regarding other variables cannot be rejected. 

Due to restrictions in expert panel capacity, 48% of the patients where MR was completed 

were comprised in prioritizing model development (building and testing). The prevalence of 

clinically relevant MDs was determined based on the study population in the second period of 

data collection. Selecting every second patients to assessment by the expert panel is not a 

robust randomization method and may have introduced additional selection bias. 

Studies II and III 

As the patient population in studies II and III had the same origin, selection bias issues are 

similar in these two studies. 

The inclusion procedure comprised a brief information session and required written informed 

consent. Hence, the most severely ill patients could conceivable have declined to participate 

in the study to a larger degree than others or was not eligible for inclusion. This is supported 

by patients with triage category 1 (red) being underrepresented in the study population, only 

one patient with triage category 1 (red) was included. Underrepresentation of the most 

severely ill patients may also explain why fewer patients in the study population (68%) was 

admitted to a hospital department after their ED visit, compared to annual summary statistics 

from the ED at Diakonhjemmet Hospital (73%). Annually, a total of 97% of patients with 

triage 1 is admitted to a hospital department after the ED visit, compared to 17-89% of 

patients with other triage categories (triage 2-5). 
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Of patients admitted to the ED during data collection shifts, 44% were assessed regarding 

eligibility for inclusion (Figure 9). To limit selection bias, study pharmacists had no specific 

criteria for which patients to include in case of ED crowding. Summary statistics from 

Diakonhjemmet Hospital for the period from 2017 to 2018 reveal that 57% of patients 

admitted to the ED were aged over 65 years, 73% of patients were referred with a medical 

referral reason, and 27% with a surgical referral reason. Hence, both the annual age-

distribution and distribution regarding allocation of referral reason were similar to the study 

population. According to patient data security guidelines we were not permitted to record 

patient demographics for the non-included population, selection bias regarding other variables 

can therefore not be ruled out.  

Study IV 

Due to the roster-based affiliation of physicians to the ED, the proportion of physicians 

enrolled from the total number of available physicians was not calculated. To reduce selection 

bias, observers randomized which of the available physicians to include before each 

observation session, and each included physician was maximum observed for two sessions. 

Further, the pre-set observation session timetable was designed to comprise different hours 

and days (weekdays/weekends between 9:00 am to 9:00 pm). Data collection duration was  

approximately 3 months, which also reduced the potential selection bias as the physician staff 

in the ED was frequently altered due to the roster-based affiliation.  

8.1.4 Expert panel assessments 

It has been argued that using expert opinions or global introspection (such as WHO UMC 

classification) in causality assessment result in poor reproducibility and inter- and intra-rater 

agreements (190, 191). Causality assessment algorithms, such as Naranjo and colleagues’ 

method (192), have frequently been used in prior research regarding DRHAs (62) and drug-

related ED visits (14, 16, 78, 79). It is argued that use of algorithms provides higher inter-rater 

agreement, due to the fixed framework for the causality assessment (190). A study comparing 

causality assessment methods, revealed that algorithms have a high specificity, but low 

sensitivity compared with expert opinions (193). These results indicate that algorithms have 

substantial rate of false negatives relative to true positives, which could lead to 

underestimating prevalence. In addition, most available causality assessment algorithm are 

developed to assess adverse drug reactions caused by one drug, and usually leave no room for 
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the user to include additional information in the assessment (190). In our study III, we 

investigated drug-related ED visits which could be caused by problems related to one or more 

drugs, the fixed framework of the algorithms was therefore considered as a limitation. The 

expert panel approach was chosen because assessment in an expert panel is quite similar to 

clinical diagnosis and thus closer to the clinical practice than some of the available algorithms 

(190). Because none of the panel members had prior experience with causality assessment, it 

was also considered an advantage that the expert panel assessment was straightforward and 

easier to operate than algorithms. The implicit criteria used by the expert panel during 

assessments were inspired by elements of Hallas and colleagues’ algorithm (175), which 

included criteria for the rating of contribution in dose-related therapeutic failure.  

 

Prior studies have reported that between 57.3 and 70.7% of drug-related ED visits may be 

preventable (16, 78, 84). Preventability of the identified drug-related ED visits in study III 

was not investigated, as the assessment of preventability would have introduced an additional 

subjective aspect to this study. In prior studies, ED visits caused by non-compliance, 

suboptimal dosing and need for additional drug treatment were most frequently found 

preventable (16, 78). Our study found that after adverse effects, non-adherence and 

suboptimal dosing were the most frequent DRPs leading to ED visits. Indicating that a 

proportion of the drug-related ED visits identified in our study could have been prevented. 

To reduce bias regarding group decision making all expert panel assessments (studies I, II and 

III) was conducted in two steps:  

1) All expert panel members first assessed and classified all MDs/DRPs/ED visits 

individually 

2) All members participated in consensus meetings 

To reduce shared-information bias within the group all members of the expert panel received 

the same information, both with regards to the included patients, and the assessment procedure. 

However, we had to trust in the members of the expert panels to share profession-related 

knowledge with the other panel members during the consensus meetings. To reduce 

“groupthink” (194) during the consensus meetings, consensus discussion regarding each 

patient was started with each member of the expert panel presenting their individual 

classification. However, there were not conducted analyses to investigate if specific panel 

members had more impact on consensus compared to the others. 
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In study I, the expert panel had three members, one chief physician, and two clinical 

pharmacists. The two pharmacists also conducted MR in this study, this dual role may have 

influenced the proportion of MDs being assessed as clinically relevant in this study. The 

pharmacists could have been more attached to the assessed MDs and may have had additional 

information in some of the cases. In studies II and III, the expert panel consisted of three 

clinical pharmacists and two chief physicians. One of the clinical pharmacists was also 

involved in performing the intervention in the ED. The bias related to the dual role of one of 

the panel members were assessed as limited. The composition of the team with more than one 

representant from each profession were considered a strength and believed to balance both 

inter-professional and inter-individual differences of opinion.  

As several consensus meetings were held with the same expert panels, we cannot rule out that 

members over time adjusted their individual classifications, to fit with prior group consensus. 

No analyses were conducted to investigate this issue. Further, as each patient was assessed 

individually in the order of inclusion number, we cannot be sure that similar patient cases 

were classified similarly by the expert team over time.  

8.1.5 The intervention in the RCT 

The intervention used in study II, involved two main components, a MR and a medication 

review. These components comprised patient interviews, identification of DRPs and further 

identification of possible actions to manage or solve the problems, documentation of findings 

in the hospital’s patient record, and communication with the physician responsible for the 

patient. Even though our intervention was composite it may not be classified as a complex 

intervention (195) due to the short time aspect of clinical follow-up. However, some of the 

suggestions related to designing complex interventions are applicable also to our intervention.  

Craig et al. state that complex interventions may work best if tailored to local circumstances 

rather than being completely standardized (195). The MR working model was redesigned to 

fit the ED setting in study I, and further used in study II. The medication review methodology 

used in study II, was however not tailored, as this methodology was not investigated in ED 

setting before the initiation of our study. Recent published work has revealed that physicians’ 

acceptance of pharmacists’ recommendations are low in ED setting (196, 197) compared with 

in-hospital setting (111, 198, 199), and low acceptance of pharmacist recommendations has 

recently been identified as a threat to the success of medication review interventions (197, 
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200). Tailoring the medication review methodology to the ED setting before conducting study 

II (the RCT) would have been beneficial. 

Another concern studying the effect of complex interventions is whether the intervention is 

delivered as planned (195, 201). The data collection scheme was piloted in the ED setting and 

written procedures were developed regarding data collection, inclusion- and randomization 

procedure, and the intervention deliverance. The intervention was delivered by three 

experienced clinical pharmacists which were instructed in all the procedures. It can be argued 

that the number of involved pharmacists is too low to state that we investigated the effect of 

the intervention and not the individual pharmacists. However, we believe that the written 

procedures contributed to standardize the intervention deliverance.  

8.1.6 Outcomes in the RCT 

The conclusions in prior systematic reviews and meta-analyses investigating impact of 

medication review on clinical outcomes (118, 122, 123, 202, 203) have been limited by the 

heterogeneity of the reported outcomes in prior RCTs (204). Beuscart et al. published a core 

outcome set with recommended outcomes for studies investigating impact of medication 

review-interventions in multi-morbid older patients (over 65 years) with polypharmacy (204). 

None of the outcomes included by Beuscart et al. were “hard” outcomes, meaning objective 

measures, possible to measure with a high degree of precision (205, 206). As the core 

outcome set (204) was published during our data collection, the chosen outcomes in study II, 

including the primary outcome, do not coincide with the recommended outcomes (204).  

Readmission within 30 days of discharge is widely used as a quality indicator in healthcare 

(207, 208). This outcome is possible to measure with a high degree of precision, thus are 

frequently used as an outcome in healthcare-related research (209). The unplanned 

readmissions are the most relevant to measure, and this is also the focus in the healthcare 

quality indicator (207). Planned readmissions can be a sign of high-quality care with close 

follow-up of patients with chronic conditions. An unplanned readmission is more complex, 

and can be the result of e.g., preliminary discharge (210) or inadequate collaboration between 

the primary and secondary healthcare (211). Unplanned readmissions are also considered 

possible to influence with different interventions, hence to some degree preventable (212). 

Similar to prior RCTs investigating impact of in-hospital pharmacists-led medication review 

on clinical outcomes (111, 112, 116, 161), unplanned contacts with hospital were chosen as 
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the primary outcomes in study II. Originally, we planned to analyze the primary outcome 

divided into proportion of patient with an unplanned ED visit and proportion of patients with 

an unplanned readmission. However, due to the uncertainty regarding coding of the ED visits 

in the NPR data, it was decided to analyze unplanned contacts with hospital as one outcome. 

It was considered important to include both the readmissions and the acute ED visits in the 

outcome, because the unplanned ED visits also stress the healthcare service, and these patients 

also require adequate healthcare. This decision resulted in a more conservative outcome, 

which may have affected the results. Long-term follow-up (i.e., at least up to a year) have 

been proposed necessary to provide more definite evidence for the impact of medication 

review on clinically important outcomes (118). Hence, in study II it was decided to follow 

patients for 12 months after inclusion stay discharge.  

ED LOS is frequently used as a tool to monitor emergency care quality (5). Reducing LOS in 

hospital is a policy aim for many healthcare systems and is thought to indicate efficiency in 

hospital treatment (213). ED LOS and LOS in hospital are therefore easily accessible 

outcomes. According to Asplin et al. (35), diagnostic work up and treatment decisions 

occupies the majority of the ED LOS. In study II, it was hypothesized that the intervention 

could increase the accessibility of drug information at transition of care, and thus decrease ED 

LOS. It was also though that an assessment of patients’ drug lists and identification of DRPs 

early during the ED stay could improve documentation and communication regarding this 

during the hospital stay, and thus decrease LOS in hospital. However, ED LOS and LOS in 

hospital are complex outcomes affected by numerous factors. ED LOS has been found to be 

influenced by efficient use of triage systems, nurse and physician staffing, efficiency and use 

of diagnostic testing (e.g., laboratory, radiology), accessibility of medical information, the 

quality of the documentation and communication systems in the ED, and in-hospital capacity 

(35). Additionally, a recent study found that ED LOS were influence by remaining time until 

physicians shift ends (214). Physicians spent less time to discharge a patient from the ED 

(either to hospital department or home) late in their shift compared to early during their 

shift(214). LOS in hospital has been reported influenced by patients’ age and history of 

previous admission, patients’ condition, type of treatment given during hospital stay, number 

of hospital beds (215, 216). In Norway, LOS in hospital is also influenced by capacity in the 

municipal managed healthcare. Patients LOS in hospital can be prolonged awaiting free 

nursing home beds. After initiating the Health Care Interaction reform 

(“Samhandlingsreformen”), a collaboration reform between secondary healthcare and 
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municipally-managed home care service and nursing homes, this issue is increasing (217). 

Considering all factors influencing ED LOS and LOS in hospital this may not be optimal 

outcomes for the intervention investigated in our study, especially since the intervention only 

targeted a small piece in a large puzzle.  

The population included in our RCT, differs from the multi-morbid older patient group of 

which were the scope of the developed core outcome set (204). However, comparing our 

groups regarding some of the outcomes listed in the core outcome set, such as overuse of 

drugs, underuse of drugs, potentially inappropriate drugs and clinically significant drug-drug 

interactions, could have provided more information regarding the effects of the conducted 

intervention on optimalization of patients’ drug therapy. The only clinical post-discharge 

outcome included in the core outcome set were DRHAs, which is an outcome measure with 

potential to increase patient safety. A recent systematic review focusing on drug-related 

hospital readmissions (218), concluded that 21% of hospital readmissions were drug-related. 

Further, it was stated that 69% of these readmissions were preventable. However, without a 

standardized definition of DRHAs, it can be challenging to measure this outcome in RCTs, 

and further to compare impact between studies (62, 219).  

Study II was designed as a hybrid RCT approach with elements from both active data 

collection combined with outcome measures harvested from routinely collected data, e.g., 

NPR data and LOS (220). A recent meta-research study revealed that RCTs using routinely 

collected data for outcome ascertainment show smaller treatment benefits compared with 

traditional RCTs not using routinely collected data (220). The hypothesis presented by Mc 

Cord et al. to explain this finding was that trials using routinely collected data might be more 

pragmatic than traditional trials. In addition, the trials using routinely collected data reflect a 

more natural care settings with less eagerness to artificially increase treatment adherence.  

8.1.7 Logistic regression 

In studies I and III, logistic regression was applied to identify risk factors. In both studies the 

dependent variable in the logistic regression was determined through expert panel assessment, 

which can be a limitation. To reduce the uncertainty of the assessments the dependent variable 

in both studies was dichotomized before logistic regression analysis. All available clinical 

variables were investigated regarding correlation with the dependent variable in both studies. 

However, we cannot rule out that some associated variables may have been omitted, due to 
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limitation of information; for instance, specific information about drug-groups in study I, and 

triage, number and types of earlier diagnoses in study III.  

We expected some of the variables to be correlated, such as age, number of used drugs and 

number of earlier diagnoses (the latter only included in study I). In the prioritizing model built 

in study I it was considered important that all variables included in the regression model were 

easily accessible early during the ED stay. Hence, number of used drugs and number of earlier 

diagnoses were therefore ruled out. It was not revealed any interactions between the variables 

included in the final prioritizing model.  

In study III, the aim was to identify risk factors, and all variables were analyzed separately to 

determine the odds ratio of drug-related ED visits. No attempt to build a prioritizing model 

was done in this study. Thus, both age and number of used regular drugs were listed as risk 

factors. Hospitalization rate was checked for correlation with age, because this could 

contribute to explain the finding. However, the results were consistent even after adjusting for 

age, and our data could not determine whether this result represented an association, a 

causation, or both. 

8.1.8 The questionnaire 

The questionnaire used in study I was not validated, and some of the questions may have 

triggered a recall bias. For instance: What sources do you usually use when taking the drug 

history? Followed by a list of 17 pre-set answer options. Further, the questions regarding 

physicians’ time use on drug history taking were ambiguous regarding what should be 

involved in the time-estimate. The formulation of the question was: How much time do you 

use when taking a drug history, including time to clarify questions regarding what drugs 

patients have been using before admission? with 5 pre-set answer options (0-5 minutes, 6-10 

minutes, 11-20 minutes, 21-30 minutes, and >30 minutes). Whether physicians included only 

the information gathering part of the drug history taking or also the documentation part is 

unknown. Self-reported time spent on activities has also been reported to be of limited value, 

when estimating the mean time per activity (221),  because of perceptual differences between 

participants of what constitutes an activity. 

Of the eligible physicians, 77.1% received the questionnaire, 70.4% of these completed the 

questionnaire. Hence, only 54.3% of the eligible physicians completed the questionnaire. We 
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therefore cannot rule out response bias. In addition, the physicians received the questionnaire 

directly from a pharmacist or an ED nurse involved in conducting MR in study I. This may 

have led to a higher response rate from physicians’ who initially were positive to MR in the 

ED.  

Based on several weaknesses and high risk of potential bias, it was decided not to heavily 

emphasize the results from this questionnaire in the final paper I.  

8.1.9 Time-motion studies 

According to the Enhancing the QUAlity and Transparency Of health Research (EQUATOR) 

network there is currently no specific reporting guideline available in their database tailored 

for time-motion studies (personal communication S. Kirtley, EQUATOR Knowledge and 

Information Manager, 30 July 2020). Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE)-statement (222) for observation studies can be utilized. However, 

the STROBE-statement does not completely cover the complexity of the time-motion design. 

To standardize designing and reporting of time-motion studies, researchers is encouraged to 

adopt Zheng’s methodological reporting checklist (STAMP) (223) to describe the details of 

the implementation of the method (163). Study IV was designed and reported according to 

STAMP, also considering the applicable recommendations in the STROBE-statement. 

One of the strengths with our time-motion study is the continuous observation approach 

enabling us to record physicians’ working patterns in real time. This approach provided 

highly detailed data regarding conducted task and time consumption, linked to location, tool 

and other involved personnel data. Using the WOMBAT-method, applied with the 

WOMBAT-software (167, 178), simplified a complex data collection, as we were able to 

collect majority of the data simultaneously. However, the continuous observation method 

restricted the observation session time due to risk of observer fatigue. We were not able to 

observer physicians through full shifts, which may have affected the results. Work sampling 

and is another approach utilized in prior time-motion studies investigating the distribution of 

staff work activities (19, 163). In work sampling, it is registered if a task is performed at a 

given time-point, and further repeating the measure at predefined fixed or random time 

intervals during the observation. Hence, work sampling relies on the repetitive nature of work 

and assumes the probabilistic generalization of the sampling results to describe how workers 

spend their time (163). Work sampling enables observers to observe more participants 

simultaneously and is also argued to reduce the Hawthorn effect (19). However, it is a 
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concern that work sampling may not provide an acceptably precise approximation of the time 

distribution that would be obtained by continuous observation time-motion studies (163, 221). 

It has been broadly reported that the nature of clinical working patterns are unpredictable 

(164). Thus, complex frameworks and continuous observations is the favored design of time-

motion studies (163), and were therefore chosen for our study IV. 

Erroneous recordings could be changed during data collection in our study IV, if corrected 

before two other tasks had been recorded. Only a few obvious erroneous recordings were 

corrected in the final database directly harvested from the WOMBAT-software. Majority of 

these corrected recordings were marked by the observers during data collection, by writing 

down time of error, the erroneous recording, and what recording was correct. On average 160 

single tasks with range between 81-233 (not accounting for multitasking) were recorded in 

each observation session (two hours). Hence, the collected data were highly detailed, and we 

cannot ensure that all erroneous recordings were corrected. However, the performed IRR 

testing revealed substantial agreement between the two observers, which strengthens our 

findings. 

Like all direct observation studies, time-motion studies include risk of observers’ presence 

interfering with working patterns of the observed participant (i.e., the Hawthorne effect 

(224)). Subjects might feel disturbed, and sometimes an improvement in performance can be 

evidenced by the presence of an external observer (163, 224). The information lectures 

regarding the study aim and method given to physicians before study start, may have 

enhanced the Hawthorne effect. However, these lectures were necessary to prevent 

interruptions of observers during observation sessions. To reduce the potential Hawthorne 

effect, the observation session procedure was explained to the included physicians before 

observation session start. As far as possible, the observers did not talk to the observed 

physicians during the observation session. If physicians started to explain what they were 

doing, the observation procedure was shortly reiterated. These short conversations were 

recorded as “non-drug-related professional communication with others” and might have 

influence this discreet category. 

8.1.10 Retrospective assessment of outcomes 

Acceptance of pharmacists’ recommendations in study II was calculated through comparing 

identified DRPs with changes during the hospital stay. This is not an optimal approach as we 
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cannot be certain that the changes were conducted because of the pharmacists’ 

recommendations. Optimally we should have registered if the ED physicians accepted the 

recommendation or not immediately. However, in the fast-paced workflow there was little 

room for discussion with physicians. The chosen approach can only indicate what 

pharmacists’ recommendations were in line with the chosen changes during hospital stay. The 

presented acceptance rate can thus both represent real acceptance of the pharmacists’ 

recommendations and/or changes physicians themselves considered relevant and these 

changes coincidentally matched the recommendations made by study pharmacists.   

Further, physicians’ documentation of drug-related ED visits was determined by 

retrospectively reviewing discharge notes, therefore we cannot conclude regarding 

physicians’ recognition of drug-related ED visits. Only recording documented cases, may 

have underestimated the recognition compared with studies where physicians’ have been 

asked at the end of their shift if they considered admissions to be drug-related or not (14). 

However, if the next link in the healthcare chain should follow-up on drug-related events 

leading to an ED visit, documentation in discharge notes is the safest communication form. 

Our registration of documented drug-related events represents the information passed on to 

the next link in the healthcare chain. 

8.1.11 Validity 

Internal validity 

Our prioritizing model (study I) was internally validated. However, according to a recent 

systematic review (225), our event frequency may have been too low to suggest that the 

validation was adequately powered. In the systematic review, an event frequency >100 is 

suggested as adequate. Sensitivity and specificity of our prioritizing model were calculated, 

and were acceptable compared to both prior and post published risk assessment tools (225).   

The lack of specific inclusion criteria resulted in inclusion of heterogenous populations in 

studies II and III, and this may threaten the internal validity of the RCT data (study II). Before 

our RCT was initiated pharmacist-led medication review interventions in ED setting was not 

investigated. The literature therefore gave no obvious indications of patient groups which 

could benefit from such interventions. In addition, to determine prevalence of drug-related ED 

visits it was necessary to include a real-world population. Introducing specific inclusion 

criteria could have increased the internal validity of the RCT data (study II). However, this 
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would have reduced the external validity of data in both study II and study III. The internal 

validity of the data from the RCT (study II) was, however, strengthened by a well-conducted 

randomization procedure where study pharmacists were not able to predict group allocation. 

Further, three experienced clinical pharmacists served as study pharmacists and followed 

standardized study procedures developed for all study elements considered critical (inclusion 

and randomization, intervention conduction and registration of data). Finally, chosen 

outcomes were objective measures and possible to measure with a high degree of precision 

for majority of included patients (foreign patients excluded). According to our intention-to 

treat analysis in the RCT (study II) it can be argued that the low implementation of study 

pharmacists’ findings threatens the internal validity, thus an additional per-protocol analysis 

where provided. However, the calculated sample size was not reached in per-protocol 

intervention group patients, leading to uncertainty regarding the calculated results.  

The determination of clinically relevant MDs (study I), DRPs (study II) and drug-related ED 

visits (study III) can be biased as discussed in the methodological considerations section in 

this dissertation. However, the prevalence and identified risk factors presented in studies I and 

III were in line with prior studies, which supports the validity of the classifications from the 

expert panel assessments. In addition, in study III, the combination of obtained information 

from the prospective intervention with the retrospective expert panel assessment provided a 

more robust methodology compared to previous studies and strengthens the face-validity of 

the results in this study. 

In study IV, the validated WOMBAT-method was utilized for data collection. Detailed 

descriptions of each discrete category were developed based on data from a pre-study period. 

The final discrete category-framework was tested in a pilot-period and work task categories 

was reviewed by a senior consultant and an experienced clinical pharmacist, which 

strengthens the internal validity of the recorded data. Two observers recorded data, and this 

also increase the validity, especially as the agreement between observers were substantial both 

before and during data collection. Majority of the outcomes were calculated from data directly 

harvested from the WOMBAT-software, hence measurable with high precision. The internal 

validity of the reported results per patient is more uncertain. Number of patients treated by the 

observed physicians was recorded by the observers consecutively after each session (outside 

the WOMBAT-software) and were not further verified. The number of treated patients was 

missing for one observation session, and classification information (new/follow-up patient) 
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was missing for 6 observation sessions. The per-patient calculation was conducted on the 

available data. These estimates were however presented together with the observed time spent 

on task and percentage of total task time which was reliable measures.  

External validity 

As discussed in the methodological considerations section, selection bias is an issue in all four 

studies included in this dissertation, which may reduce the external validity of our results. 

In study I, we were able to compare the included patients with non-included patients 

regarding a selection of variables. It was found significant differences between groups 

regarding triage categorization and department allocation of tentative referral reason. These 

differences may reduce the generalizability of the results. We cannot claim that our results are 

representative for patients with triage 1 (red). There may also be uncertainty regarding the 

presented results of surgical referral reason as a risk factor for clinically relevant MDs. 

However, this finding is in line with other studies(76, 77).  

 

Regarding study population in studies II (the RCT) and III, we were not permitted to record 

specific patient demographics for the non-included population due to patient data security 

guidelines. Summary statistics from the ED at Diakonhjemmet Hospital from 2017 to 2018 

reveal that both the annual age distribution and distribution regarding allocation of referral 

reason were similar to the study population. However, the results may not be generalizable to 

patients with triage category 1 (red), as these patients were underrepresented in the study 

population.  

Population in Norwegian EDs is found different from ED populations in other countries, this 

may reduce the generalizability of the results from studies I, II and III. Especially, the 

identified prevalence of clinically relevant MDs and drug-related ED visits in studies I and III 

is highly dependent on the investigated population. Age (studies I and III) and hospitalization 

rate (study III) were identified as risk factors and coincide with differences in ED populations 

comparing Norway to other countries. However, the prevalence reported in study I is in line 

with prior international studies, and the prevalence reported in study III is in line with 

international studies investigating populations with the same age diversity (79, 80), which 

support the external validity of our findings. The presented risk factors in studies I and III 

were identified by comparing patients with and without clinically relevant MDs/drug-related 

ED visits from the same population. Hence, the identified risk factors may be more 
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generalizable than the reported prevalence, which is supported by majority of the risk factors 

being in line with prior studies.  

 

In study IV, it was necessary to conceptualize discrete categories tailored for the aim of the 

study. This may have reduced the external validity by making it more challenging to compare 

the results with other studies. It was, however, attempted to keep the main work task 

categories as similar as possible to prior studies (19, 166). In addition, detailed descriptions of 

all categories were provided to clarify interpretation. The results regarding physicians’ time 

distribution from study IV depend on national specific organization of the ED and the patient 

flow to the investigated ED. As organization of EDs vary both between countries and even 

within countries, the results may not be directly generalizable to other EDs. However, as this 

is the first study to quantify physicians’ distribution of time between drug-related and non-

drug-related activities and our discreet categories are well described, this can be a useful 

framework for similar ED studies in other EDs both nationally and internationally.  
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8.2 Discussion of main findings 

In this section, main findings of the studies included in the dissertation are discussed. 

Additional findings are discussed in each paper respectively. Some of the topics discussed in 

this section are scarcely investigated, these topics are therefore discussed in a broader context. 

8.2.1 Medication reconciliation in emergency department - working model and prioritizing 

model 

Study I propose a redesigned working model for MR adjusted to the ED setting. The 

redesigned working model was perceived more efficient compared to the original MR 

working model. However, results from study II suggest that additional redesign of the MR 

methodology is required to make the working model satisfactorily efficient in the ED setting. 

A proposal for further redesign of the methodology is to allow trained clinical pharmacists to 

obtain the drug history and document their findings directly in the medication chart (226). 

Such practice will reduce transfer errors as we observed in the RCT (study II). However, this 

practice is currently not systematically implemented in Norway. One recent study revealed 

that majority of the identified medication errors occurred on the first day of hospitalization 

(227), thus underlining the advantage of interventions conducted early during hospital 

admissions. However, even with an efficient working model, using pharmacist resources to 

perform ED MR solely, may not be cost-beneficial as other professions may do this task with 

equal quality at a lower price (107, 108). This was also confirmed in our study I, as there was 

no difference in frequency of identified clinically relevant MDs between the ED nurse and 

clinical pharmacists conducting MRs. Further, concentrating pharmacists in the ED may 

reduce in-hospital pharmacist resources at the expense of patients in need of in-hospital 

pharmacist interventions (45). Although, combining prioritized pharmacists-led ED MR with 

identification of suspected drug-related ED visits (study III) and a referring system of patients 

to in-hospital pharmacist interventions may lead more efficient use of pharmacist resources.  

Study I also provided an implementable prioritizing model tailored for the ED setting aiming 

to identify patients at high risk of clinically relevant MDs occurring at ED admission. During 

data collection and after publication of our study (paper I), numerous risk assessment tools 

have been published. Majority of the developed risk assessment tools aim to predict whether a 

hospitalized patients will need intervention from a clinical pharmacist during hospital stay. 

Hence, this is the scope of several systematic reviews including and evaluating the developed 
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risk assessment tools (64, 225, 228-233). Only four risk assessment tools specifically aim to 

detect or has included assessments of MDs in the development of the tool (227, 234-236), and 

therefore are comparable to our prioritizing model. An external validation of one of these risk 

assessment tools (234) found that only four of the 38 included risk factors were significantly 

associated with at least one unintentional MD (237). A study using one of the other risk 

assessment tools (236) reported that the algorithm failed to identify unintended omission of 

drugs (238). As omission of drugs is found to be the most frequent MD type at hospital 

admission in several studies (227, 239-241) and also in our study I, this is a significant 

limitation of this risk assessment tool with regards to prioritizing patients for MR. With the 

exception of tentative referral reasons, the risk factors included in our prioritizing model 

(study I) are also included in the above mentioned risk assessment tools and one of the 

systematic reviews (64) (age (64, 227), female gender (64, 235), and prior hospital admissions 

(227, 234)). In addition, admission to a surgical department was found to have a non-

significant association with medication errors in one of the risk assessment tool studies (227). 

The three other discussed risk assessment tool studies only included patients from medical 

department. The four discussed risk assessment tools all included number of drugs and other 

criteria not available at ED admission; admitted to hospital following the ED-stay (yes/no) 

(235), use of specified drug groups (227, 236, 237) (e.g., psycholeptics and anticoagulants) 

and best possible drug history available (yes/no) (227). This reflects that in contrast to our 

prioritizing model (study I), the discussed risk assessment tools are not solely developed to 

prioritize patients for MR in the ED. A unique feature and a strength with our prioritizing 

model, is that the model can be used to screen patients without having to check the patient 

record for all eligible patients. A disadvantage with all the discussed risk assessment tools, 

including our prioritizing model is that the assessment of patient must be performed manually 

by healthcare personnel. Recently, electronical risk assessment tools have been developed to 

prioritize patients for clinical pharmacists interventions in hospital setting (228), for instance 

systems which runs in the background of the electronic patient record to identify patients with 

preselected risk factor indicators (242).  

An important perspective not addressed under external validity in this dissertation, is whether 

our results from study I are generalizable considering the rapid evolution of electronical 

databases (156, 157) and focus on MR (152, 153) in Norway in recent years. Introduction of 

the Prescription Intermediary and the Summary care record were believed to decrease MDs 

(152). These databases were fully implemented after completion of study I. However, in study 
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IV we revealed that ED physicians only used the Prescription Intermediary as a source for 

gathering drug-related information for every 4th patient. We proposed a hypothesis that 

physicians’ limited use of the Prescription Intermediary could be related to reliability of this 

database. It has been reported that electronical drug/ medical records, such as the Prescription 

Intermediary and the Summary care record, may be incomplete and not accurately reflect 

what drugs patients are taking (243, 244). A recent Norwegian multicenter in-hospital study 

(currently unpublished, David Karimi, Helena Z. Mikaelsen, and Ingeborg H. Ulla, personal 

communication 22 April 2022) revealed that 42-60% of patients had one or more clinically 

relevant MDs. These results indicates that despite the comprehensive focus on MR through 

the Norwegian Patient program (153) the last decade and implementation of accessible 

electronical databases, MDs are still a significant concern in Norwegian hospitals.  

8.2.2 Clinical impact of pharmacists-led interventions  

In the study presented in paper II, we found no significant impact of the intervention tested in 

our RCT on clinical outcomes, and these results are similar to the three other ED-studies 

published after initiation of our RCT (196, 245, 246). Hohl et al. (245) conducted a quasi-

randomized trial investigating clinical outcomes of pharmacists-led ED medication review 

and reported an 8% reduction in median LOS in hospital within 30 days from discharge 

compared with standard care. However, a follow-up study to the quasi-randomized study 

(197) found that there was no impact of the intervention on long-term changes to outpatient 

health services utilization. One arm in a RCT conducted by Graabæk et al. (246) investigated 

impact of a pharmacist-led medication review (including patient interview and MR) in the ED 

on drug‐related readmissions. This study did not reveal any impact of the intervention on the 

selected outcomes. Further, Santolaya-Perrín et al. (196) conducted an RCT to assess the 

impact of a medication review program in the ED setting on the number of all-cause 

emergency visits and hospital admissions. In the study by Santolaya-Perrín et al. pharmacists 

assessed potentially inappropriate prescriptions (PIPs) based on the STOPP/START criteria, 

and also identifying DRPs spontaneously. If an ED specialist agreed on identified PIPs and 

DRPs (agreed in 87% of presented PIPs and DRPs), a recommendation was made to the 

patient’s GP to alter the patient’s drug list. No overall impact on emergency visits and 

hospital admissions was revealed. However, a significant effect of the intervention was 

observed in the two study-centers which achieved the highest acceptance rate from GPs on 

treatment recommendations (52-53%).  
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Most studies investigating medication review interventions, including our RCT, describe a 

intervention where issues and possible solutions are recommended to a prescribing physician 

(118). The impact of the interventions is thus more or less dependent of the acceptance rate of 

recommendations, which in previous and recent in-hospital studies varies between 18-82% 

(94, 111, 198-200, 219, 246, 247). In the ED setting, acceptance of recommendations are only 

investigated by Graabæk et al. (54%) (246), Santolaya-Perrín et al. (27-53% acceptance from 

GPs) (196) and our RCT (44.8%). Recent studies have raised concern regarding low 

acceptance of pharmacist recommendations being a threat to the success of medication review 

interventions(197, 200). Considering this, the RCT (study II) could have benefitted from 

being based on the knowledge from study IV. If we had known that physicians spend an 

average 8 minutes per hour on the patients’ drug lists at admission when designing the RCT, 

we may have chosen a different strategy for our intervention. For instance, implementing 

direct documentation of the MR findings in the medication chart, and focused more on follow 

up of the identified DRPs and suspected drug-related ED visits (study III), could have been 

feasible intervention adjustments. As discussed broadly in paper II, the low implementation of 

the reconciled drug list (adjusted for in per-protocol analysis) and low acceptance rate of 

clinically relevant DRPs may have limited the impact of the intervention in our RCT. In 

addition, all studies conducted in the ED setting (196, 245, 246), including our RCT have a 

more pragmatic intervention design compared with in-hospital RCTs.  

After conduction of our RCT (study II), several additional RCTs have been conducted to 

determine the impact of pharmacist-led in-hospital interventions on clinical outcomes. Studies 

from Scandinavian countries are heavily represented (94, 198, 200, 219, 246, 247), illustrating 

that clinical pharmacy is a growing profession in these countries. With regards to MR, 

additional systematic reviews (66, 69, 248), Cochrane reviews (249, 250), and overviews of 

systematic reviews (251, 252) have been published recent years. To summarize present 

literature, some recent primary studies (94, 198, 219) have revealed impact of in-hospital 

pharmacist-led interventions on clinical outcomes, whereas other recent studies reported no 

overall impact (94, 200, 246, 247). Thus, conclusions in recent systematic reviews are 

ambiguous regarding impact on clinical outcomes (119, 253). Complex interventions (195) 

are however highlighted as an important factor regarding impact on clinical outcomes of 

pharmacist-led interventions (119, 253). Hence, the investigated ED interventions (196, 245, 

246), including our intervention, are as currently designed most likely too pragmatic to impact 

clinical outcomes. Most of the recent systematic reviews regarding MR (66, 69, 248, 250) 
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support the conclusions of prior systematic reviews (45, 103-106), reporting that MR 

efficiently reveals MDs and medication errors. The recent overviews of systematic reviews 

(251, 252) both focused on the impact of MR on clinical outcomes and concluded that MR 

alone has no measurable impact on clinical outcomes, underlining the need for complex 

interventions (119, 195, 253).  

Even though complex interventions are found favourable (119, 253), it is important to keep in 

mind that hospital resources in the real-world setting are not unlimited. Pharmacist-led 

interventions therefore must be organized to be cost-beneficial. Heterogeneity in interventions 

and outcomes, and lack of full economic evaluations in previous studies have prevented 

systematic reviews to finally conclude regarding this aspect (254-256). Decreasing LOS 

worldwide (6) and majority of medication errors occurring on the first day of hospitalization 

(227) advocate that interventions conducted early during a hospital stay are necessary. 

However, the barrier regarding acceptance of pharmacists’ recommendations must be 

managed with well-designed interventions. Further, chosen outcomes in previous studies, 

including our RCT, may not have been sufficiently related to the conducted interventions 

(204), this can have contributed to null results in several studies published up to now. As 

discussed in the Methodological considerations section in this dissertation, pharmacist-led 

interventions only affect a minor piece in a puzzle during a patients ED visit or hospital stay. 

Therefore, choosing more suitable outcomes in future RCTs are reasonable (204).  

8.2.3 Drug related emergency department visits 

Study III is currently the only Norwegian study investigating prevalence of drug-related ED 

visits. However, recently two Norwegian studies have investigated DRHAs (91, 92) among 

in-hospital multimorbid patients. Lea et al. (91) used a similar method as described in our 

study to reveal a DRHA prevalence of 38%. Wang-Hansen et al. (92) included patients aged 

over 75 years and used explicit criteria to identify adverse events and to assess the causality. 

This study reported a DRHA prevalence of 21%. According to the findings in these two 

studies conducted in Norwegian hospital departments (91, 92), our identified ED prevalence 

of 19.7% is thus realistic.  

As discussed broadly in paper III, our prevalence of drug-related ED visits differs from some 

of the international studies, both previously and recently conducted in this field. A recent 

study revealed that prospective identification of DRHA provides a higher prevalence 
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compared with assessing coding in patient records retrospectively (90). This is in line with our 

findings, demonstrating a drug-related ED visits prevalence from the expert team assessment 

of 19.7% vs. prevalence when assessing documentation in discharge notes of 2.7%. Recent 

studies on drug-related ED visits assessing coding in patient records have reported prevalence 

between 2.3-3.4% (15, 16). Further, both previous and recent studies (15, 257) and systematic 

reviews (62, 258) has limited the investigation to adverse drug reaction-related hospital 

admissions/ED visits. This limitation of scope leads to an underestimation of the total burden 

of DRHAs and drug-related ED visits. Further, a recent study utilized the QUADRAT-tool 

(96) to assess DRHAs in the Netherlands between 2008-2013 (259). A mean prevalence of 

2.7% was reported for patients aged 18-64 years and 10.2% for patients older than 65 years 

(259). As the QUADRAT-tool does not include non-adherence-related hospitalizations, the 

reported prevalence may be underestimated. A recent systematic review (260) found that the 

prevalence of hospital admissions associated with drug non-adherence ranged from 0.7% to 

10.8%. This systematic review also reported that almost all of these admissions were 

considered preventable (260). The considerable variation in reported prevalence of DRHAs 

and drug-related ED visits in previous and recent studies underlines the impact of utilized 

identification methodology on revealed prevalence. It also calls for a universal definition of 

drug-related hospitalization, especially since DRHAs were proposed as a favorable outcome 

in RCTs investigating medication review interventions (204). 

To simplify identification of patients with DRHAs for research purposes, two risk assessment 

tools have been developed recently (261, 262), in addition to the prior QUADRAT-tool (96). 

The two recent risk assessment tools (Assessment Tool for identifying Hospital Admissions 

Related to Medications (AT-HARM10) (261), and the assessment tool based on the 

OPtimising thERapy to prevent Avoidable hospital admissions in Multimorbid older people 

(OPERAM)-trial (97, 262)), are validated for older patients. Even though both studies have 

reported acceptable positive predictive values (PPV), both tools have their limitations. No 

information is available regarding the drug-related events not flagged (false negatives) by the 

OPERAM-tool (97). In the development and validation of the AT-HARM10-tool, an expert 

panel of only one physician and one clinical pharmacist was used as the gold standard when 

testing the AT-HARM10-tool (261). Due to possible bias in this gold standard, external 

validation of the AT-HARM10-tool is needed. Regarding both tools, further research is 

needed to determine whether the tools can be utilized in younger study populations (age under 

65 years) as well. 
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8.2.4 Emergency department physicians’ working patterns and time distribution 

Currently, study IV is the only study to focusing on ED physicians’ time spent on drug-related 

activities. The study revealed that ED physicians perform numerous essential tasks during 

patients’ ED stay and obtaining and documenting patients’ drug lists were only two of these 

tasks. Further, it was revealed that physicians used multiple sources to gather information, 

especially to obtain patients’ drug lists. A recent report from the Office of the Audit General 

of Norway (“Riksrevisjonen”) (263) revealed that 64% of hospital physicians frequently find 

the referral letter from primary health care to lack information regarding complete drug list 

for the referred patient. Prior and recent studies have revealed that in situations where 

physicians lack information, workarounds are frequently used (155, 264, 265). In the case of 

missing drug information at admission to the ED, a workaround can be to copy the drug list 

from the patient’s last hospitalization instead of taking the drug history from scratch (155). 

Such workarounds can lead to unintended MDs, as patients’ drug lists are frequently altered 

for different reasons after hospital discharges (266-268).  

In study IV, it was revealed that physicians spent 7.8 minutes per hour (estimated to reflect 

time per patient), on obtaining and documenting patients’ drug lists. A recent systematic 

review reported that pharmacists conducting MR in the ED setting spend 13.9-30 min per 

patient (66). Further, a recent Norwegian study found that by utilizing a more efficient MR 

methodology pharmacists conducting MR in the ED setting significantly reduced their time 

per patient from 56 minutes to 37 minutes (269). Hence, reported time spent on structured MR 

conducted in the ED setting is considerably higher than the time spent by ED physicians in 

our study. The recent systematic review (66) further reported that MDs were reduced with 

88% when ED pharmacists performed the MR, indicating that the time spent was worthwhile. 

With this amount of time spent per patient on MR, it would require a massive pharmacist staff 

to cover all patients admitted to the ED. This may not be cost-beneficial as not all patients 

experience clinically relevant MDs as revealed by results in study I. Prioritizing patients for 

MR as proposed in results from study I and other studies previously discussed in this 

dissertation (227, 234-236) can thus be an important initiative. 

Despite the limitations of the questionnaire from study I, results from ED physicians’ self-

reported time spent on drug history taking are remarkable similar to the results in study IV. 

Two prior studies conducted in hospital departments have investigated physicians’ time spent 

on drug-related activities. Westbrook et al. (166) observed 19 physicians at different hospital 
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departments for 151 hours and found that 7% of their time was spent on drug-related 

activities. Furthermore, Richardson et al. (20) observed 16 physicians for 132.4 hours and 

reported that 7.6% of the physicians’ time were spent on drug-related activities. Drug-related 

activities required on hospital departments compared with ED are different. It is therefore 

challenging to argue the plausibility of our results based on comparison with these in-hospital 

studies.  

A recent time-motion study by Schneider et al. (270) investigated both ED physicians’ and 

ED nurses’ working patterns in one German ED and one ED in USA, with specific focus on 

interruptions. In total, 27 ED physicians and 31 ED nurses were observed for 85 hours, the 

study does not report separate observation time per profession group (270). Schneider et al. 

used a more manually data collection method compared with the WOMBAT-method (167, 

178). Observers carried a clipboard, documentation sheets, and a digital wristwatch to record 

work activities and work interruptions. The discreet categories used in this study were thus 

broader, with less details compared with our study, which makes comparison of the reported 

results challenging. In addition, the favorable reporting checklist for time-motion studies by 

Zheng et al. (163, 223) or other study reporting guidelines was not applied in the publication 

(270), which limits the transparency and interpretation of the results. IRR testing was neither 

reported, which makes it challenging to evaluate observer bias in this study. Schneider et al. 

structured the used discreet categories regarding direct and indirect patient care instead of 

structured according to separate task-categories as in our study IV. For instance, in the study 

describe by Schneider et al. there was no separate category for gathering information, which 

was the most time-consuming task in our study IV. Gathering information was not described 

by Schneider et al. in other categories than communicating with patient/relatives, in which 

physicians spend 9.9% of their time. In our study IV, approximately 16% of physicians’ time 

was spent communicating with patients or next of kins (counting both drug-related and non-

drug-related; gather information and professional communication). National differences can 

be one explanation; however, it seems unlikely that the ED physicians investigated by 

Schneider et al. did not spend any time gathering information regarding patients’ prior drug 

history from other sources that patients and relatives. The description of used discreet 

categories is deficient in the study published by Schneider et al., thus some of the time spent 

on gathering information may be hidden in the “documentation” category, in which 

physicians spent 29.4% of their time. This category is exampled as maintenance of medical 

records (electronic and paper records); writing of medical reports (270). What the authors 
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mean by maintenance of medical records remains unclear, underlining the importance of 

application of study reporting guideline in time-motion study to simplify interpretation.  

The discussed study by Schneider et al. (270) and many of the other recent direct observation 

studies (169, 271-274) have focused on interruptions of ED physicians’ activities. This is an 

important aspect as interruptions have been associated with negative impact on ED patients’ 

satisfaction (275),  and increased risk of prescribing errors when interruptions occur during 

drug prescription (169). In our study IV, physicians were interrupted less frequently compared 

with ED physicians in other studies (4.0 times/hour vs. 5.1-8.4/hour) (19, 168, 169, 270, 274, 

276) and Schneider et al. (270) revealed differences in interruption patterns between their two 

investigated countries. This indicates that there may be cultural differences regarding 

interruptions. A recent commentary by Walter (277), however, argued that interruptions in the 

ED setting is not all negative. Walter states that “even if the recipients are adversely affected 

by interruptions, the interrupter has received the information they required or has somehow 

been enabled to carry out his or her role”. Suggesting that frequent interactions between 

colleagues in the ED (including interruptions) are necessary to ensure the efficiency of the 

fast-paced workflow. This harmonizes with the results reported in paper IV regarding 

observed physicians spending more time interacting with other ED healthcare personnel than 

admitted patients. In addition, a systematic review (278) concluded that interventions to 

reduce interruptions have shown limited impact on clinical outcomes. Therefore, it may be 

reasonable to focus on interruptions which actually lead to errors and not interruptions in 

general.  

As previously discussed, medication errors and MDs are found to be of significant concern in 

several countries. ED physicians are assigned the main responsibility with regards to drug 

history taking in many countries, including Norway. Results from a recent study indicate that 

obtaining drugs lists is down-prioritized by physicians when the ED is crowded (186). With 

increasing problems with ED crowding worldwide (9, 31, 32), and the result from study IV in 

mind, it is essential to develop reliable sources to patients’ drug information which can be 

accessed easily in the fast-paced workflow of the ED. In Norway, two projects are initiated of 

which can provide such easily accessible drug information: “Pasientens legemiddelliste” 

(279) and “Helseplattformen” (280). “Pasientens legemiddelliste” is a shared drug list/ record 

between primary and secondary healthcare, pharmacies, and the patients. “Helseplattformen” 

is a shared patient record for primary and secondary healthcare, also accessible to patients and 
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municipal based healthcare (e.g., municipal emergency clinics, nursing homes, and home care 

service. However, complete national implementation of these projects is several years ahead 

(280, 281). It is important that these new electronical systems are perceived as reliable and 

efficient when implemented. A recent study investigating physicians’ use of the Summary 

care record (282), revealed that the hospital-based physicians described the Summary care 

record as a source of additional workload. The explanation for this statement was that 

documentation in hospital’s patient records cannot directly be transferred to the Summary 

Care Record, and thus physicians ended up documenting the same information several times 

in different electronic systems. A recent study from a Danish ED (283) revealed that even 

with an implemented shared drug list between primary and secondary healthcare 81% of 

patients had one or more MDs. As an explained to the findings the authors wrote: All 

physicians are expected to update the shared medication record any time they change a 

patient’s medication, but this does not always occur. Hence, “Patients legemiddelliste” and 

“Helseplattformen” may not solve all problems related to drug-related patient safety in the 

ED. Therefore, it must be considered to engage personnel specifically focusing on drug 

history taking and assessment of the obtained drug lists at admission to Norwegian EDs, for 

instance clinical pharmacists as in several other countries (24, 25, 27, 28, 158). 
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9 Conclusion and clinical implications 

This dissertation has summarized results from four studies with different perspective on 

factors of concern regarding drug-related patient safety in the emergency department setting. 

The conducted studies have generated new knowledge regarding drug information flow, drug-

related emergency department admissions, and tailoring of pharmacists-led emergency 

department medication reconciliation and medication review. The results emphasizes that 

change is needed, both in mindset and workflow in Norwegian emergency departments to 

increase drug-related patient safety in transitions of care. Through the included papers and 

this dissertation strategies and actions which can contribute to provide safer transitions of care 

for emergency patients regarding their drug treatment are proposed. 

Clinically relevant medication discrepancies were found to frequently occur among patients 

admitted to the emergency department. A prioritizing model and a tailored working model for 

medication reconciliation, to standardize drug history taking in the fast-paced workflow of the 

emergency department have been presented. Implementing systematic medication 

reconciliation for high-risk patients during the emergency department stay will increase the 

quality of the obtained drug lists.  

Although not statistically significant, the pragmatic pharmacist-led intervention (medication 

reconciliation and medication review) tested in the randomized controlled trial prolonged the 

time to next unplanned contact with hospital with almost two months compared with standard 

care. These promising results have to be verified by future research. Based on experience 

from the randomized controlled trial, adjustments needed to tailor the intervention 

additionally to the emergency department setting were proposed; clinical pharmacists 

documenting their medication reconciliation findings directly in the drug chart, focusing on 

emergency drug-related problems in the emergency department, and referring patients in need 

of follow-up due to drug-related problems to an in-hospital clinical pharmacist. As one of the 

first randomized controlled trials investigating impact of a pharmacist-led emergency 

department intervention, this study generated valuable knowledge to facilitate future studies 

in this field.  

Drug-related emergency department visits were found to be common, and the low 

documentation of drug-related emergency department visits/ hospital admissions by 

physicians in discharge notes is noteworthy. However, pharmacists were found to be a 
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valuable resource in flagging drug-related emergency department visits early during the 

admission. Based on the results from our studies, combining clinical pharmacist-led 

emergency department medication reconciliation with identification of suspected drug-related 

emergency department visits and clinically relevant drug-related problems are suggested as an 

initiative to increase drug-related patient safety. The identified risk factors (age, number of 

regular drugs, medical referral reason and risk drug-groups) can be used in the emergency 

department to flag drug-related visits, or in primary healthcare to indicate which patients are 

in need of a thorough evaluation of their drug list.  

Our observations of emergency department physicians revealed that most time was spent on 

gathering information regarding admitted patients, which highlights the need for a more 

seamless information flow in general for patients admitted to hospital. The process of 

obtaining and documenting patients drug lists at emergency department admission was 

fragmented, due to interruptions, multitasking and the fact that physicians had to use multiple 

information sources. Clinical pharmacist-led medication reconciliation can thus both increase 

the quality of the drug list and decrease physicians’ workload in the fast-paced workflow of 

the emergency department.  
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10 Future perspectives 

In our paper II we have proposed how medication reconciliation and medication review 

methodology can be redesigned to fit the emergency department-setting in future studies. 

However, our randomized controlled trial did not reveal why implementation of pharmacists’ 

recommendations was low. To answer this, future research in terms of focus group interviews 

with emergency department physicians could reveal important barriers which must be 

considered in the redesigning of the intervention in addition to the proposed actions from 

study II.  

Before designing future randomized controlled trials investigating medication review 

interventions in the emergency department a consideration of the most fitting outcomes for 

such studies is necessary. As the recently published core outcome set (204) propose drug-

related hospital admissions as a favorable outcome in such randomized controlled trials, 

reliable identification tools are needed. The two recently developed risk assessment tools to 

identify patients with drug-related hospital admissions (97, 261) need external validation. A 

future research project is therefore to classify the patients from study III according to AT-

HARM10 (261) and the tool developed from the OPERAM trial (97, 262), and evaluate 

sensitivity, specificity, positive predictive value and negative predictive value of these tools.  

Future research should investigate how limited clinical pharmacist resources in Norway is 

managed in the most beneficial way. In our studies, clinical pharmacists have been found 

valuable in identifying clinically relevant medication discrepancies, clinically relevant drug-

related problems and to flag drug-related emergency department visits early during the 

emergency department visits. In many Norwegian hospitals clinical pharmacists are 

department based, meaning that they deliver their service to patients in a specific department. 

However, this may not be the best organization of pharmacists’ resources, as not all patients 

in a hospital department necessarily need clinical pharmacist interventions. A future research 

project should investigate if clinical pharmacists conducting pharmacist services in the 

emergency department can refer patients in need of pharmacist in-hospital interventions 

through a referral system. Further, the impact of this targeted pharmacist-led intervention 

should be investigated.  
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Abstract 

The main objective of this study was to investigate whether systematic medication 

review conducted by clinical pharmacists can impact clinical outcomes and post-discharge 

outcomes for patients admitted to the emergency department. Method: This parallel group, 

non-blinded, randomized controlled trial was conducted in the emergency department, 

Diakonhjemmet Hospital, Oslo, Norway. The study was registered in ClinicalTrials.gov, 

Identifier: NCT03123640 in April 2017. From April 2017 to May 2018, patients ≥18 years 

were included and randomized (1:1) to intervention- or control group. The control group 

received standard care from emergency department physicians and nurses. In addition to 

standard care, the intervention group received systematic medication review including 

medication reconciliation conducted by pharmacists, during the emergency department stay. 

The primary outcome was proportion of patients with an unplanned contact with hospital 

within 12 months from inclusion stay discharge. Results: In total, 807 patients were 

randomized, 1:1, to intervention or control group. After excluding 8 patients dying during 

hospital stay and 10 patients lacking Norwegian personal identification number, the primary 

analysis comprised 789 patients: 394 intervention group patients and 395 control group 

patients. Regarding the primary outcome, there was no significant difference in proportion of 

patients with an unplanned contact with hospital within 12 months after inclusion stay 

discharge between groups (51.0% of intervention group patients vs. 53.2% of control group 

patients, p=0.546). Conclusion: As currently designed, emergency department pharmacist-led 

medication review did not significantly influence clinical- or post-discharge outcomes. A 

combination of a heterogenous study population and low implementation of pharmacists’ 

recommendations, may explain the lack of impact of the intervention which had a pragmatic 

design. This study did, however pinpoint important practical implementations, which can be 
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used to design improved workflow regarding drug-related issues in the emergency department 

setting.  

Introduction 

Overcrowding in the emergency department (ED) is an increasing worldwide 

challenge[1-3]. Faced with this challenge ED physicians are forced to prioritize their time to 

ensure that all admitted patients receive appropriate emergency care. The time-pressured 

environment in the ED have been identified as a barrier to obtaining an accurate and complete 

drug list[4]. Prior studies have reported that more than 60% of patients referred to EDs are 

registered with incorrect or incomplete drug lists at admission[5-8]. Incomplete information 

about patients’ drug lists during transition of care have negative effects on patient safety and 

quality of care[9-11], as this can affect the clinical assessments of patients’ presented 

symptoms and further drug treatment[12]. It has been reported that prescribing errors are70 % 

more likely to occur at the time of hospital admission than during the hospital stay[13]. In 

addition, drug-related problems are common in the ED. One prior study found that 85% of 

patients admitted to the ED had at least one drug-related problem[14]. And further, several 

prior studies have raised concerns regarding physicians not recognizing that drug-related 

problems could be the cause of the ED visit[15-17].  

Pharmacists-led medication reconciliation increase the quality of the ED drug lists by 

decreasing medication discrepancies between the registered drug list and the drugs actually 

used by patients before ED admission[6,18,19]. Furthermore, systematic medication review is 

a validated method to identify and resolve drug-related problems[20], and also a useful 

method to identify drug-related ED visits[15, 17]. 

Majority of the previous randomized controlled trials (RCT) investigating pharmacist-

led interventions have included in-hospital patients[21-27]. According to two systematic 

reviews meta-analyzing results from these RCTs, pharmacists-led interventions reduce 
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medication errors and reduce subsequent ED visits after hospital discharge[9]. Further, results 

also indicate that a pharmacist-led medication reconciliation at hospital transitions decreases 

drug-related hospital revisits, all-cause readmissions, and ED visits[18]. The interventions in 

some of these prior in-hospital RCTs have demanded massive resources due to follow up, for 

instance following the patient with several medication reconciliations and medication reviews 

during the entire hospital stay and further contacting the patients, by phone after 

discharge[21-25]. As hospital resources in the real-world setting is not unlimited, studies 

investigating more pragmatic and more implementable interventions are necessary. In 

addition, length of hospital stay has decreased worldwide the last decades[28]. Therefore, 

investigating interventions conducted during the ED stay i.e., early during the hospital 

admission is important. 

When initiating the present study, the clinical impact of pharmacists-led interventions 

in the ED-setting was only investigated in one small prior RCT[29] including patients >70 

years. Therefore, the aim of the present study was to perform the first large scale RCT to 

investigate whether implementing pharmacist-led systematic medication reviews in the ED 

can impact clinical and post-discharge outcomes for a general ED population. 

 

Methods 

Study design 

This parallel group, non-blinded RCT was conducted at the ED, Diakonhjemmet 

Hospital, a local, urban hospital in Oslo, Norway. Patients were included consecutively in 

periods from 24 April 2017 until the predetermined target number of 800 patients was 

enrolled on 16 May 2018. Fig 1 presents the patient flow of the study 
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The study was approved by the institutional review board at Diakonhjemmet Hospital 

and the Regional Committee for Medical and Health Research Ethics (2015/1356/ REK 

south-eastern A). Written informed consent was obtained from all patients before inclusion. 

The study was designed and reported according to the CONSORT 2010 Statement[30] (S1 

Appendix CONSORT checklist). The study was registered in ClinicalTrials.gov, Identifier: 

NCT03123640 in April 2017, and closed for new participants May 2018. Fig 2 gives a 

graphical depiction of the study design. S2 Appendix shows the original study protocol, 

protocol amendments, and the timeline of the study with milestones. 

Data for 12 months follow-up was harvested from the Norwegian Patient Registry 

(18/12607-10). Each patient was followed for 12 months from their inclusion stay discharge 

and follow-up was stopped for the last patient on 30 May 2019. 

 

Study setting 

In Norway general practitioners (GPs) and the municipal emergency clinics have a 

gatekeeper function and handle less severe conditions. More severe conditions are referred 

from GPs or municipal emergency clinics or other healthcare personnel of the primary 

healthcare e.g., nursing home physicians, or paramedics, to the hospitals’ EDs. The referring 

healthcare personnel set a tentative referral reason after assessing the patient’s symptoms and 

conducting an initial examination (before the ED admission). Based on the tentative referral 

reason patients are allocated to see a physician from the Department of Internal Medicine 

(Medical referral reasons), or a physician from the Department of Surgery (Surgical referral 

reasons) at admission to the investigated ED.  

In Norwegian EDs physicians are responsible for obtaining and documenting patients’ 

drug lists at admission. In some Norwegian EDs clinical pharmacists are conducting 
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medication reconciliation and communicate their findings to ED physicians. However, this is 

not established as standard care.  

 

Participants 

Annually, 13500 patients 18 years or older with both medical and gastrointestinal or 

orthopedic surgical symptoms are referred to the ED at Diakonhjemmet Hospital. The average 

length of stay in the investigated ED was 3.2 hours in 2018. All patients arriving at the 

investigated ED, willing to/capable of providing written, informed consent were eligible for 

inclusion. Unconscious patients were not included e.g., severe intoxications. Patients aged 

≥65 with hip-fracture were admitted to a specialized ED at another location, hence these 

patients were not included. The patient inclusion was performed by study pharmacists 

working shifts according to a pre-set study schedule, either between 9:00 am and 4:00 pm or 

between 4:00 pm and 10:00 pm, on both weekdays and weekends.  

Originally an exclusion criterion regarding terminal ill patients with short life expectancy 

was stated. This criterion was not feasible to meet in the fast-paced workflow of the ED. 

Hence, patients were included regardless of this issue. Patients readmitted during the study 

period were not invited for ‘a second’ inclusion.  

 

Randomization 

After inclusion, patients were randomized to intervention- or control-group (1:1). 

Department of Biostatistics and Epidemiology at Oslo University Hospital organized the 

randomization procedure. This department had no contact with patients, study pharmacists or 

ED personnel. A random number generator program was used for randomization sequencing 

with a permuted block design. The study pharmacists were blinded to block size, which was 

randomly varied. Allocation information was packed in sequentially numbered, opaque, 
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sealed envelopes and delivered to study pharmacists. At randomization the study pharmacists 

assigned the envelope with the lowest number to the individual participant.  

It was neither feasible to blind patients nor study pharmacists to the allocation. It was also 

impossible to blind the hospital staff regarding which of the patients belonged to the 

intervention group. Affiliates at the ED and hospital were, however, unable to distinguish 

between patients randomized to the control group and patients not participating in the study.  

The Norwegian Patient Registry providing outcome data were blinded to group 

allocation. 

 

Intervention 

The control group received standard care during the ED stay, consisting of triage-nurse 

consultation (often included physical measurements), consultation by physician (including 

physical examination, medical and medication history taking) and nurse consultation. In 

addition, laboratory tests were taken, analyzed, and assessed by physicians during the ED 

stay. Regarding ethical concerns, patients from the control group were excluded after 

randomization if; 1) Physicians at the ED requested an assessment from a pharmacist 

regarding the control group patient, 2) Study pharmacist revealed obvious drug-related 

problems of major clinical relevance during inclusion of the control group patient and had to 

intervene. 

The intervention group received, in addition to standard care, a systematic medication 

review including medication reconciliation conducted by a study pharmacist early during the 

ED stay. The intervention was based on the integrated medicine management (IMM)-

model[31], adjusted to the fast-paced workflow of the ED-setting[5], and conducted by 

experienced clinical pharmacists (study pharmacists).  
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The medication reconciliation consisted of a standardized patient interview, including 

use of a checklist with specific questions about drugs often omitted, e.g., eyedrops, inhalation 

drugs, contraceptives, drugs not taken daily etc. If the patient received assistance with taking 

drugs, the supporting person/personnel was contacted to be interviewed. In addition, sources 

providing information on drug prescribing, e.g., electronical prescription database, drug-list of 

a multi-dose patients, GPs, and other hospitals, were used to verify drugs in use and the 

respective dosages and brand names. The medication reconciliation was preferably conducted 

before the ED physician consultation[5], thus the ED physicians could utilize the results from 

the medication reconciliation during their consultation. Due to the critically illness of some 

patients and occasional ED crowding the medication reconciliation was not completed before 

ED physicians’ consultations for all included patients. The ED physician in charge of the 

patient was, however always alerted orally when the medication reconciliation was conducted. 

In addition, the complete drug list was documented in the hospital’s electronic patient record 

by the study pharmacists.  

Following the reconciliation, a systematic medication review was performed. All 

drugs in the reconciled list were assessed according to predefined drug-related problems 

categories; drug monitoring, adherence issues, adverse effects, drug-interactions, non-optimal 

drug therapy, unnecessary drug (detailed description of the drug-related problems categories 

are presented in Table A in S3 Appendix), based on a validated medication review-tool[32]. 

The systematic medication review was conducted by interviewing patients and assessing 

initial examinations performed by ED nurses as well as laboratory tests results. In addition, 

computer resources were utilized (e.g., interaction databases, summary of product 

characteristics for drugs, and medical databases), and referral letters from GPs and municipal 

emergency were reviewed. After identifying drug-related problems in the medication review, 

possible actions to manage or solve the problems were suggested by the study pharmacists 
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and documented in the electronic patient record, as well as orally communicated to the ED 

physician in charge of the patient.  

After discharge an interdisciplinary team consisting of two chief physicians and three 

experienced clinical pharmacists classified all identified drug-related problems according to 

clinical relevance (issues of importance for the patient treatment). The interdisciplinary team 

had access to the following information for all intervention group patients; demographic data, 

results from laboratory tests during hospital stay, tentative referral reasons, final diagnoses 

(documented in the discharge note by the physician discharging the patient), the patient’s 

reconciled drug list, and identified drug-related problems. The interdisciplinary team 

classified the drug-related problems as clinically relevant to identify in the ED, clinically 

relevant to identify during the hospital stay, or not clinically relevant during the ED/hospital 

stay. 

To investigate the efficiency of the intervention, implementation of study pharmacists’ 

recommendations regarding the documented reconciled drug list and drug-related problems 

was assessed. A study pharmacist retrospectively reviewed admission notes and discharge 

notes written by physicians, in addition to assessing laboratory tests from the ED visit ordered 

according to the medication review findings. The drug lists for intervention group patients 

documented by physicians at admission were considered complete if there were no 

medication discrepancies regarding regular drugs compared with the reconciled drug list 

documented by study pharmacists. Physicians’ acceptance of the study pharmacists’ 

recommendations regarding drug-related problems was determined by reviewing if changes 

related to the recommendations were made in the drug list.  

 

Outcome measures 
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The primary outcome measure was proportion of patients with an unplanned contact 

with hospital within 12 months after inclusion stay discharge (both ED visits and hospital 

readmissions). This was chosen as primary outcome as only 12 months data were available for 

sample size calculation. 

Secondary follow-up outcomes were: 

- Proportion of patients with an unplanned contact with hospital within 180 days after 

inclusion stay discharge 

- Number of unplanned contacts with hospital per patient within 12 months after 

inclusion stay discharge 

- Time to next unplanned contact with a hospital within 12 months after inclusion stay 

discharge 

Secondary inclusion stay outcomes were: 

- Proportion of patients not hospitalized following admission to the ED (patients with 

conditions resolved in the ED) 

- Length of stay at the ED 

- Overall length of hospital stay 

- Efficiency of the intervention (working model for conducting medication 

reconciliation and medication review in the ED-setting) 

Amendment to study outcomes after the study commenced, although before any outcome data 

files were available: 

- Proportion of patients with an unplanned contact with hospital: 

o within 90 days after inclusion stay discharge 

o within 30 days after inclusion stay discharge 

It was decided to add these amendments due to the relatively short intervention compared 

with the long follow-up time.  
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Sample size calculation 

The sample size calculation was based on an expected readmission frequency of 50% during 

12 months following inclusion[31], which is also in line with Norwegian readmission 

frequency. A 10% reduction in hospital readmissions was defined as a clinically relevant 

effect of the intervention, which was considered realistic according to earlier studies and 

accounting for our general population[22]. Accordingly, it was calculated that 385 patients 

would have to be included into each group, with significance level of 5% and study power of 

80%. To compensate for dropouts, it was decided to include 400 patients in each project 

group, i.e., a total of 800 patients. 

 

Statistics 

Data handling were conducted in EPIDATA manager and EPIDATA entry client 4.4.3.1 

r691. Statistical analyses were carried out in Stata SE version 16. Demographic statistics are 

given as median and interquartile ranges (IQRs) for continuous variables and as percentage 

for categorical variables. Mann-Whitney test was utilized to compare demographics of groups 

regarding continuous variables (due to skewed data). For categorical variables Pearson-Chi2 

were applied. Patients who died during hospital stay were excluded from both inclusion stay 

analysis and follow-up analysis. Sensitivity analysis on inclusion stay data was conducted 

with these patients and showed that results did not change (Table A in S4 Appendix).  

Pearson chi2 was applied to determine proportion of patients with unplanned contact 

with hospital during follow-up time, and logistic regression were applied to determine odds 

ratio with 95% confidence interval (CI). Kaplan-Meier plots and log-rank test were applied to 

compare groups regarding time to next unplanned contact with hospital (event) and Cox-

regression was utilized to determine hazard ratios and 95% CI. Death within 12 months from 
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inclusion stay discharge was censored during survival analysis as there was no statistically 

significant difference in death rate between the groups (Fig B in S4 Appendix). Sensitivity 

analysis with death as competing risk was conducted and did not change the results (Fig A in 

S4 Appendix). Negative binomial regression was utilized to compare mean length of stay and 

number of unplanned hospital events within 12 months after inclusion stay discharge, in the 

latter individual patient-time in study was applied as exposure-variable. Mann-Whitney test 

was applied to compare median length of stay. For all comparative statistics, significance 

level was set to 0.05. 

Intention-to-treat analysis was conducted on all patients with follow-up data allocated to 

each group. Per-protocol analysis was conducted on intervention group patients where the 

intervention medication reconciliation was completed, excluding patients where  

1) no drugs were recorded by physicians in the electronical patient record (based on 

retrospective assessment of admission-note, medication chart and discharge note) and 2) 

information about regular drugs was omitted by physicians from the electronical patient 

record for unknown reason (based on retrospective assessment of admission-note and 

medication chart). All control group patients with follow-up data were included in per-

protocol analysis.  

 

Results 

During the data-collection shifts between 24 April 2017 to 16 May 2018, 

approximately 1900 patients were admitted to the ED at Diakonhjemmet Hospital. Of these, 

831 (43.7%) patients were considered for inclusion (Fig 1), whereas the remaining patients 

were not assessed due to ED crowding which exceeded study pharmacists’ capacity. Eighteen 

patients were excluded before randomization as they were not capable of providing written, 

informed consent or declined to participate. A total of 813 patients were included and 



13 
 

randomized. After randomization, 6 patients were excluded, leaving 807 patients eligible for 

inclusion stay analysis, 405 in the intervention group and 402 in the control group.  

Mean age for included patients (n=807) was 65.4 years (±18.5), median age was 69.2 

years (IQR 26.6, range 18.7-99.4). A total of 56.8% of the patients were aged over 65 years 

and 51.7% were men. According to the hospital medication chart, physicians had documented 

3.6 (±3.8) regular drugs on average per included patient, whereas the median number of 

documented regular drugs were 3 (IQR 6, range 0-19). Table 1 shows demographics for 

included patients in their allocated group. 
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Table 1. Demographics of included patients.  

Variable Categories 
Intervention group 
n= 405 

Control group  
n= 402 

P-value 
 
Age  

Median, years (IQR, range) 67.2 (27.3, 18.7-96.4) 70.2 (25.1, 19.1-99.4) 0.132  
Patients ≥65 years number (%) 218 (53.8) 240 (59.7) 0.092 

Sex (men)  
number (%) 

 212 (52.4) 205 (51.0) 0.701 

 
 
Distribution of referral reasons  
number (%) 

Medical 281 (69.4) 282 (70.2) 

0.972 
Surgical 123 (30.4) 119 (29.6) 

Rheumatological c 1 (0.3) 1 (0,3) 

Triage category(33) 
number (%) 

Triage 1 
 

0 1 (0,3) 

0.621 

Triage 2 
 

127 (31.9) 136 (34.4) 

Triage 3 
 

157 (39.5) 147 (37.2) 

Triage 4 
 

111 (27.9) 110 (27.9) 

Triage 5 
 

3 (0,8) 1 (0,3) 

Admitted from 
number (%) 

General practitioner 105 (25.9) 123 (30.6)  
 
 
0.678 

Nursing home 10 (2.5) 12 (3.0) 
Other hospital 40 (9.9) 38 (9.5) 
Municipal emergency room 134 (33.1) 112 (27.9) 
Emergency medical communication centre 47 (11.6) 43 (10.7) 

Directly to emergency department d 6 (1.5) 7 (1.7) 

Various e 63 (15.6) 67 (16.7) 

Living situation before admission 
number (%) 

Home without help 354 (87.4) 330 (82.1)  
0.106 Home with assistant living (home care and/or 

multidose packed drugs) 
40 (9.9) 55 (13.7) 

Nursing home/ Rehabilitation 11 (2.7) 17 (4.2) 

Admissions to DHa
 12 months before 

inclusion stay admission 

Median number of admissions (IQR, range) 0 (1, 0-26) 0 (1, 0-28) 0.223 
Number of patients with at least one 
admission (%) 

128 (31.6) 148 (36.8) 0.119 

Tentative referral reasons[34] 
(communicated by referring 

healthcare personnel) b 
number (%)  

Symptoms, signs, and abnormal clinical and 
laboratory findings, not elsewhere classified 

149 (36.8) 144 (35.8) 0.775 

Diseases of the circulatory system 
88 (21.7) 93 (23.1) 0.632 

Diseases of the digestive system 
37 (9.1) 40 (10.0) 0.694 

Injury, poisoning and certain other 
consequences of external causes 

31 (7.7) 31 (7.7) 0.976 

Diseases of the respiratory system 
25 (6.2) 32 (8.0) 0.322 

Discharge diagnoses[34] (set by the 
hospital physician discharging the 

patient) b 
number (%)  

Diseases of the circulatory system 
115 (28.4) 120 (29.9) 0.649 

Symptoms, signs, and abnormal clinical and 
laboratory findings, not elsewhere classified 

84 (20.7) 70 (17.4) 0.229 

Diseases of the respiratory system 
65 (16.0) 68 (16.9) 0.740 

Diseases of the digestive system 
57 (14.1) 56 (13.9) 0.953 

Factors influencing health status and contact 
with health services 

48 (11.9) 56 (13.9) 0.378 

Endocrine, nutritional, and metabolic 
diseases 

48 (11.9) 43 (10.7) 0.604 

All patients receiving allocated intervention or care are included in the table. 

a DH: Diakonhjemmet Hospital  
b The table presents only the most frequent tentative referral reasons and discharge diagnoses, each patient had 1-3 tentative referral reasons 
and 1-7 discharge diagnoses  
c Patients with rheumatological referral reasons are seldom admitted to the investigated ED, majority of these patients are admitted elective  
d Patients arrived directly to the emergency department without referral  
e Various includes free referral (patients with frequent hospitalization/ or patients with unresolved conditions can be offered this solution, and 
can contact the hospital directly), patients with complications after recent surgical or medical hospital treatment (within 3 months), elective 
admissions, transfer from other unit at Diakonhjemmet Hospital, e.g., out-patient clinic, psychiatry unit. 

 
During the inclusion stay 6 (1.5%) intervention group patients and 2 (0.5%) control 

group patients died (p=0.158). Further, during 12 months from inclusion stay discharge 33 
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(8.4%) intervention group patients and 37 (9.4%) control group patients died (p=0.640) (Fig B 

in S4 Appendix present survival curve with death as event).  

 

Primary outcome: 

Intention-to-treat analysis showed that there was no significant difference in 

proportion of patients with an unplanned contact with hospital (ED-visit or hospital 

admission) within 12 months after inclusion stay discharge, i.e., a total of 201 patients 

(51.0%) in the intervention group (n= 394) and 210 patients (53.2%) in the control group 

(n=395) (p=0.546, OR 0.92, 95%CI 0.69, 1.21).  

According to per-protocol analysis 130 (48.7%) intervention group patients (n=267) 

compared with 210 (53.2%) control group patients (n=395) had an unplanned contact with 

hospital (ED-visit or hospital admission) within 12 months after inclusion stay discharge. 

However, the difference was not statistically significant, p=0.258, OR 0.84, 95%CI 0.61, 

1.14. 

 

Secondary outcomes 

In the intention-to-treat analysis, 12 months follow-up revealed that median time to 

next unplanned contact with hospital (ED-visit or hospital admission) (Fig 3A) was 330 days 

for the intervention group and 308 days for the control group. However, this difference was 

not statistically significant (p=0.755, HR 0.97, 95%CI 0.80, 1.18). In the per-protocol 

analysis, the median time to next unplanned contact with hospital (ED-visit or hospital 

admission) (Fig 3B) exceeded follow-up time for the intervention group and was 308 days for 

the control group. The difference was not statistically significant (p=0.378, HR 0.91, 95%CI 

0.73, 1.13). 
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Median number of regular orders (both drugs and supplements) documented by 

physicians in medication chart/ electronic patient record at admission was 3 (IQR 6, 0-16) for 

the intervention group and 3 (IQR 6, 0-19) for the control group (p=0.796). For 64 (15.8%) 

patients in the intervention group and 61 (15.2%) patients in the control group no drugs were 

recorded by physicians at admission. However, medication reconciliation revealed that the 64 

intervention group patients in fact used median 2 (IQR 5, 0-15) regular drugs and median 1 

(IQR 2, 0-5) regular supplements. In addition, for 66 (16.3%) of the intervention group 

patients the drug list was not complete, information about one or more of their regular drugs 

was omitted by physicians for unknown reason. According to reconciled drug lists 

documented by study pharmacists the median number of regular drugs used by the 

intervention group patients in total (n=405) was 4 (IQR 6, 0-19), and median number of 

regular supplements 0 (IQR 2, 0-11). Hence, study pharmacists documented a higher number 

of regular drugs compared with physicians for the intervention group patients at admission 

(p<0.001). 

A total of 646 drug-related problems were identified and documented by study 

pharmacists through medication review. The interdisciplinary team assessed 23.1% of the 

drug-related problems to be clinically relevant to identify during the ED stay. Among these 

the most frequent drug-related problems were adverse effects (25.5%), drug monitoring 

(10.1%), adherence issues (9.4%) and drug-interactions (9.4%). Further, 50.9% of the drug-

related problems were found to be clinically relevant during the hospital stay, whereas 26.0% 

were not clinically relevant to the patients’ treatment during hospital stay. According to the 

discharge note review, physicians implemented the study pharmacists’ recommendations for 

44.8% of the drug-related problems where the interdisciplinary team concluded clinically 

relevant to identify during the ED or hospital stay.  



17 
 

There were no statistically significant differences between groups regarding secondary 

outcomes, presented in Table 2. However, length of stay in ED and mean length of hospital 

stay tended to be higher for the intervention group compared with the control group (Table 2).  

 
Table 2. Secondary outcomes (Intention-to-treat analysis) comparing intervention- and control group 
patients.  

Inclusion stay endpoints are presented for all patients who survived the inclusion stay. Follow-up endpoints are 
presented for all patients with available follow-up data. 
a P-values generated with Pearson chi2  
b P-values generated with Mann-Whitney test 
c P-values generated with negative binomial regression 

 
Clinical pharmacists part-time affiliated at hospital wards are included in standard care 

during the hospital stay. They conducted medication reconciliation for 3.0% of the control 

group patients and 0.7% of the intervention group patients during inclusion hospital stay. 

Further, medication review was conducted by clinical pharmacists at the wards for 11.9% of 

the control group patients and 15.6% of the intervention group patients during inclusion 

hospital stay. 

 

 

Discussion 

  Intervention group Control group   

Inclusion stay endpoints  n=399 n=400 P-value 

Patients not hospitalized  Number (%) 129 (32.3%) 130 (32.5%) 0.959 a 

Length of emergency department stay,  
 

Median, hours (IQR, range) 3.1 (2.1, 0.6-10.6) 3.0 (1.9, 0.6-8.9) 0.079 b 

Mean, hours (±SD) 3.5 (±1.5) 3.3 (±1.4) 0.119 c 

Length of hospital stay  
 

Median, days (IQR, range) 1.0 (2.0, 0.0-37.8) 1.0 (2.7, 0.0-34.1) 0.730 b 
Mean, days (±SD) 2.1 (±4.1) 1.7 (±2.9) 0.073 c 

 
Follow-up endpoints 

  
n= 394 

 
n= 395 

 

Patients in contact with hospital within 
180 days from inclusion stay discharge 

Number (%) 163 (41.4%) 163 (41.3%) 0.976 a 

Patients in contact with hospital within 
90 days from inclusion stay discharge 

Number (%) 141 (35.8%) 125 (31.7%) 0.219 a 

Patients in contact with hospital within 
30 days from inclusion stay discharge 

Number (%) 89 (22.6%) 87 (22.0%) 0.849 a 

Number of contacts with hospital within 
12 months from inclusion stay discharge  

Median, IQR, range 1 (2, 0-34) 1 (2, 0-28) 0.523 c 
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 Pharmacists-led ED medication review did not significantly reduce the proportion of 

patients with an unplanned contact with hospital compared with standard care in the present 

study. The intervention did neither have a significant effect on secondary clinical or post-

discharge outcomes. These results are in line with a previous small RCT with a similar 

intervention[29]. Further, a recent RCT investigated the efficacy of a medication review 

program conducted in the ED[35]. No overall impact of the program on the number of ED 

visits and hospital admissions compared to standard care was reported, no other clinical and 

post-discharge outcomes was investigated[35]. A recent quasi-randomized trial investigating 

clinical outcomes of pharmacists-led ED medication reviews[36] did however, report an 8% 

reduction in median length of stay in hospital over 30 days from discharge compared with 

standard care. Meanwhile, a follow-up study to the quasi-randomized study found that 

pharmacist-led ED medication review did not result in long-term changes to outpatient health 

services utilization[37]. The results from our study and the other studies conducted in the ED 

are however in contrast with previous RCTs investigating pharmacists-led interventions on in-

hospital patients which have reported reduction in ED visits, hospital admissions [9, 22, 23, 

26] and overall survival[24] as effects of their interventions. The difference in impact between 

in-hospital RCTs and studies performed in the ED may be explained by the study setting, the 

patient population, the degree of acceptance of pharmacists’ recommendations and also the 

pragmatic nature of the ED interventions compared with the in-hospital interventions.  

The RCTs reporting effects on clinical outcomes after in-hospital pharmacist-led 

intervention investigated specific risk patient groups[22-24, 26], such as patients older than 80 

years[22], patients using specific risk-drugs[23], multimorbid patients[24] or having specific 

prior diagnoses[26]. The three previous ED studies also included specific patient groups; 

patients aged over 65[35] and 70 years[29], and patients at high risk of adverse drug 

events[36]. In our study, we included a heterogeneous group of patients, including all ages ≥ 
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18 years, regardless of triage-category and referral reason. We revealed that the number of 

unplanned contacts with hospital within 12 months after inclusion stay discharge varied 

between 0 to 34 contacts. Further, 32% of patients in each group were discharged directly 

from ED, indicating that the study population in our study also varied regarding the severity 

of their acute problem and general needs for healthcare utilization. The lack of effect on 

clinical outcomes in our study may be explained by a too heterogeneous patient population. 

Hence, the diversity in patient population may have obscured the effect of the intervention. 

The ED setting is a challenging study setting compared to the in-hospital setting. 

Average length of stay in the investigated ED was 3.2 hours in 2018, and the limited 

timeframe may have affected the communication between physicians and study pharmacists 

necessary for implementation of the intervention. The acceptance of the study pharmacists’ 

recommendations in our study was higher than reported in the previous ED RCTs[29, 35]. 

However, the most recent of these RCTs reported various acceptance of recommendations 

between study sites (27-53%)[35]. The recent quasi-randomized trial[36] and the follow-up 

study[37] did not investigate this concern, however reported that low acceptance of 

pharmacists’ recommendations could be a study limitation. Earlier RCTs on in-hospital 

patients[22, 24, 29] has reported higher acceptance of pharmacists’ recommendations 

compared to the present study. Studies identifying non-adherence to pharmacist 

recommendations as a threat to the success of medication review interventions have been 

published after data collection of the present study was finalized[37, 38]. And the most recent 

ED RCT reported significant effect of the medication review program in the two study sites 

with the highest acceptance[35]. Hence, the low acceptance of recommendations may partly 

explain the lack of significant effects on outcome measures in our study, as this resulted in not 

reaching the calculated sample size on per protocol patients. 
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In the real-world work-chain healthcare professionals have to rely on the next link of 

the chain for follow-up[39]. And as hospital resources in the real-world setting are not 

unlimited, the present study aimed to investigate a pragmatic less resource-demanding 

intervention than utilized in some of the prior in-hospital RCTs[21-25]. Hence, the study 

pharmacists did no further follow-up after communicating findings from the intervention to 

the ED physicians responsible for treating the patient and documenting the findings in the 

electronic patient record. According to a recent study at Diakonhjemmet hospital, physicians 

spend on average 4 minutes obtaining a patient’s drug list at admission[40]. It was therefore 

not surprising that the study pharmacists documented a higher number of the patients’ drugs 

at admission compared with physicians. However, the documented reconciled drug lists were 

only implemented for 66% of the intervention group patients (per-protocol patients). This 

indicates that the working model for medication reconciliation utilized in the present study, 

may not represent the most efficient working model in the time-pressured ED setting. A 

proposal for working model redesign to prevent future transfer errors regarding drug 

information is to allow trained clinical pharmacists to obtain the medication history and 

document their findings directly in the medication chart[41]. This practice is currently not 

systematically implemented in Norway.  

Regarding drug-related problems identified during ED medication review, it must be 

considered whether the ED is the suitable setting for identification. In the ED setting, the 

focus is on the acute problem bringing the patient to hospital. Hence, preventative longer-term 

drug management decisions may not be prioritized[37]. However, according to the 

interdisciplinary team’s retrospectively assessment in our study, 23.1% of the drug-related 

problems identified by study pharmacists were found clinically relevant to identify during ED 

visit. If conducting medication review in the ED, the working model for medication review 

must be redesigned to fit the ED setting. Whilst conducting medication reconciliation 
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efficiently in the ED may reduce the physicians’ workload[40], identification of drug-related 

problems requires dialogue and may be comprehensive. This can contribute to explain the 

results regarding length of ED stay in our study, which tended to be longer in the intervention 

group compared with the control group. Even though the acceptance of the study pharmacists’ 

recommendations regarding drug-related problems were low, some of the drug-related 

problems demanded the ED physicians’ attention. Hence it must be considered that the 

intervention may have prolonged the ED stay. Medication review fitted to the ED setting 

should focus on acute drug-related problems. According to the interdisciplinary team adverse 

effects, adherences issues, drug monitoring and interactions are clinically relevant to identify 

during the ED visit. Long-term drug management alterations must be followed-up during 

hospital stay or by healthcare personnel in the primary healthcare. However, our results 

indicates that this follow-up cannot solely rely on the next link of the chain. A proposal can be 

referral of the patient to follow-up by a clinical pharmacist during the hospital stay. And for 

patients directly discharged from ED, the ED pharmacist can write a follow-up assessment 

addressed to relevant health care personnel in the primary healthcare[35, 42].  

Mean length of hospital stay tended to be longer in the intervention group compared 

with control group, though there were no difference in median length of hospital stay. This 

indicates that for most patients the intervention did not prolong hospital stay. It can, however, 

not be ruled out that the intervention prolonged hospital stay for a minor part of the patients. 

Taking into consideration the pragmatic intervention and the low acceptance of 

recommendations, it was more likely patient-specific factors which influenced the length of 

stay.  
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Strengths and limitations 

This study was an RCT, and there were no significant differences between 

demographics in groups at ED admission. However, given the single study location, in one 

specific healthcare system (where patients are referred to the ED by healthcare personnel of 

the primary healthcare system), the results are not necessarily generalizable to EDs in other 

countries. Three study pharmacists were involved in conducting the intervention, and strict 

guidelines for the conduction of the intervention were made, which limits the inter-individual 

variability of the performed intervention.   

Blinding to group allocation was not possible due to the nature of the intervention. 

Hence, a spillover effect of the intervention to control group patients cannot be ruled out. In 

addition, registration of clinical pharmacists’ ward activities revealed that 14.9% of the 

control groups patients and 16.3% of the intervention group patients received medication 

reconciliation and/or medication review during their hospital stay, as part of standard care. 

This may have affected the results and making it more difficult to reveal differences between 

groups. 

Only 41.6% of patients admitted to the ED were assessed regarding eligibility for 

inclusion. Study pharmacists had no specific criteria for which patients to include in case of 

ED crowding. Summary statistics from Diakonhjemmet Hospital for the period from 2017 to 

2018 reveal that 57.2% of patients admitted to the ED were aged over 65 years, further 73% 

of patients were referred with a medical referral reason, 27% with a surgical referral reason. 

Hence, both the annual age-distribution and distribution regarding referral reason were similar 

to the study population in the present study. However, selection bias regarding other variables 

cannot be rejected.  

An interdisciplinary team was utilized to assess the clinical relevance of the identified 

drug-related problems in this study, verifying the importance of the intervention findings. 
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Further, adherence to the intervention findings was registered. Despite designing the study to 

be sufficiently powered, calculated sample size regarding per-protocol patients in the 

intervention group was not reached. The results should therefore be interpreted with some 

caution.  

 

Conclusion 

This RCT revealed that ED pharmacist-led medication review as currently designed, 

did not influence clinical outcomes or post-discharge outcomes. A combination of a 

heterogenous study population and the pragmatic nature of the intervention which in the real-

world ED setting may have led to a low implementation of pharmacists’ recommendations, 

can contribute to explain the lack of impact. This study did, however pinpoint important 

practical implementations, which can be used to design improved workflow regarding drug-

related issues in the emergency department setting.  
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Figures 

Fig 1. Flow chart of patients assessed for eligibility for inclusion in the Emergency Department (ED).   
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Original trial protocol, June 08, 2015 

Improving drug safety in emergency patients –a randomised controlled 
trial to investigate the effect of medication reconciliation and review on 
readmission rate 

Study group: 

Study leader: Erik H. Øie, dr.med, Chief physician medical department, Diakonhjemmet Hospital 

Ph.D. –student and study manager: Lisbeth Damlien, MSc Pharmacy  

Main supervisor: Kirsten K. Viktil, Associate professor II, University of Oslo, Head of Research and 
Pharmaceutical service. Diakonhjemmet Hospital Pharmacy 

Co-supervisor: Espen Molden, Professor II, University of Oslo and Research leader, Center for 
Psychopharmacology, Diakonhjemmet Hosipital 

Study collaborators: Ole K. Roald, dr.med., Head of the Anaesthesia and Intensive care department 
at Diakonhjemmet Hospital  

Lasse Andreassen, MSc Health Management, unit manager at the emergency department, 
Diakonhjemmet Hospital  

Statistician: Tron Anders Moger, PhD, MSc in Statistics, Department of Health Management 
and Health Economics, University of Oslo 

Patient representative: Liv Hopen, member of the Norwegian Heart- and Lung Association 

Reference group:  

Liv Mathisen, Ph.D., Head of Research and development at Hospital Pharmacies Enterprise, South 
Eastern Norway 

Marianne Lea, MSc Clinical Pharmacy, Ph.D.-student at Hospital Pharmacies Enterprise, South 
Eastern Norway 

Ulrika Gillespie, PhD, Researcher at Uppsala University Hospital, Uppsala, Sweden   

Summary 

Background: An accurate medication history is a vital part of any hospital admission. However, 
studies have shown that 60-70% of hospitalised patients have at least one unintended medication 
discrepancy between their actual (‘home’) drug treatment and medication list registered at hospital 
admission. Medication discrepancies and drug-related problems (e.g. adverse drug reactions) is a 
recognised health care challenge. Currently there is lack of studies investigating the effect of 
interventions and actions to improve the quality of medication history recording and assessments in 
the emergency setting where critical decisions are made regarding further ‘patient processing’. 
Objective: To test if a new working model combining medication reconciliation and medication 
review in emergency patients can decrease the readmission rate. Study design: Randomised, 
controlled trial at the Emergency Department, Diakonhjemmet Hospital. The control group receives 
standard care, while in the intervention group a clinical pharmacist is integrated in the interdisciplinary 
team and conducts medication reconciliation and review.  
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1. Background 

An accurate medication history is a vital part of any hospital admission. As different sources present 
different information about the patient’s medication history, it can be challenging identifying which 
medications the patients actually have been using (1-3). Studies have shown that 60-70% of 
hospitalised patients have at least one unintended medication discrepancy regarding their home 
medication regimen and the admission orders (4-8). Further, studies have estimated that 15% of 
hospital admissions in elderly patients are cause by adverse drug events (drug-related problems) (9, 
10), studies indicates that majority of these admissions could have been prevented (10-12). Admission 
to an emergency department is a key vulnerable moment when patients are at increased risk of 
medication discrepancies, and also identification of relevant adverse drug events, such as drug-related 
cause of admission, is crucial. If medication discrepancies and drug-related causes of admission are 
not revealed in the emergency department, physicians at hospital wards potentially can inflict the 
patients with side-effects, interactions or therapeutic failure.  

High risk patients 

Through a pilot study conducted in 2014 in the emergency department, Diakonhjemmet Hospital, we 
found that approximately 40% of patients were admitted to the emergency department regarding their 
heart or lung disease. About 60% of these patients had 3 or more registered diseases and thereby had a 
higher risk of having a clinical relevant medication discrepancy, according to our results. Co-
morbidity and extensive use of medication have also been proven as risk factors for medication 
discrepancies and drug-related problems by other researchers (13-19). Data from Diakonhjemmet 
Hospital estimates that 29.2% of patients admitted to Diakonhjemmet Hospital with asthma/COPD 
related cause of admission were readmitted within 30 days. Also patients with heart failure are at high 
risk for readmissions; 24.3% of patients admitted to Diakonhjemmet Hospital with heart failure were 
readmitted within 30 days. In the impending study we will get an overview of what patients are at 
increased risk of drug-related admissions and drug-related problems at admission, but patients with 
heart or lung-diseases is two of our focus groups, due to the high proportion of co-morbidity and high 
risk of readmissions in these patients. 

Medication reconciliation and medication review 

Medication reconciliation is the systematic process of obtaining a complete overview of the patients 
medications, including name, strength, dosage and route of administration. Preferably this is obtained 
by interviewing the patient and using a checklist, when needed, complimentary information is 
obtained from relevant level of care. If the patient is not in charge of their medication an updated 
medication list is obtained from the relevant level of care. Medication review is the systematic process 
of evaluating the patient’s medication regimen individually to optimise the effect of and reduce the 
risk of medication use. 

Medication reconciliation performed at hospital wards within 48 hours after the patient is admitted, is 
proved through both national and international studies to be an effective way of reducing the number 
of medication discrepancies (20-22). However a recently report from the Norwegian knowledge centre 
for the health service states that there is lack of studies investigating the clinically relevant outcome of 
performing medication reconciliation, e.g. effect on readmissions and length of stay (22). To identify, 
prevent, and solve clinical relevant drug-related problems such as interaction, adverse drug reactions, 
too high dosages etc. a systematic medication review is shown to be an effective method (23, 24), 
traditionally this is conducted during the hospital stay. It is a fact that the length of stay in Norwegian 
hospitals is becoming shorter, and therefore, in a perspective of patient safety and also to secure an 
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effectively hospital stay, medication reconciliation and medication review could advantageously be 
conducted during the stay at the emergency department. This to ensure that the physician at the 
emergency department has all the information he need to make an informed decision about the patient 
being hospitalised or not, and about the further treatment of the patient.  

In the earlier mentioned pilot study we developed a working model for conducting medication 
reconciliation at the point of admission, and further, we evolved a prioritising model for identifying 
patients with increased risk of medication discrepancies at admission to the emergency department 
(paper submitted). We found that 62% of the patients admitted to the emergency department had one 
or more clinical relevant medication discrepancy when we compared the medication list obtained by 
physicians in the emergency department and the list obtained through medication reconciliation. We 
also found that the working model we developed was perceived efficient by physicians at the 
emergency department.  In Norway it is currently no established procedure for systematically 
conducting medication reconciliation and medication review at the point of admission to the 
emergency department. The clinically relevant outcome of conducting these interventions at the point 
of admission to the emergency department is scarcely investigated. 

2. Hypothesis and objectives 

2.1 Research hypothesis 

Implementation of a working model for combined medication reconciliation and medication review at 
point of admission to the emergency department will improve drug safety and reduce the proportion of 
patients who are readmitted after 12 months (included visits to the emergency department). 

2.2 Objective 

The overall primary objective of this study is to test if a working model for performing medication 
reconciliation and medication review at the emergency department can decrease proportion of patients 
who is readmitted (included visits to emergency department). 

Secondary objectives is to test if the working model for performing combined medication 
reconciliation and medication review at the emergency department can decrease the average length of 
stay in the emergency department and for the total hospital stay.  

And also investigate if the working model can increases the proportion of patients who are sent home 
or is referred to the out-patient-clinic opposed to being hospitalised. 

Further, it will be investigated if a prioritising model can be used to predict what patients have the 
highest risk of drug-related admissions and drug-related problems at admission to the emergency 
department. 

We will be investigating if the new working model is perceived as effective by the health personnel 
and patients at the emergency department through a semi structural questionnaire.  

To obtain the patients perspective of the challenges outlined in this study, we will invite a random 
sample of included patients to a group interview.  
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Figure 1: Illustration of the hypothesis of this study, i.e. that the intervention increases the proportion of non-
hospitalised patients (indicated by upward arrow) while decreasing hospitalisation degree, readmission rate 
(primary endpoint) and time to discharge (indicated by downward arrows) 

3. Methods 

3.1 Study design 

This is a randomised, controlled trial, non-blinded. Patients admitted to the emergency department will 
be included. Patients will be randomised into two groups; one control group, who will receive standard 
care and one intervention group, who will receive medication reconciliation and medication review at 
the emergency department. These interventions will be conducted by a clinical pharmacist in the 
interdisciplinary team. The study design is illustrated in figure 2. 

 

 

  

 

Figure 2: Illustration of the study design 
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3.2 Patients and study settings 

Patients admitted to the emergency department at Diakonhjemmet Hospital will be included 
consecutively. Yearly about 13.000 patients are presented to this emergency department and the 
number has increased rapidly over the past years. In 2015, 40-45 patients are daily presented to the 
emergency department. Patients with medical and surgical issues are admitted to the same emergency 
department and therefore both groups of patients will be included in the study. However, elderly 
patients with hip fractures are because of high risk of post-operative infections fast-tracked directly to 
a surgical ward and are not triaged or examined in the emergency department, hence these patients will 
not be included in this study. The mean length of stay at the emergency department at Diakonhjemmet 
Hospital is 2.8 hours (2014). The study will be carried out as collaboration between the emergency 
department at the hospital and the hospital pharmacy.  

3.3 Inclusion and exclusion criteria 

Patients will be included if they meet the following criteria: 

- Patients ≥ 18 years admitted to the emergency department  
- Able and willing to provide written consent (see 3.4 Inclusion procedure and 3.13 Ethics) 

 

Patients will be excluded if they meet one of the following criteria: 

- Patient are already included 
- Terminal ill patients with short life expectancy 
- Control group patients where physician at the emergency department request an assessment 

from a pharmacist 
- Control group patients where the study pharmacist reveal drug-related problems of major 

clinical relevance and has to intervene 
 

3.4 Inclusion procedure 

Staff at the emergency department, including physicians and nurses will be informed about the study. 
At admission, if the patient is eligible, the study pharmacist will describe the study to each potential 
participant and/or their next of kin, then provide written information about the study and answer 
potential questions. If patients temporary are unable to consent when asked to participate (e.g. 
delirium) their next of kin will be asked to supply a preliminary consent in the patients place. If the 
patient later refuses to participate he/she will be excluded from the trial, and any registered data on the 
patient will be deleted. 

3.5 Randomisation 

Patients will be randomised to control- or intervention group at admission to the emergency 
department. We will randomise the days and not patients, this to reduce the spill over of methodology 
because the same nurses and physicians are involved in both study groups (see 8. Risk management). 
Per week we therefore will randomise what days will be intervention days and what days will be 
control days. The randomisation process will be conducted by department of Biostatistics and 
epidemiology at Oslo University Hospital. They will deliver randomisation envelopes, and the study 
manager will follow randomisation procedure for all included patients. 
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3.6 Standard care 

A physician and a nurse will perform relevant examinations when a patient is admitted to the 
emergency department, and further, it will be decided if the patient will be hospitalised or not. 
Pharmacist will not intervene on these patients. Before the patients are transferred to a specialised 
ward, the physician will acquire the patient’s medication history, either by asking the patient and/or 
using available information from relevant sources for instance from the referral papers. This is the 
standard routine care as it is performed today. The medication list is documented in the electronic 
patient record and also handwritten by the physician in the medication chart.  

3.7 The intervention 

3.7.1 Admission 

In addition to physicians, nurses and others, pharmacist will be a part of the interdisciplinary team at 
the emergency department. Medication reconciliation will be conducted by a clinical pharmacist 
before the patient’s medication history is registered by the physician at the emergency department. 
Information obtained will be communicated to the physician in charge of the patient. Medication 
review will be conducted on the basis of data from the medication reconciliation and available clinical 
information; clinical chemical information is available in most patients within short time of admission. 
Revealed drug-related problems relevant to the admission will be discussed with physician at the 
emergency department. Other drug-related problems considered clinical relevant by the study 
pharmacist will either be discussed with physician at the emergency department or be documented in 
the electronically patient journal for follow up at the hospital ward or general practitioner/nursing 
home etc. if the patient is not hospitalised. 

3.7.2 Discharge from the emergency department: 

When an intervention group patient is discharged directly from the emergency department, with new 
medications prescribed, an education session with the pharmacist will be arranged. The goal is that 
patients get all the information they need to use their medicines correctly after discharge. The patients 
are encouraged to ask questions about their medicines during this session. If any additional drug-
related problems are identified during the education session, these will be discussed with the physician 
at the emergency department immediately, i.e. before the patient leaves the hospital.  

3.8 Data collection and follow up 

The data collection for the study will start 01.05.2016. A total of 800 study participants will be 
included (see 3 .11 Sample size calculation).  

Baseline data will be collected at inclusion for both study arms. Data will be collected from hospital 
and pharmacy records, general practitioners, primary care (e.g. nursing home, community health 
service), patients and/or relatives. General demographics to be collected include age, gender, cause of 
admission to the emergency department, help from community health services with medications and 
delivery of multi-dosage packed medications, earlier registered medication history. For the control 
group medical and medication history will be obtained from the electronically patient journal and 
medication charts. For the intervention group, information will be collected as described in the 
medication reconciliation procedure above. If other clinical pharmacists at the different hospital wards 
intervene on the patients during hospital stay, this will be registered. Follow-up regarding registration 
of readmissions will be recorded at 6 and 12 months after inclusion for both study arms. To be able to 
register readmissions access to the Norwegian Patient Registry must be granted.  
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Clinical relevance of the drug-related admissions and other drug-related problems revealed will be 
evaluated retrospectively by an interdisciplinary team, using a published scale (25). 

3.9 Data management 

Each study participant will be given a unique study number. The code list will be kept electronically in 
the hospitals password-secured research server. Patient data will be collected on a customised data 
collection form; this form will be piloted during the study preparation phase (see 4. Progress plan). 
Patient-identifiable data registered on paper forms will be stored at the hospital in accordance with 
hospital journal information routines (see 3.13 Ethics). 

3.10 Outcome measures 

Primary endpoint:  

- Difference between control and intervention groups in proportion of patients readmitted to any 
hospital within 12 months (endpoint including revisits to the emergency department) 

Secondary endpoints: 

- Difference between control and intervention groups in proportion of patients not hospitalised 
following admission to in the emergency department  

- Difference between control and intervention groups in the length of stay at the emergency 
department.  

- Difference between control group and groups in the overall length of hospital stay 
- Describe the frequency of drug-related admissions in the intervention group, describe 

consequences, out-come and follow up for these patients.  
- Difference between control group and intervention group, in regards to average time to next 

contact with hospital and average number of readmissions. 
 

Other outcomes: 

- Describe workflow, information flow and multidisciplinary collaboration using results from 
survey amongst the involved physicians and other healthcare personnel at the emergency 
department and relevant hospital wards  

- Describe patients view on medication regimen, believes and concerns about medication (26, 
27), medication lists and drug-related admissions using results from group interview and 
survey amongst a randomised sample of patients. Every 10th included patient (10%) will 
retrospectively be invited to participate in the group interview. And every 4th included patient 
(25%) will retrospectively be invited to fill out a survey.  

 

3.11 Sample size calculation 

Available information about readmission frequency at Diakonhjemmet Hospital is based on 30 days 
follow up, and therefore cannot be used to calculate proportion of patients readmitted after 12 months. 
However, numbers from Oslo University Hospital estimate a readmission proportion of 50% after 12 
months in a comparable patient population. We therefore use this estimate as the expected readmission 
rate in the control group.  

In a previous Swedish study conducted by Ulrika Gillespie (12) who is member of our reference 
group, a 16% reduction in hospital revisits within 12 months was found amongst older patients (>80 
years) following a comparable intervention as described in our protocol. 
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On this basis, it will be necessary to include at least 146 patients in each group to show a significant 
effect on the primary endpoint (significance level of 5%, study power of 80%). However, the elderly 
patients included in the Swedish study have more comorbidity and therefore more use of health care 
resources. The patients in our study will be 18 years and older and thereby the difference between our 
control group and intervention group probably will be smaller. A more realistic difference between our 
groups is 10%, thereby 385 patients would have to be included in each group to show a significant 
effect on the primary endpoint. To compensate for dropout we aim to include 400 patients in each 
study group, thus a total of 800 patients. Based on statistics from Diakonhjemmet Hospital, inclusion 
of this amount of patients from the Emergency Department would require an inclusion period of 12 
months. 

3.12 Statistics and analysis 

Statistical analyses will be conducted in IBM SPSS Statistics. Data will be assessed for normality and 
analysed according to appropriate statistical tests. The baseline demographic and clinical 
characteristics will be summarised using proportions, means and standard deviations, or median and 
interquartile range, as appropriate. Baseline comparisons: characteristics of study participants in the 
two study groups will be compared using the chi-square test for categorical variables and the Student’s 
t-test or non-parametric equivalent (e.g. the Mann-Whitney U test) for continuous variables. 
Multivariable analysis (logistic regression) will be used to compare endpoints between study groups 
while adjusting for prognostic variables and potential confounders. All statistical tests will be 
interpreted with a significance level of 5% (two-tailed). For building the model for prioritising patients 
at increased risk of drug-related admissions and drug-related problems at admission to the emergency 
department binary regression analysis will be used. Data will be analysed according to intention-to-
treat (ITT) principles. In addition to ITT analysis, per protocol analysis will also be performed. 

3.13 Ethics 

Implementing a working model for medication reconciliation and medication review in the emergency 
department will not have any other disadvantages for the patients than they may, in the study setting, 
have to answer the same questions several times and this may be an additional burden. Overall the 
patient will probably benefit from participating in the study, as their medication list will be quality 
assured, and assessed for drug-related problems at admission to the emergency department. The study 
will however strive for establishing a working model causing the patient least possible burden. The 
procedures implemented in this study will not delay the acute treatment of the patient.  

Preferably patients will be asked for written consent before they are included in the study. Although in 
the acute situation many patient will temporarily not be able to give written consent for participating. 
However it is not ethical just to exclude these patients since our hypothesis is that medication 
reconciliation and medication review are beneficial for the patients. In such cases the patient will be 
asked for written consent as soon as he or she is able to do so or their next of kin will be asked to 
supply consent in the patients place. If the patient later refuses to participate he/she will be excluded 
from the trial and all registered patient data will be deleted. Patients who are mentally unable to 
consent to participate, their next of kin will be asked to supply consent in the patients place.  

Patient data will be registered on paper forms, which will be de-identified after the patient data is 
transferred de-identified to the study database on the hospital research server; password protected. 
Only a code list will connect the patient to his or her data. Paper forms will at all times be kept locked 
in a fire safe cabinet and be accessible only to authorised study personnel, and eventually the forms 
will be maculated. De-identified patient information will not be brought out of the hospital. The code 
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list connecting the patients to their data will at the latest be deleted 3 years after start of data 
collection. 

When results are published it will not be possible to identify individual patients.  

An application for ethical approval will be submitted to the Regional committee for medical and 
health research ethics (REC). The study protocol also has to be approved by the research committee at 
Diakonhjemmet Hospital. 

 

4. Progress plan 

 

Illustration of progress plan, REC: Regional committee for medical and health research ethics, RC at DHS: the 
Research Committee at Diakonhjemmet Hospital. 

 

- Before study start at 1. January 2016, an application for ethical approval will be submitted to 
the Regional Committee for Medical and Health Research Ethics (REC). The study protocol 
will also be sent to the Research Committee at Diakonhjemmet Hospital (RC at DHS) for 
approval.  

- The Ph.D.-Candidate will apply for admission to the Ph.D.-program at the University of Oslo 
before study start. The Ph.D.-program require that the Ph.D. –candidate complete Ph.D.-
courses rewarded with at least 30 credits, the course MNSES9100 –Science, ethics and society 
is mandatory. 

- In the study preparation phase from 01.01.16-01.05.16 preparations for the data collection is 
done (pilot-test the data collection forms, inform the staff at the emergency department, 
prepare the study-database etc.) 

- Data collection starts 01.05.16 and will continue for approximately one year or until 800 
patients is included. 

- 2017-18: analysing data and preparing/organising data for publication of papers 
- 2017: Publication first paper 
- 2018: Publication second paper 
- 2018: Publication third paper 
- 2018: Summarize Ph.D.-thesis 
- December 2018: Submission Ph.D.-thesis 
- January 2019: Defence of the Ph.D.-thesis 
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5. Patient involvement 

A patient-representative has been involved in the evolvement of the study design. The patient-
representative will be involved in evaluation of the working model for medication reconciliation and 
medication review in the emergency department. When the results of the study are disseminated the 
patient-representative will be important for distributing the results to patient organisations. The patient 
perspective is important in the clinical practice, therefore a survey regarding the effectiveness of the 
new working model in the emergency department will be conducted amongst a randomised sample of 
the included patients. The results of this survey will be part of the evaluation of the working model. 

To get more insight in the patient’s perspective of the challenges outlined in this study we will invite a 
random sample of included patients to a group interview. The results of the interviews will provide the 
basis for customising the working model to the patients’ beliefs and needs.  

6. Publication and dissemination of results 

The already performed pilot study and planned RCT will provide data for at least four scientific papers 
(see specifications below), which will have the potential for publications in international peer-
reviewed medical, pharmaceutical and nursing journals. We will aim for publications in recognized 
journals, and pay for “open access”. 

1. Drug Safety at admission to Emergency Department - an innovative model for prioritising 
patients for Medication Reconciliation (PRIOMER) (Submitted) 

2. Drug safety at admission to emergency department -an innovative model for prioritising 
patients for medication review 

3. A novel interdisciplinary model at an emergency department –how does it influence 
readmission rate and how does it influence work flow and effectiveness? 

4. Incidence of drug-related admissions to a Norwegian emergency department –could some of 
the admission have been prevented? 

 

During the study period, the Ph.D.-student will attend and present research results for instance at the 
following meetings:  

- The European Society for Emergency Medicine 
- International Conference of Emergency Medicine  
- The International Society for Pharmacoepidemiology Congress (ISPE)  
- European Society of Clinical Pharmacy (ESCP) 
- Nordic Social Pharmacy and Health Services Research Conference  
- Norwegian yearly conference on patient safety  

 

A key component in this study is also to disseminate the results to the relevant patients groups. We 
will take advantage of the hospitals own Department of Communication, which helps researchers with 
dissemination of results. Additionally dissemination channels of the Norwegian Heart- and Lung 
Association, our collaborator will be utilized to disclose the results from the study. And also the 
patient representative will be involved in the dissemination process.  

7. Foundation of the study 

The study is a collaboration between the emergency department, Diakonhjemmet Hospital and 
Diakonhjemmet Hospital Pharmacy, head of both divisions supports the study.  
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Since 2011 the Norwegian patient safety program, initiated by the Norwegian Ministry of Health and 
Care Service, has been focusing on medication reconciliation conducted in hospitals as one of several 
initiatives to reduce patient harm. According to this Diakonhjemmet Hospital has implemented some 
of the initiatives presented by the patient safety program to reduce medication discrepancies in 
hospital. Our study does not inflict with the initiative in the Norwegian patient safety program, on the 
contrary our study will give additional information about how to perform medication reconciliation in 
the most efficient manner in the hospital setting and also information about clinically relevant 
outcomes of medication reconciliation. The common focus on medication reconciliation indicates that 
the challenges outlined in our study are challenges that also are identified by the Norwegian 
authorities.  

8. Risk management 

The most important risk of the study is not to reach the needed number of patients to get enough 
power to receive statistical significant results. If we after 6 months have not recruited 50 % of the 
patients we will recruit more clinical pharmacists to include patients. Another present risk is the risk of 
spill over of methodology because the same nurses and physicians are involved in treating patients in 
both study groups. However, we believe that the intervention, the methodology of medication 
reconciliation and medication review, is so comprehensive that it is not easily transferred without 
being thoroughly taught and trained. We also will randomise the days for intervention and control to 
try to control the spill over effect.  

As part of the hospital’s aim of improving medication safety, some of the elements of the medication 
reconciliation might be implemented as part of standard care during the study period (see 7. 
Foundation of the study). This might reduce the differences between the groups. We can only handle 
this by keeping track of patients and take this into concern in analysis. 

At Diakonhjemmet Hospital clinical pharmacists is member of the interdisciplinary team at the 
hospital wards. Therefore patients in both study arms can be seen by a pharmacist during the hospital 
stay. This can affect the outcome in reducing the differences between the groups. We can only handle 
this by keeping track of patients and take this into concern in analysis. 
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Protocol amendments 

September 9, 2016 
- In the original trial protocol, it was proposed that written consent could be obtained from patients post-

inclusion or from next of kin if the patient were not capable of providing this themselves during the 
emergency department stay. This was not approved by the Regional Committee for Medical and Health 
Research Ethics. A change in trial protocol were required for ethical approval. 
The inclusion criteria for the trial were changed to: all patients arriving at the investigated emergency 
department, willing to/capable of providing written, informed consent.  

- Lasse Andreassen left the position as unit manager at the emergency department, Diakonhjemmet 
Hospital. Tord Kjesbu which were the new manager replaced Lasse Andreassen in the study group. 

The change was approved by the Regional Committee for Medical and Health Research Ethics September 21, 
2016. 

March 14, 2017 

After consultation with a statistician at department of Biostatistics and epidemiology at Oslo University Hospital, 
randomization procedure was altered. In the original protocol it was planned to randomise the data collection 
days and not patients, to reduce the spill over of methodology. However, the risk of selection bias when 
including intervention group patients and control group patients on different days, was considered higher than 
the risk of spill over of methodology. Hence, it was decided to randomize each patient at inclusion as described 
in the article. 

March 17, 2017 
- The start- and endpoint of the trial were changed, due to delay in financial support. Start of the trial was 

set to January 1, 2017, and endpoint March 31, 2021. 
- In addition, a change in the original written consent scheme was necessary, this to clarify to participant 

what information the trial aimed to record and report. 
The change was approved by the Regional Committee for Medical and Health Research Ethics March 21, 2017. 

February-April 2017 
Standard operation procedures were developed for: 

- patient inclusion and randomization 
- trial medication reconciliation and medication review 
- registration of collected patient data 

 

May 2017 
The original protocol stated an exclusion criterion regarding terminal ill patients with short life expectancy. 
Sufficient information to clearly define these patients was not accessible in the fast-paced workflow in the 
emergency department. Hence, in May 2017 it was decided to include patients regardless of this exclusion 
criterion. 
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June 8, 2018 
- A clarification regarding variables which should be harvested from the Norwegian Patient Registers 

was added to the protocol. The list of specified variables is listed below. 
The clarification was approved by the Regional Committee for Medical and Health Research Ethics June 27, 
2018. 

List of specific variables harvested from the Norwegian Patient Registers approved by the Regional Committee 
for Medical and Health Research Ethics: 
-Inndato og -tid for oppholdet (innDato / innTid) (admission date and time) 
-Utskrivningsdato og –tid for oppholdet (utDato / utTid) (discharge date and time) 
-Institusjonsnummer (org.nr) (institusjonID) (institutional identification number of where patient was admitted) 
-Hvor pasienten kommer fra/ går til (fraSted / tilSted) (indicator of where patients were admitted from and dicharged to) 
-Institusjonsnummer pasienten kommer fra/ går til (fraInstitusjonID / tilInstitusjonID) (institutional identification number of what institution 
patient were admitted from and dicharged to) 
 -Døgnopphold, dagopphold eller poliklinisk konsultasjon (omsorgsniva) (indicator of the admission were an over-night stay, not an over-
night stay or out-patient clinic contact)  
-Tidspunkt mht utskrivningsklar (data when the patient treatment were completed during hospital stay) 
-Oppholdets liggetid (length of stay) 
-Type kontakt, for polikliniske konsultasjoner/ dagbehandlinger (kontaktType)  
-Klassifikasjonen av sykdommer og beslektede helseproblemer (ICD-10 diagnosekoder) (ICD-10 code registered at discharge) 
-Angir om tilstanden er diagnostisert tidligere (nyTilstand) (if the registered ICD-10 code was an earlier diagnosed condition) 
-Om oppholdet er et avdelings- eller sykehusopphold (niva) (department or hospital stay) 
-Diagnoserelaterte grupper (drg) (indicator of what condition were treated, used for economic analysis) 
-Korrigert vekt for drg poeng (korrvekt) (indicator of what condition were treated, used for economic analysis) 
-Vekting av drg poeng (vekt) (indicator of what condition were treated, used for economic analysis) 
-Antall liggedager innenfor aktuell DRG som er grunnlag for kostnadsvektberegninger 
(trimpkt) (indicator of length of stay for each treated condition, used for economic analysis) 
-Om DRG-en er medisinsk eller kirurgisk (M/K/blank) (drg_type) (medical or surgical condition treated) 
-Kompliserende DRG (Ja/Nei) (komp_drg) (complicating condisions) 
-Dagkirurgisk DRG (Ja/Nei) (dag_kir) (surgical out-patient clinic conditions) 
-Spesifikk DRG (blank eller Ja) (spes_drg) 
-Type rehabilitering (Vanling, komples eller sekundær) (rehabType) (if admission could be classified as rehabilitation) 
-Gruppering av DRG-er til hoveddiagnosegruppe (hdg) 
-Samtykkekompetanse (if patient were competent of giving consent) 
-Informasjon om død og dødstidspunkt: død per 30. juni 2019? Dato for dødstidspunkt, dersom 
død per juni 2019 (information regarding death during follow-up) 

 

August 2018 
The original protocol stated additional investigations of the study population and other investigations: 

- Every 10th included patient (10%), and every 4th included patient (25%) retrospectively would be 
invited to participate in a group interview or fill out a survey, respectively. This to describe patients 
view on medication regimen, believes and concerns about medication (26, 27), medication lists and 
drug-related admissions.  

- A survey amongst the involved physicians and other healthcare personnel at the emergency department 
and relevant hospital wards, should be conducted to describe workflow, information flow and 
multidisciplinary collaboration 

Due to restricted resources, we were not able to perform these parts of the trial.  
Workflow, information flow, and multidisciplinary collaboration was instead illustrated by implementation of 
pharmacists’ recommendations by physicians.  

March 2020 
It was decided to add amendments in secondary outcome due to the relatively short intervention compared with 
the long follow-up time. The following secondary outcomes were added: 

- Proportion of patients with an unplanned contact with hospital: 
o within 90 days after inclusion stay discharge. 
o within 30 days after inclusion stay discharge. 
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Timeline of the trial with milestones 
 

May 2015: Original trial protocol written 
 
June 2015-June 2016: Maternity leave PhD student 
 
September 10, 2015: Ethical approval of the original trial protocol. The Regional Committee 
for Medical and Health Research Ethics (REC) approved the trial protocol. The trial was also 
approved by the Research Committee at Diakonhjemmet Hospital (September 2016). 
 
January 1, 2017, to April 24, 2017: Pre-study period, practical planning of data inclusion 
period  
 
April 2017: Registration and publication of the trial on clinicaltrials.gov`s website, based on 
the original trial protocol, Identifier: NCT03123640 
 
April 24, 2017: patient inclusion started  
 
May 16, 2018: patient inclusion completed  
 
May 30, 2019: last day of follow-up on post-discharge outcomes 
 
June 4, 2018: Application for harvesting outcome data was sent to the Norwegian Patient 
Registers** 
 
April 2019 to February 2020: Maternity leave PhD student 
 
January 15, 2020: Outcome data from the Norwegian Patient Registry was received 
 
March 2020 to February 2021: Demographic data files prepared for analysis 
 
February 2021 to June 2021: Outcome data files from Norwegian Patient registries prepared 
for analysis  
 
August 2021 to November 2021: Outcome analyses conducted 
 
 
**Huge workload at the Registers entails a very long processing time for outcome data. 

 

 



S3 Appendix Detailed description of the drug-related problems categories  
 
Table A. Description of drug-related problem categories. All drugs documented in the patients’ reconciled 
drug lists were assessed according to these categories during medication review. The utilized drug-related 
problem categorization is based on a validated medication review-tool[1]. 
 

Drug-related problems categories Detailed description 
Drug monitoring Therapeutic drug monitoring or laboratory monitoring was needed, for example 

for digoxin, warfarin, levothyroxine, antidiabetics, statins 
Adherence issues Intentionally, or unintentionally deviation from the intended usage of prescribed 

drugs 
Adverse effects Symptoms or changed laboratory values that seems to be associated with drug 

treatment 
Drug-interactions Clinically relevant drug-interactions (both drug-drug interactions and drug-

supplements/herbal preparations interactions were included) 
Non-optimal drug therapy Adjustments in the patient’s drug therapy (included both dose adjustments and 

temporarily stopping drug therapy) are needed due to: 
- the acute situation 
- reduced organ function (kidney failure, reduced liver function etc.) 
- contraindications 

Unnecessary drug Drug treatment without indication according to guidelines 
Drug-related ED visit Considering all the above-mentioned categories, study pharmacists assessed if 

the current ED visit could be connected to one or more of the drugs used by the 
patient at admission 

 
 

 

1. Ruths S, Viktil KK, Blix HS. [Classification of drug-related problems]. Tidsskr Nor Laegeforen 
2007; 127 (23):3073-3076. 

 



S4 Appendix Sensitivity analyses and survival curves  
 
Table A. Sensitivity analysis on inclusion stay data.  

Inclusion stay endpoints presented for all patients allocated to intervention or standard care, including 
patients who died during hospital stay.  
a P-values generated with Pearson chi2  
b P-values generated with Mann-Whitney test 
c P-values generated with negative binomial regression 

 

 

  

Fig A. Sensitivity intention-to-treat analysis with death as competing risk. All patients 
with follow-up data were included, intervention group n=394, control group n=395. Death 
during 12 months from inclusion stay discharge were treated as competing risk to unplanned 
contact with hospital. Median time to event (next unplanned contact with hospital or death) 
was 305 days for the intervention group and 287 days for the control group. This difference 
was not statistically significant (p=0.837, HR 0.98, 95% CI 0.81, 1.19.).  

 

Inclusion stay endpoints  Intervention group 
n=405 

Control group  
n=402 

P-value 

Patients not hospitalized  Number (%) 129 (31.9%) 130 (32.3%) 0.882 a 

Length of emergency department stay  
 

Median, hours (IQR, range) 3.1 (2.1, 0.6-10.6) 3.0 (1.9, 0.6-8.9) 0.060 b 

Mean, hours (±SD) 3.5 (±1.5) 3.3 (±1.4) 0.086 c 

Length of hospital stay  
 

Median, days (IQR, range) 1.1 (2.6, 0.0-37.8) 1.1 (2.7, 0.0-34.1) 0.636 b 
Mean, days (±SD) 2.1 (±4.1) 1.8 (±2.9) 0.054 c 



 

Fig B. Survival curve with death as event. All patients receiving allocated intervention or 
care were included. Overall death from inclusion stay admission were treated as event, i.e., 
both death during inclusion stay and during 12 months from hospital discharge. There was no 
difference between intervention- and control group regarding overall death (p=0.998, HR 
1.00, 95% CI 0.64, 1.56). 
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Abstract
The study aimed to investigate the prevalence of drug-related emergency department (ED) visits and associated risk factors. 
This retrospective cohort study was conducted in the ED, Diakonhjemmet Hospital, Oslo, Norway. From April 2017 to May 
2018, 402 patients allocated to the intervention group in a randomized controlled trial were included in this sub-study. During 
their ED visit, these patients received medication reconciliation and medication review conducted by study pharmacists, in 
addition to standard care. Retrospectively, an interdisciplinary team assessed the reconciled drug list and identified drug-
related issues alongside demographics, final diagnosis, and laboratory tests for all patients to determine whether their ED 
visit was drug-related. The study population’s median age was 67 years (IQR 27, range 19–96), and patients used a median 
of 4 regular drugs (IQR 6, range 0–19). In total, 79 (19.7%) patients had a drug-related ED visits, and identified risk factors 
were increasing age, increasing number of regular drugs and medical referral reason. Adverse effects (72.2%) and non-
adherence (16.5%) were the most common causes of drug-related ED visits. Antithrombotic agents were most frequently 
involved in drug-related ED visits, while immunosuppressants had the highest relative frequency. Only 11.4% of the identi-
fied drug-related ED visits were documented by physicians during ED/hospital stay. In the investigated population, 19.7% 
had a drug-related ED visit, indicating that drug-related ED visits are a major concern. If not recognized and handled, this 
could be a threat against patient safety. Identified risk factors can be used to identify patients in need of additional attention 
regarding their drug list during the ED visit.

Keywords Emergency departments · Medication review · Medication reconciliation · Medication errors · Drug-related 
hospitalization

Introduction

A growing body of evidence suggests that emergency 
department (ED) physicians do not recognize drug-related 
ED visits in the fast-paced workflow [1–3]. During the ED 

visit, physicians evaluate a patient’s symptoms and decide 
if hospitalization is needed, or if the patient could be dis-
charged directly. If ED visits caused by drug-related issues 
are not identified during the stay in the ED, physicians might 
end up misdiagnosing and treating the symptoms instead of 
the actual problem [1]. Hence, identifying patients with a 
drug-related referral reason early in the admission process 
is crucial for the patient safety [1, 4, 5].

The prevalence of drug-related hospital admissions 
(DRHAs) has been investigated in several studies during 
the last decades, and the reported prevalence which is sum-
marized in two systematic reviews varies between 1.3 and 
41.3% [6, 7]. Recently, there has been a growing interest in 
investigating drug-related ED visits with studies reporting 
prevalence of 2.3–28.6% [1, 2, 8–11]. Definition of drug-
related ED visits, method of identification and population-
selection vary between these studies.
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The main objective of this study was to investigate the 
prevalence of drug-related ED visits and risk factors associ-
ated with these visits, including involved drug-groups.

Methods

Study design

This retrospective cohort study investigated drug-related 
ED visits at Diakonhjemmet Hospital, a local urban, non-
academic hospital in Oslo, Norway. The study was a sub-
study of a randomized controlled trial (RCT), registered at 
ClinicalTrials.gov, Identifier: NCT03123640, investigating 
the patients allocated to the intervention group (Fig. 1). 
Patients were included consecutively in periods from April 
2017 to May 2018. A manuscript reporting results from the 
RCT is in production.

The sub-study was approved by the institutional review 
board and the Norwegian Regional Committee for Medical 
and Health Research Ethics and conducted in accordance 
with the Helsinki Declaration. Written informed consent was 
obtained from all patients before inclusion. Further, the sub-
study was designed and reported according to the STROBE 
Statement, utilizing the STROBE checklist in all stages of 
the study (planning, execution, and reporting).

Study setting

In Norway, patients are referred to a hospital’s ED by health 
care personnel of the primary health care service e.g., gen-
eral practitioner (GP), municipal emergency clinic, nursing 
home physician. GPs and the municipal emergency clinics 
have a gatekeeper function and handle less severe condi-
tions. Yearly 13,500 patients with both medical and surgical 
referral reasons are referred to the ED at Diakonhjemmet 
Hospital. In 2018, the average length of stay in the ED was 
3.2 h.

In the RCT, all patients 18 years or older, referred to the 
ED, and willing to/capable of providing written, informed 
consent were suitable for inclusion. Patients with both medi-
cal and surgical referral reason were included. Unconscious 
patients were not included e.g., severe intoxications. Fur-
ther, patients aged ≥  65 with hip fracture were not eligible 
for inclusion as they were admitted to a specialized ED at 
another location. Patients were included periodically by 
study pharmacists between 9:00 am and 10:00 pm, on week-
days and weekends. A total of 807 patients were included 
in the RCT. Of patients admitted to the ED during data 
collection periods, 43.7% were assessed for eligibility for 
inclusion; the remaining patients were not assessed due to 
ED crowding which exceeded study pharmacists’ capacity. 
After inclusion, patients were randomized to intervention- or 

Patient arrived 
at ED

Patient admitted to 
hospital ward

Hospital 
stay

Discharged without 
hospitalization

Intervention group: standard care and 
clinical pharmacist conducting:
- MR (obtaining patients’ drug list)
- MRe (identifying drug-related issues)

- Identifying suspected drug-related ED visits 
based on the identified drug-related issues

- All findings documented in patient record

Control group: standard care (by physicians 
and nurses), not included in sub-study

Physician decided if 
patient needed 
hospitalization or could 
be sent home

Intervention group 
patients: 
- Clinical pharmacists 
discussed findings from 
MR, MRe and 
suspected drug-related 
ED visits with ED 
physician

Interdisciplinary team
Retrospective assessment of all 
intervention group patients

- ED visits classified as:
- Probably drug-related
- Possibly drug-related
- Not drug-related
- Unresolved

or

Inclusion and randomiza�on
Retrospective investigation of 
discharge notes for all 
intervention group patients.  
Recording documentation of drug-
related ED visit/hospital stay.
Conducted by study pharmacist

A�er discharge

Fig. 1  Study design: retrospective cohort study of the intervention group. ED emergency department, MR medication reconciliation, MRe medi-
cation review
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control-group (1:1) with prepacked randomization envelopes 
from Department of Biostatistics and Epidemiology at Oslo 
University Hospital.

The intervention group received, in addition to standard 
care, an intervention consisting of medication reconcilia-
tion and systematic medication review conducted by study 
pharmacists during the patients ED stay (Fig. 1). The inter-
vention was based on the Integrated Medicine Management 
(IMM) model [12], adjusted to the fast-paced workflow ED-
setting [13], and conducted by experienced clinical pharma-
cists. The medication reconciliation process consisted of a 
standardized interview of the patient/next of kin/health care 
personnel to obtain the patient’s complete drug list. Fur-
ther, written sources (electronical prescriptions, drug list of 
a multi-dose patient etc.) were checked to clarify and verify 
information from the interview, and GPs or pharmacies were 
contacted for complementary information when needed. The 
medication review was based on the reconciled drug list. 
In addition, referral notes, examinations in the ED, labo-
ratory test, and computer resources, e.g., interaction data-
bases, summary of product characteristics for drugs, medical 
databases, were reviewed. Drug-related issues were identi-
fied and registered. The study pharmacists documented the 
reconciled drug list and all clinically relevant drug-related 
issues, i.e., issues of importance for the patient treatment, 
including if they suspected the ED visits to be drug-related, 
in the electronic patient record. These findings were also 
communicated vocally to the responsible ED physician 
(Fig. 1). The control group received standard care by physi-
cians and nurses during the ED stay, which did not include 
systematic medication reconciliation nor medication review.

Study population

The entire intervention group from the RCT was included 
in the present sub-study (n = 402). Control group patients 
(n = 405) were excluded as systematic medication reconcilia-
tion and medication review were not standard care. However, 
there was no statistical difference in demographics (gender, 
age, allocation of referral reason, earlier hospital admissions, 
and hospitalization rate) between the intervention and con-
trol groups.

Data collection

After discharge, a standardized de-identified patient scheme 
was created for each patient. The schemes included demo-
graphic data and results from completed laboratory tests. 
Further, the schemes included tentative referral reasons set 
by the referring health care personnel based on the patient’s 
symptoms and initial examinations (before ED visit). The 
final diagnoses documented in the discharge note by the 
physician discharging the patient were also included in 

the schemes. And finally, the patient’s drug list obtained 
through medication reconciliation and clinically relevant 
drug-related issues from the medication review performed 
in the ED were registered on the schemes (see template in 
Online Resource 1).

Clinically relevant drug-related issues identified during 
the medication review were categorized in the following 
categories: adverse effect: defined as a negative or harmful 
patient outcome that seemed to be associated with treatment 
[14]. Non-adherence: defined as deviation between patient’s 
actual drug use and physician’s prescription with respect 
to type of drug, dose, or scheme (both unintentional and 
intentional) [15]. Suboptimal dosing, suboptimal formu-
lation, and need for additional drug treatment: defined as 
deviation between the patient’s treatment and established 
national/international guidelines [15]. Inappropriate drug 
choice: defined as deviation between the patient’s treatment 
and diagnosis/indication or absolute/relative contraindica-
tion [15].

Drugs were classified according to the Anatomical Thera-
peutic Chemical (ATC)-classification [16, 17]. In the ATC 
classification system, the active substances are grouped 
according to the organ or system on which they act (indi-
cated by ATC-1st level), their therapeutic and pharmacologi-
cal properties (indicated by ATC-2nd–3rd level) and finally 
their chemical properties (indicated by ATC-4th–5th level). 
In this study, drugs were reported at ATC classification 3rd 
level, hereafter called ATC-3 groups.

The patient schemes were presented to an interdiscipli-
nary team (Fig. 1), consisting of two chief physicians and 
three experienced clinical pharmacists. The interdisciplinary 
team was blinded regarding if the patient was hospitalized 
or discharged directly from the ED, they were also blinded 
to the study pharmacist’s opinion regarding drug-related ED 
visit. All patient schemes were first assessed and classified 
by each member of the interdisciplinary team individually. 
Further, six consensus meetings were arranged between 
November 2017 and February 2019. The interdisciplinary 
team classified each ED visit as probably drug-related, pos-
sibly drug-related, not drug-related, or unresolved, accord-
ing to a set of criteria based on World Health Organization 
Uppsala Monitoring Centre criteria for causality [18] and 
inspired by Hallas’ criteria for contribution [19]. In the pre-
sent study, a drug-related ED visit was defined as an ED 
visit directly (probably) or indirectly (possibly) related to the 
patient’s drug use prior to the visit. The association between 
patients’ drug use and ED visits was determined by an inter-
disciplinary team retrospectively.

To investigate physicians’ recognition of drug-related ED 
visits/hospital admissions, discharge notes written by physi-
cians treating intervention group patients during ED visit/
hospital stay were reviewed by a study pharmacist retrospec-
tively (Fig. 1). It was registered that the treating physician 
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considered the ED visit/hospital admission drug-related if 
the physician explicitly stated (either through a description 
or a drug-related diagnosis code) in the discharge note that 
drugs could be the cause of the visit/admission.

Statistics

In comparative analysis, probably and possibly drug-related 
ED visits were treated as one group: drug-related ED visits. 
Patients not classified (Unresolved/No consensus reached) 
were not included in the comparative statistics. Data han-
dling was conducted in Microsoft Office Excel 365. Statisti-
cal analyses were carried out in Stata SE version 16. Demo-
graphic statistics are given as median, interquartile range 
(IQR), and range for continuous variables and as percentage 
for categorical variables (group specific percentage when 
comparing groups). Wilcoxon rank-sum test was used in 
comparative analysis of continuous variables (due to skew-
ness of data), and Pearson  chi2-test was used for categorical 
variables. Logistic regression was used to determine odds 
ratios of drug-related ED visits, 95% confidence interval 
(CI). The relative frequency of ATC3 groups was calculated 
as follows: how often a drug from the specified ATC-3 group 
was involved in drug-related ED visits divided by number of 
times drugs from that specific ATC-3 group was used. The 
tentative referral reasons were presented in text from refer-
ring health care personnel and not systematically categorized 
e.g., with ICD-10 [20]. Hence, the tentative referral reasons 

were grouped based on the presented text and similar symp-
toms/tentative diagnoses were grouped together to reduce 
diversity in data.

Results

Demographics of the 402 included patients are presented in 
Table 1. The interdisciplinary team classified 19.7% of the 
ED visits as drug-related (Table 2). Further, 4.2% of the ED 
visits were classified as probably drug-related, and 15.4% 
as possibly drug-related. ED visits could not be classified 
for 10 of the patients (2.5%), due to lack of necessary infor-
mation or disagreement within the interdisciplinary team 
(Table 2).

Patients classified with a drug-related ED visit by the 
interdisciplinary team were significantly older and used 
more drugs regularly compared to patients classified with 
a non-drug-related ED visit (Table 3). The odds ratio of 
having a drug-related ED visit was higher in patients with 
medical referral reasons compared to patients with surgi-
cal referral reasons. Patients with a drug-related ED visit 
were more frequently admitted to hospital after the ED visit 
(Table 3); this was consistent even after adjusting for age 
(OR 1.91, 95%CI 1.04, 3.50, p = 0.04). Further, referral rea-
sons “hemorrhage or anemia” and “dizziness, syncope, or 
tendency to fall” were more frequently presented for patients 

Table 1  Demographics of study 
population

DH Diakonhjemmet Hospital, ED emergency department
a Number of prescribed drugs obtained through medication reconciliation
b The other part was discharged directly from the ED

Study population n = 402

Age
 Median (IQR, range) 67 (27, 19–96)
 Patients ≥ 65 years % 54.7

Sex
 Female % 47.8
 Male % 52.2

Referral reason allocation
 Medical % 69.7
 Surgical % 30.4
 Patients admitted to DH last 12 months before ED visit % 31.6

Number of prescribed  drugsa

 Regular drugs, median (IQR, range) 4 (6, 0–19)
 Patients using ≥ 5 regular drugs % 44.3
 As needed drugs, median (IQR, range) 2 (3, 0–9)

Responsible for drug administration before ED visit
 Patient % 83.3
 Other (next in kin/home care service/ nursing home) % 16.7
 Hospitalized  patientsb % 67.9
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with a drug-related ED visit compared to patients with non-
drug-related ED visits.

Adverse effects caused 72.2% of the drug-related ED vis-
its. Further, non-adherence caused 16.5%, and suboptimal 
dosing caused 7.6% of the drug-related ED visits. Need for 
additional drug treatment, inappropriate drug choice and 
suboptimal formulation each caused 1.3% of the drug-related 
ED visits.

A total of 44 unique ATC-3 groups were found to be 
involved in drug-related ED visits. Antithrombotic agents 
were the ATC-3 group most frequently involved in drug-
related ED visits (19.0%) (Table 4). Further, antiinflamma-
tory and antirheumatic products, non-steroids (NSAIDs) 
and agents acting on the renin-angiotensin system (RAS-
inhibitors) were each involved in 10.1% of drug-related ED 
visits. Immunosuppressants, urologicals (drugs for urinary 

Table 2  Classification of 
emergency department (ED) 
visits by interdisciplinary team

Classification Number of patients 
(%) n = 402

Sub-classification Number of 
patients (%) 
n = 402

Drug-related ED visits 79 (19.7) Probably drug-related 17 (4.2)
Possibly drug-related 62 (15.4)

Non-drug-related ED visits 313 (77.9) −
Not classified patients 10 (2.5) Unresolved 4 (1.0)

No consensus reached 6 (1.5)

Table 3  Comparisons of demographics

Patients with drug-related emergency department (ED) visits versus patients with non-drug-related ED visits in the classified study population 
(n = 392)
DH Diakonhjemmet Hospital
a Number of prescribed drugs obtained through medication reconciliation
b The other part was discharged directly from the ED
*Statistically significant (p < 0.05)

Drug-related ED 
visits (n = 79)

Non-drug-related ED 
visits (n = 313)

P value OR (95% CI)

Sex
 Female % 54.4 45.7 0.16 1.42 (0.87, 2.33)
 Male % 45.6 54.3

Age
 Age, median (IQR, range) 73 (21, 26–93) 64 (28, 19–96)  < 0.01 1.03(1.01, 1.05)*
 Patients ≥ 65 years % 73.4 49.2  < 0.01 2.85 (1.65, 4.92)*

Number of prescribed  drugsa

 Regular drugs, median (IQR, range) 6 (4, 0–19) 3 (5, 0–15)  < 0.01 1.17 (1.09, 1.25)*
 Patients using ≥ 5 regular drugs % 73.4 36.4  < 0.01 4.82 (2.78, 8.35)*
 As needed drugs, median (IQR, range) 2 (3, 0–7) 2 (3, 0–9) 0.17 1.11 (0.96, 1.28)

Allocation referral reason
 Medical % 82.3 65.8  < 0.01 2.45 (1.31, 4.56)*
 Surgical % 17.7 34.2
 Patients admitted to DH last 12 months % 35.4 30.0 0.35 1.28 (0.76, 2.15)

Responsible for drug administration before ED visit
 Patient % 79.8 84.7 0.29 0.71 (0.38, 1.34)
 Other (next in kin/home care service/ nursing home) % 20.3 15.3
 Hospitalized patients %b 79.8 64.2 0.01 2.19 (1.21, 3.98)*

Referral reason
 “Hemorrhage or anemia” % 17.7 3.9  < 0.01 5.38 (2.38, 12.18)*
 “Malfunction or impaired general condition” % 10.1 4.5 0.05 2.40 (0.97, 5.94)
 Dizziness, syncope, or tendency to fall” % 8.9 3.5 0.04 2.66 (1.00, 7.10)*
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frequency and incontinence) and antidepressants were the 
ATC-3 groups with the highest relative frequency of drug-
related ED visits (Table 4).

Physicians treating the patients during the ED visit/hos-
pital admission had documented a drug-related ED visit/
hospital admission in the discharge notes of 11 (2.7%) of the 
included patients (n = 402). Of the 79 ED visits classified by 
the interdisciplinary team as drug-related, physicians had 
documented 11.4% in total, 29.4% of all the probably- and 
6.5% of all the possibly drug-related ED visits. All discharge 
notes documenting drug-related ED visits/hospital admis-
sions were written by medical physicians. Surgical physi-
cians did not document any drug-related ED visits/hospital 
admissions, even though 14 surgical patients (Table 3) were 
classified with a drug-related ED visits by the interdiscipli-
nary team. The study pharmacists conducting the interven-
tion documented a suspected drug-related ED visit in 82% of 
the patients classified by the interdisciplinary team to have 
a drug-related ED visit.

Discussion

Prevalence of drug‑related ED visits

In this study, 19.7% of the ED visits were classified as 
drug-related. The prevalence of drug-related ED visits/

DRHAs in earlier studies varies between 1.3 and 41.3% 
[1, 2, 6–11]. The prevalence revealed in the present study 
is however, in line with one prior study investigating drug-
related ED visits [2], reporting a prevalence of 22.5%.

One earlier study only identified ED visits caused by 
adverse drug reactions retrospectively classified based on 
documentation in electronic patient records and reported 
a prevalence of 2.3% [9], which is significantly lower than 
found in the present study. Even though adverse effects 
were the most frequently registered cause of drug-related 
ED visits in the present study, other drug-related issues for 
instance non-adherence and suboptimal dosing accounted 
for 27.8% of the drug-related visits, similar to prior stud-
ies [1, 8]. To estimate the total burden of drug-related ED 
visits, it is important to focus on more than adverse drug 
reactions/adverse effects.

Several earlier studies only included hospitalized 
patients in their population, hence investigating DRHAs 
[4–7, 21, 22]. In the present study, 20% of the patients 
classified with a drug-related ED visit were discharged 
directly from the ED, thus not admitted to hospital. These 
patients are important to recognize as they also stress the 
health care service and require adequate evaluation of their 
drug lists before discharge. Further, some of the DRHA 
studies only investigated select patient groups, such as 
patients from specified hospital ward, only patients older 
than 65 years or using more than five drugs [6, 21, 22]. 

Table 4  ATC-3 groups involved in drug-related ED visits

Included ATC-3 groups in the table: either contributed to 5 or more drug-related ED visits, have a relative frequency > 10%, or both. ATC-3 
codes of the presented ATC-3 groups can be found at www. whocc. no/ atc_ ddd_ index/
ATC  Anatomical Therapeutic Chemical classification of drugs
A single drug-related ED visit could involve drugs from multiple ATC-3 groups, and also multiple drugs from the same ATC3-group.
a The relative frequency was calculated as follows: how often a drug from the specified ATC-3 group was involved in drug-related ED visits 
divided by number of times drugs from that specific ATC-3 group were used by the 392 classified patients

ATC-3 group Relative frequency of drug-
related ED visits in ATC-3 
 groupsa

%

Proportion of drug-related ED visits 
caused by specific ATC-3 groups 
(n = 79)
%

Immunosuppressants 29.4 3.8
Urologicals (Only drugs for urinary frequency and incontinence were 

involved in drug-related ED visits)
18.2 5.1

Antidepressants 13.5 3.8
Corticosteroids for systemic use 11.6 6.3
High-ceiling diuretics (loop-diuretics) 10.9 6.3
Antithrombotic agents 10.2 19.0
Drugs for obstructive airway diseases, inhalants (both adrenergics and 

others)
10.2 7.6

Agents acting on the renin-angiotensin system, with or without thi-
azide (RAS-inhibitors)

8.2 10.1

Antiinflammatory and antirheumatic products, non-steroids (NSAIDs) 6.7 10.1
Beta blocking agents, with or without thiazide 5.1 6.3

http://www.whocc.no/atc_ddd_index/
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The difference in patient population between the present 
study and the above-mentioned DRHA studies makes com-
parison of prevalence challenging.

National differences in health care systems should also be 
considered when comparing the prevalence of drug-related 
ED visits. All patients included in this study were referred to 
the ED by health care personnel of the primary health care 
service, which leads to a selected patient population present-
ing to the ED [23]. A Norwegian study revealed a slightly 
higher percentage of high-level acute patients (based on tri-
age) presenting to the ED and a higher percentage of patients 
being hospitalized after the ED stay, compared to EDs in 
other countries [24]. Further, it was reported that 49.7% of 
patients admitted to the ED were aged over 65 years [24]. 
The organizing of the Norwegian health care system could 
explain why the study population in the present study was 
older compared to populations of most of the earlier stud-
ies investigating drug-related ED visits [1, 8–10], with 
reported prevalence 2.3–12%. Two earlier studies investi-
gated drug-related ED visits in populations with average age 
over 60 years and reported prevalence at 22.5–28.6% [2, 11]. 
This could indicate that the age diversity in the investigated 
populations may be more important than national differences 
in health care systems regarding the reported prevalence of 
drug-related ED visits.

Some of the previous studies investigating drug-related 
ED visits have used pharmacists to obtain the drug list and 
reveal drug-related issues [1, 2, 8]. In these studies, the phar-
macists classified whether the ED visit was drug-related or 
not, and independent reviewers were only used when the 
pharmacist assessments were inconclusive. Prevalence 
of drug-related ED visits in these studies was reported to 
be 8.3–22.5%. One earlier study relied on ED physicians’ 
assessment and documentation in electronic patient records 
to determine the prevalence of drug-related ED visits, with 
a reported prevalence of only 3.4% [10]. Another study 
utilized prospective classification of drug reaction-related 
ED visits and reported a prevalence of 28.6% [11]. This 
illustrates the importance of methodology when investi-
gating drug-related ED visits. The present study is the first 
study combining pharmacist intervention with a retrospec-
tive assessment by an interdisciplinary team assessing all 
patients to determine the prevalence of drug-related ED 
visits. The combination of prospective intervention and ret-
rospective assessment eliminates several of the limitations 
of using either of these study designs in an isolated fashion 
[7, 25]. In addition, utilizing an interdisciplinary team to 
determine the prevalence, balanced any inter-professional 
and inter-individual differences of opinion.

Recognizing drug‑related ED visits

To assess drug-related ED visits and DRHAs, it is vital to 
have a reconciled drug list. To obtain this communication 
with the patient, next of kin/home care service/nursing 
home is essential. A study conducted at the same ED as the 
present study revealed that 62% of the patients had a clini-
cally relevant medication discrepancy between the drug 
list registered in the hospital’s electronic patient record 
and the drug list actually in use before visiting the ED 
[13]. Alongside a reconciled drug list, the interdisciplinary 
team in the present study was provided essential infor-
mation from the medication review about non-adherence, 
suboptimal dosing, and adverse effects, which enabled a 
thorough assessment of the association between present 
drug use and the ED visit.

In the present study, only 11.4% of the drug-related ED 
visits classified by the interdisciplinary team were docu-
mented in the discharge notes. This finding is in line with 
earlier studies raising concerns regarding physicians not 
recognizing drug-related ED visits/DRHAs [1–3]. Results 
from this study indicate that physicians are more likely to 
document an ED visit/hospital stay as drug-related if there is 
a direct and undoubtedly association (classified as probably) 
to the patient’s drug use. Only documenting definite drug-
related ED visit/hospital admission can lead to neglect of 
patients who need an adequate evaluation of their drug list. 
In addition, interpretation of data from the presented study 
indicates that physicians tend to not document expected 
events, that is, events that may be interpreted as not pre-
ventable in the clinical setting. For instance, none of the 
infections in patients treated with immunosuppressants were 
documented to be drug-related by the treating physicians. 
Patients often depend on follow-up from several different 
physicians, hence also documenting expected drug-related 
events are important to alert the next level of care. In addi-
tion, documentation can better inform the patient about the 
risk associated with certain drugs and encourage them to 
contact health care personnel at an early stage in future.

The preventability of the identified drug-related ED vis-
its was not investigated in the present study. Prior studies 
have however revealed that between 57.3 and 70.7% of drug-
related ED visits may be preventable [5, 8, 10]. According 
to these studies, ED visits caused by non-compliance, sub-
optimal dosing, and need for additional drug treatment were 
most frequently found preventable [8, 10]. Even though all 
drug-related ED visits may not preventable, it is essential 
to increase the overall recognition and documentation to be 
able to avoid the ones that are preventable [8]. Acknowledg-
ment and documentation of suspected/possible drug-related 
ED visits will increase recognition of drug-related ED visits/
hospital admissions.
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To identify suspected drug-related ED visits early in the 
admissions process, this study found that pharmacists can be 
a valuable resource, which is in line with earlier studies [1, 
2]. Additional research is needed to reveal why physicians 
did not document drug-related ED visits in patients where 
study pharmacists had documented and communicated their 
suspicion.

Patients classified with a drug-related ED visit in the pre-
sent study were more frequently admitted to hospital fol-
lowing their ED stay compared to patients classified with a 
non-drug-related ED visit. This has also been reported by 
other studies [2, 8]. A suggested explanation is that identi-
fied drug-related issues often require monitored observa-
tion to decide on further treatment; hence, hospital admis-
sion may therefore be necessary for a greater proportion 
of patients with drug-related ED visits [8]. In the present 
study, majority of the drug-related ED visits were not rec-
ognized by the treating physicians, which potentially could 
have delayed the assessment of the patients’ symptoms. 
The present study revealed that the increased hospitaliza-
tion rate was not an age-dependent effect; however, there 
may be some relevant confounding variables which were 
not controlled for instance triage status and comorbidity. 
Hence, additional research is needed to determine whether 
the increased hospitalization rate related to drug-related ED 
visit patients represents an association, a causation, or both.

Risk factors for drug‑related ED visits

According to the results of the presented study, the risk of 
having a drug-related ED visit increased with increasing age 
and increasing number of regular drugs, this is consistent 
with earlier studies [8, 11]. These risk factors are also in 
line with the inclusion criteria utilized in some of the prior 
studies investigating DRHAs [6, 21, 22]. Regarding the aim 
of the present study, it was, however, essential to include 
patients without such criteria to identify relevant risk fac-
tors. Identifying age as a risk factor also partly explains the 
higher prevalence revealed in the present study, compared to 
prior studies with younger populations [1, 8–10]. It is note-
worthy that even though a patient aged over 65 years had a 
significantly higher odds of having a drug-related ED visit, 
26.6% of patients classified with a drug-related ED visit 
were younger than 65 years. And further, 35% of patients 
classified with a drug-related ED visit used less than five 
drugs, although patients using more than five drugs had a 
significantly higher odds of having a drug-related ED visit. 
This indicates that age and number of regular drugs must 
be combined with other risk factors to identify all high-risk 
patients presenting with drug-related ED visits.

In line with the results of this study, medical referral rea-
son was identified as a risk factor for DRHA in one earlier 
study [26]. The present study did also reveal that none of the 

identified drug-related ED visits regarding patients with a 
surgical referral reason were documented by surgical physi-
cians. In earlier studies, surgical referral reasons have been 
identified to be a risk factor for medication discrepancies 
[13, 27]. This may indicate that surgeons have more focus on 
the acute surgical issue rather than reconciling the patients’ 
drug list, which is essential to reveal drug-related ED visits. 
Personnel dedicated to conduct medication reconciliation 
and to identify suspected drug-related ED visits is highly 
needed in patients with surgical referral reasons.

Immunosuppressants and antidepressants have been iden-
tified as risk-drug groups in prior studies [10, 25]. All drug-
related ED visits involving immunosuppressants in the pre-
sent study were infection related (an adverse effect), which 
is a known complication of the treatment. Infections were 
however, not found to be more frequent among patients with 
a drug-related ED visit in this study. Thus, infections were a 
common referral reason, while relatively few patients used 
immunosuppressants. Urologicals (drugs for urinary fre-
quency and incontinence) have not been identified as a risk-
drug group related to drug-related ED visits/DRHAs in prior 
studies. However, this group of drugs is capable of causing 
antimuscarinic side effects, especially in older patients [28]. 
The antimuscarinic drug burden is increased if combining 
several antimuscarinic drugs, for instance combination of 
urologicals and antidepressants [28]. This finding corre-
sponds to identification of “dizziness, syncope, or tendency 
to fall” as a frequently registered referral reason in patients 
with a drug-related ED visit. Identifying antithrombotic 
agents and NSAIDs as risk-drug-groups can correspond to 
the finding of “hemorrhage or anemia” as the most frequent 
referral reason for patients classified with a drug-related ED 
visit. These findings are in line with other studies [2, 3, 25]. 
RAS inhibitors in older patients can contribute to dizziness 
and tendency to fall, especially when combined with other 
blood pressure regulating agents, such as high-ceiling diuret-
ics or beta-blocking agents.

The identified risk factors can be used as screening tools 
for patients admitted to the ED to prioritize patients in need 
of a thorough evaluation of their drug list. Older patients 
with polypharmacy and one of the risk-referral reasons or 
using drugs from one or more of the risk-drug groups may 
need extra attention in the ED to assess if the ED visit can 
be related to their drug use. In addition, the identified risk 
factors can be used to prevent future drug-related ED vis-
its, as it could alert health care providers in primary health 
care to perform a systematic medication review to reveal 
for instance adverse effects, non-adherence, or suboptimal 
dosage in patients with risk factors.
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Limitations

Given the single study location, in one specific health care 
system (where patients are referred to the ED by health 
care personnel of the primary health care system), the 
results are not necessarily generalizable to other hospital 
EDs. The revealed prevalence is, however, consistent with 
other studies investigating study populations with the same 
age diversity. In addition, most of the identified risk fac-
tors are in line with other studies. Indicating that the risk 
factors may be more generalizable than the prevalence due 
to the methodology utilized to identify them.

Selection bias cannot be ruled out as only 43.7% of 
patients admitted to the ED were assessed for eligibility 
for inclusion to the RCT. However, study pharmacists had 
no specific criteria for which patients to include in case of 
ED crowding. And further, summary statistics from 2017 
to 2018 in Diakonhjemmet Hospital reveal that 57.2% of 
patients admitted to the ED were aged over 65 years, hence 
similar to the age-distribution of the study population in 
the present study.

A total of 19.7% of the included patients had a drug-
related ED visit, indicating that drug-related ED visits are 
a major concern. The identified risk factors from this study 
can be used to identify patients in need of extra attention 
during an ED stay to reveal whether the ED visit is drug-
related. Further, the risk factors can also indicate which 
patients who can benefit from a systematic medication 
review in the primary health care, which can prevent future 
drug-related ED visits. Only a minor part of discharge 
notes written by physicians documented that the ED visit/
hospital stay was drug-related, illustrating that this topic 
needs to be highlighted and an increased awareness regard-
ing possibly drug-related events is needed.
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Assessment of drug-related emergency department (ED) visits and clinical relevance of drug-
related problems1 

Patient ID 
Gender:                                    Age (year):                       Department:                   Triage (at admission to ED):   
Earlier admitted to Diakonhjemmet Hospital (yes/no and number of times):  
Registered adverse drug reactions/CAVE (drug and reaction):  
Drug handling before admission:                                    Drug handling problems:  

 

Tentative referral cause (set by referring 
physician) 

 

Final diagnosis (from discharge note)  
 

MEDICAL HISTORY (earlier registered diagnoses) 
 
 
 
OTHER RELEVANT INFORMATION 
Additional information about the patient was given, for instance: 

- Non-adherence 
- Social circumstances 
- Help from homecare service 
- Alcohol abuse 

Results from laboratory tests at 
admission to ED (adjusted according to what 
was relevant for each patient) 

CRP  

Leucocytes  

Neutrophiles  

Lymphocytes  

 Hemoglobin  

s-Sodium  

s-Potassium  

s-Calcium  

s-Glucose  

Bilirubin  

Urea  

Creatinine  

GFR  

S-Troponin T  

Pulse  

Blood pressure  

  
 

 

USED REGULAR DRUGS (revealed through medication reconciliation) 
Drug Strength/ dosage Indication Other comments 
Number of rows were 
adjusted to the findings    

    
 

USED AS NEEDED DRUGS (revealed through medication reconciliation) 
Drug Strength/ dosage Indication Other comments 
Number of rows were 
adjusted to the findings    

    

 
1 The standardized patient scheme was originally in Norwegian, translated for publication 



Drug-
related 
problem 
(DRP) nr. 

Description of DRP Actions/ additional comments  

DRP 1 

Number of rows were adjusted to the 
findings (all identified DRPs were listed 
here, regardless of association with a 
potential drug-related ED-visit) 

 

DRP 2   

DRP 3   

 

ASSESSMENTS (this part were filled out by the interdisciplinary team) 

IS THE ED VISIT DRUG-RELATED? (MARK WITH X): 

PROBABLY POSSIBLY NO UNRESOLVED 
 
 

   

Rationale and suspected drug, associated DRP (free text): 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

WHEN WAS THE INFORMATION OBTAINED IN MENTIONED DRPs CLINICALLY RELEVANT? 

 IN THE ED DURING THE HOSPITAL STAY NOT RELEVANT DURING 
THE HOSPITAL STAY 

NOT A DRP 

LRP 1  
 

   

LRP 2 
 

    

LRP 3     
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Abstract
Background In the emergency department physicians are forced to distribute their time to ensure that all admitted patients 
receive appropriate emergency care. Previous studies have raised concerns about medication discrepancies in patient’s drug 
lists at admission to the emergency department. Thus, it is important to study how emergency department physicians dis-
tribute their time, to highlight where workflow redesign can be needed.
Aim to quantify how emergency department physicians distribute their time between various task categories, with particular 
focus on drug-related tasks.
Method Direct observation, time-motion study of emergency department physicians at Diakonhjemmet Hospital, Oslo, 
Norway. Physicians’ activities were categorized in discrete categories and data were collected with the validated method of 
Work Observation Method By Activity Timing between October 2018 to January 2019. Bootstrap analysis determined 95% 
confidence intervals for proportions and interruption rates.
Results During the observation time of 91.4 h, 31 emergency department physicians were observed. In total, physicians spent 
majority of their time gathering information (36.5%), communicating (26.3%), and documenting (24.2%). Further, physicians 
spent 17.8% (95% CI 16.8%, 19.3%) of their time on drug-related tasks. On average, physicians spent 7.8 min (95% CI 7.2, 
8.6) per hour to obtain and document patients’ drug lists.
Conclusion Emergency department physicians are required to conduct numerous essential tasks and distributes a minor 
proportion of their time on drug-related tasks. More efficient information flow regarding drugs should be facilitated at tran-
sitions of care. The presence of healthcare personnel dedicated to obtaining drug lists in the emergency department should 
be considered.

Keywords Emergency service hospital · Medication reconciliation · Medication errors · Practice management medical · 
Time and motion studies · Time management

Impacts on practice

• Physicians spend under eight minutes per hour on aver-
age to obtain and document patients’ drug lists at admis-
sion. This must be taken into consideration when using 
these lists as basis for further drug treatment during the 
hospital stay.

• This study has provided baseline data which is required 
to evaluate future quality improvements and work effi-
ciencies regarding drug-related tasks conducted by emer-
gency department physicians.

• This study highlights a need for a more seamless drug 
information flow for patients admitted to hospital.
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Introduction

Crowding is an increasing challenge in the fast-paced 
workflow of the emergency department (ED) [1]. Physi-
cians are forced to distribute their time to ensure that all 
admitted patients receive adequate emergency care. In 
several countries, obtaining and documenting patients’ 
medication histories at ED admission are tasks assigned 
to ED physicians [2–7]. However, there is concerning evi-
dence that approximately 60% of patients are registered 
with an incorrect drug list on admission [5, 8, 9]. And 
further, it has been indicated that obtaining drugs-lists is 
down-prioritized by physicians when the ED is crowded 
[7], Around half of the medication errors identified in hos-
pitals occur on admission or at discharge [10], and up to 
27% of hospital prescribing errors can be linked to inac-
curate or incomplete ED drug lists obtained at admission 
[11]. Several studies have reported that dedicated person-
nel, such as pharmacists or pharmacy technicians obtain 
more complete and accurate drug lists in the ED setting 
compared to physicians [2–4].

Work tasks performed by ED physicians have been inves-
tigated in previous time-motion studies; however, these have 
focussed on length of stay, communication patterns, inter-
ruptions, multitasking, and time dedicated to direct patient 
care [12, 13]. There is a lack of studies focusing on what 
drug-related tasks ED physicians’ conduct and their time 
distribution between drug-related and non-drug-related 
tasks. As essential drug-related tasks at ED admission are 
assigned to physicians in several countries, it is important to 
investigate their work patterns, to highlight where workflow 
redesign is needed to improve patient safety regarding for 
instance medication discrepancies.

Aim

The aim of this study was to quantify how ED physicians 
distributed their time between various task categories, with 
particular focus on the time spent on drug-related activities.

Ethics approval

The study protocol was approved by the institutional 
review board. The Regional Committee for Medical and 
Health Research Ethics (Reference number: 2015/1356/
REK South-East A) approved the study protocol August 
8, 2018. Written informed consent was obtained from all 
participating physicians before inclusion.

Method

Study design

A continuous observational time-motion study of physi-
cians in the ED at Diakonhjemmet Hospital (non-academic, 
urban), Oslo, Norway. The study was designed and reported 
according to the “Suggested Time And Motion Procedures 
(STAMP)” guidelines [14] and the STROBE statement [15]. 
Two observers (LDN -experienced clinical pharmacist, TT 
-pharmacy master student) performed direct observations 
between October 16, 2018, to January 8, 2019.

The validated method of Work Observation Method By 
Activity Timing (WOMBAT) [16, 17] was used to collect 
data. WOMBAT was developed to provide a reliable method 
for investigating the complexity of clinical work patterns. 
The method enables recording of multiple dimensions (what, 
where, how, and with whom) simultaneously, interruptions 
and multitasking, and thus chosen as the method in this 
study. Data were collected using a Samsung Galaxy 8 tablet 
running version 2 of the licenced WOMBAT software [16, 
17].

Study setting

In Norway patients are referred to the ED from healthcare 
personnel in the primary healthcare service e.g., general 
practitioner (GP) and municipal emergency clinic. The refer-
ring healthcare personnel set a tentative referral reason after 
assessing the patient’s symptoms and conducting an initial 
examination (before the ED admission). Every year around 
14,000 patients are referred to the ED at Diakonhjemmet 
Hospital. The average length of stay in the ED is 3.2 h 
(2018). During this time physicians decide if the patient 
needs to be hospitalized or not. Emergency Medicine (EM) 
was first established as a physician speciality in Norway in 
2017 and there are few EM specialists in Norway. Hence, 
physicians working at the ED, Diakonhjemmet Hospital are 
physicians from other specialities, rostered to cover shifts in 
the ED. Based on the tentative referral reason patients are 
allocated to see a physician from the Department of Inter-
nal Medicine (Medical physicians), or a physician from the 
Department of Surgery (Surgical physicians) at admission 
to the investigated ED. Medical physicians handle approxi-
mately 70% of referred patients and Surgical physicians han-
dles 30% of patients.

In addition to physicians, the clinical ED staff at Dia-
konhjemmet Hospital consists of nurses triaging patients at 
arrival to the ED, taking measurements (e.g., blood pressure, 
temperature, echocardiography), monitoring symptoms, 
preparing, and administering drugs. A secretary handles 
administrative matters such as payment for foreign patients, 
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obtaining discharge notes from earlier hospital stay at other 
hospitals or drug lists from GPs. Clinical pharmacists cover 
a 0.5 full-time equivalent pharmacist position (approxi-
mately 19 h per week) in the ED and primarily conducts 
medication reconciliation. When clinical pharmacists have 
conducted a medication reconciliation, the ED physician 
responsible for the patient is alerted. The physician utilizes 
the information obtained through medication reconciliation 
when taking medication history, and further document the 
drug list in the medication chart. Due to the limited pharma-
cist-coverage, majority of medication histories is obtained 
by physicians without pharmacists conducting medication 
reconciliation.

Study population and sample size

During the data collection period 4-6 physicians were pre-
sent in the ED at all times, 3-4 Medical physicians, and 1-2 
Surgical physicians. Due to the roster-based affiliation of 
physicians to the ED the physician staff shifted frequently, 
hence inclusion and randomization of physicians were con-
ducted consecutively before each observation session. All 
physicians present in the ED at the pre-set observation ses-
sion time were eligible for inclusion. The observers ran-
domized (by draw) which of the available physicians to 
observe. First a draw of affiliation (3:1, medical or surgical, 
due to the skewed distribution of physicians present in the 
ED), further a draw of experience level (1:1, experienced or 
inexperienced). Affiliation (Medical or Surgical) and experi-
ence level (inexperienced: interns and junior residents; expe-
rienced: senior consultants) was recorded for all included 
physicians.

The number of observation hours was selected based on 
previous time- and motion studies where approximately 
62-137  h of observations were recorded [12, 18–20]. 
According to the aim of this study 90 h of observations were 
considered sufficient to accurately describe physicians work 
pattern.

Data collection

Once included, the physician was continuously observed for 
one session (two hours), where observers recorded all con-
ducted tasks (automatically time stamped by the WOMBAT-
software). Each physician was observed for a maximum of 
two sessions. Observation sessions were two hours long to 
minimize participant and observer fatigue. The sessions 
were conducted according to a time schedule set by the 
observers, to ensure the data collection covered all hours 
between 9:00 am to 9:00 pm (80% of patients admitted to 
the ED arrive within this timeframe), both weekdays and 
weekends. The observation sessions were independent of the 
length of stay for patients treated by the observed physicians.

No previous time-motion study of ED physicians has 
defined drug-related tasks separately, therefore the dis-
crete categories used in this study were conceptualised and 
structured based on the findings from a pre-study period. 
In the pre-study period ED physicians were followed and 
all conducted activities were recorded in plain text, includ-
ing tasks conducted (what), the locations physicians were 
in when conducting the task (where), the tools they used 
to conduct the tasks (how) and other persons involved in 
the conducted tasks (who). Further the recorded text was 
grouped in discrete categories and structured under four 
dimensions (what, where, how, and who) in line with earlier 
studies [20, 21]. The identified task categories for the what 
dimension (Table 1) were reviewed by an experience clinical 
pharmacist (KKV) and a chief physician (EØ). Thereafter 
categories in all dimensions were tested and evaluated dur-
ing a pilot study before data collection, to ensure that all 
physician tasks were covered by the conceptualised catego-
ries. A detailed overview of categories within where, how 
and who dimensions is presented in electronic supplemen-
tary material 1.

Interruptions, defined as stopping the current task to 
respond to an external stimulus (e.g., a telephone call), and 
multitasking, defined as performing two (or more) tasks 
simultaneously, were recorded with the WOMBAT software.

To test the observers’ agreement on data collection 
categories (all dimensions, and timestamping), inter-rater 
reliability testing (IRR) was performed. The observers fol-
lowed the same physician and independently recorded data 
for three separate sessions of 30 min each, once before data 
collection and twice during the data collection period. The 
IRR observation data were analysed after each session using 
a multivariate chance-adjusted agreement method (the iota 
 score, a multivariate generalisation of Cohen’s kappa) [22, 
23], applied to the data in the format of one second time 
windows. The average iota score was 0.76 (before data col-
lection: 0.781, during data collection: 0.622 and 0.867), 
indicating substantial agreement [24] between observers.

Patients were not observed in this study, however the 
number of patients treated by the observed physicians was 
recorded. Patients were classified as “new” or “follow-up”. 
Patients were classified as new when no one had taken their 
medical history, including medication history, prior to when 
the observed physician met the patient. Patients were clas-
sified as follow-up if a medical history, including a medica-
tion history, had already been obtained when the observed 
physician met the patient.

Data analysis

Proportions of total observation time were defined as the 
time spent on each task category, accounting for any multi-
tasking, divided by the total observation time. Proportions 
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specific for physician groups and specific drug-related and 
non-drug-related time were calculated similarly, although 
the denominators were group specific (considering any 
overlap in time due to multitasking). The field of analyz-
ing proportions of continuous time measures are scarcely 
investigated, hence a bootstrapping approach was used to 
generate 95% confidence intervals (CIs) for the proportions 
and interruption rates. Monte Carlo testing was applied for 
comparing drug-related task time between different physi-
cian groups: medical vs. surgical physicians, experienced 
vs. inexperienced physicians, significance level 0.05. Both 
bootstrapping and Monte Carlo testing were chosen to avoid 
the reliance on parametric assumptions which were not met 
by this data.

Descriptive statistics comprised the number of registered 
tasks and observed total task time. Data preparation was 
conducted in Microsoft Office Excel. Data were analysed 
using the SAS system for Windows, version 9.4, and IBM 
SPSS software, version 25.

Results

A total of 31 physicians were observed to obtain a total 
observation time of 91.4 h, (Fig. 1), 14 of the physicians 
were observed for two sessions.

During each two-hour session, physicians attended to 2.7 
patients on average (95% CI 2.3, 3.1). Of these, 2.0 patients 
(95% CI 1.6, 2.4) were new patients while 0.7 patients (95% 
CI 0.4, 1.0) were follow-up. Hence, physicians saw on 
average one new patient per hour in addition to follow-up 
patients.

Physicians spent 17.8% of their time conducting drug-
related tasks and 83.3% conducting non-drug-related tasks 
(Table 2). Proportions add up to over 100% due to multitask-
ing. Physicians multitasked for 17.4% (95% CI 14.8, 20.5) 

of the drug-related task time and 9.8% (95% CI 9.0, 10.7) of 
the non-drug-related task time (p<0.01).

Overall (both drug-related and non-drug-related) gath-
ering information (36.5%), professional communication 
(26.3%) and documentation (24.2%) were the most time-
consuming tasks. Gathering information was also the most 
time-consuming drug-related task (7.0% of total observation 
time, Table 2). 

When combining the most time-consuming task catego-
ries, with how tasks were conducted (how) and other per-
sonnel involved (who) (Table 3), gathering information on 
computer was the most time-consuming task combination 
overall, including both drug-related and non-drug-related 
(19.0% of total task time). Documentation on paper and 
computer was the most time-consuming drug-related tasks, 
3.2% and 3.1% of total task time respectively (Table 3). 

Obtaining and documenting a patient’s drug lists in the 
hospital systems was found to be a complex process consist-
ing of a series of tasks (Table 3-highlighted cells (Italic)). 
This process occupied 12.9% (95% CI 11.9, 14.3) of ED 
physicians’ time, equivalent to 7.8 min (95% CI 7.2, 8.6) per 
hour on average. The process was fragmented through the 
patient’s stay in the ED (Fig. 2). Documentation on paper 
(medication chart) and computer/dictaphone (electronic 
patient journal) occupied approximately 4.0 min of the time 
spent on this process (documentation in both were required). 
An average of 1.7 min per hour was spent questioning the 
patient or next of kin about drugs, and an additional 2.0 min 
were spent gathering drug-related information on computer 
(including checking the Prescription Intermediary) or paper. 

Physicians were interrupted 368 times during the total 
observation time, which translates to an overall average 
interruption rate of 4.0 (95% CI 3.6, 4.4) times per hour. 
Interruption rate during drug-related task time were 4.3 
(95% CI 3.0, 5.2) times per hour (p = 0.81, compared to the 
interruption rate for non-drug-related task time). The most 

Fig. 1  Distribution of included 
physicians. Observation time is 
reported as absolute observation 
time in hours. Experienced and 
inexperienced physicians were 
included from both Department 
of Internal Medicine (medical 
physicians) and Department of 
Surgery (surgical physicians)

Total observa�on �me: 
91.4 hours
31 physicians 
(45 sessions)

Medical physicians 
Observa
on 
me:

67.2 hours
23 physicians
(33 sessions)

Surgical physicians 
Observa
on 
me: 

24.2 hours
8 physicians
(12 sessions)

Experienced 
medical physicians
Observa
on 
me: 

34.7 hours
13 physicians
(17 sessions)

Experienced 
surgical physicians
Observa
on 
me: 

2.0 hours
1 physician
(1 session)

Inexperienced 
medical physicians
Observa
on 
me: 

32.5 hours
10 physicians
(16 sessions)

Inexperienced 
surgical physicians
Observa
on 
me: 

22.2 hours
7 physicians
(11 sessions)
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Table 3  With whom and how physicians conducted work tasks. 
Gather information, documentation, and professional communication 
(what with sub-categories drug-related vs. non-drug-related, com-

bined with who- and how). Highlighted cells (Italic) represent tasks 
included in the complex process of obtaining and documenting the 
patients’ drug lists

1 Proportion of total observation time spent on task
2 Summarized proportion in this table exceeds proportions reported in Table 2 due to multitask

Task conducted with 
(WHO)

How task was con-
ducted (HOW)

Drug-related tasks Non-drug-related tasks

Number of recorded 
tasks

Proportion of 
time on task 
%1, 2 (95% CI)

Number of recorded 
tasks

Proportion of time on 
task %1, 2 (95% CI)

Professional communication
Patient Direct 84 1.08 (0.77, 

1.56)
211 2.66 (2.09, 3.35)

Next of kin Direct 19 0.25 (0.13, 
0.40)

30 0.37 (0.19, 0.65)

Another physician Direct/telephone 260 3.05 (2.64, 
3.49)

730 9.82 (9.01, 10.65)

Nurse Direct/telephone 119 1.07 (0.86, 
1.35)

489 3.66 (3.30, 4.04)

Pharmacist Direct 6 0.04 (0.01, 
0.09)

- -

Other hospital Telephone 7 0.15 (0.06, 
0.29)

16 0.68 (0.44, 1.00)

Unknown Direct/telephone 15 0.40 (0.25, 
0.62)

109 1.63 (1.30, 2.04)

Others Direct/telephone 9 0.10 (0.05, 
0.17)

82 1.59 (1.05, 2.43)

General Practitioner Telephone 0 – 1 0.02
Gather information
Patient Direct 200 2.57 (2.10, 

3.11)
400 8.42 (7.26, 9.53)

Next of kin Direct 22 0.21 (0.13, 
0.34)

53 0.65 (0.44, 0.93)

Another physician Direct 1 0.01 (0.00, 
0.02)

4 0.05 (0.01, 0.15)

Nurse Direct 1 0.01 (0.00, 
0.03)

3 0.02 (0.00, 0.07)

– On paper 57 1.08 (0.73, 
1.58)

253 2.91 (2.47, 3.37)

– On computer 153 1.80 (1.45, 
2.20)

961 17.22 (15.84, 18.66)

– On smartphone 54 1.04 (0.76, 
1.41)

12 0.21 (0.09, 0.40)

– With Prescription 
Intermediary

21 0.46 (0.26, 
0.75)

– –

Documentation
– On paper 144 3.19 (2.57, 

3.83)
83 0.67 (0.54, 0.83)

– On computer 186 3.09 (2.51, 
3.67)

400 15.12 (13.52, 17.03)

– With dictaphone 40 0.27 (0.16, 
0.42)

62 1.81 (1.28, 2.38)

– With Prescription 
Intermediary

2 0.07 (0.02, 
0.14)

– –
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interrupted drug-related task was documentation (55.6% of 
tasks with at least one interruption, during the time physi-
cians conducted drug-related task). Professional commu-
nication was the most common reason for interruption of 
drug-related documentation (82.5% of interruptions).

Medical physicians spent more time than surgical phy-
sicians on drug-related tasks overall (19.1% (95%CI 17.5, 
20.6) vs. 15.1% (95%CI 13.1, 17.2), p = 0.01), as well as 
for drug-related gathering information (7.7%, (95%CI 6.6, 
8.8) vs. 5.4%, (95%CI 4.1, 6.9), p = 0.03) and drug-related 
professional communication (6.7% (95%CI 5.9, 7.4) vs. 
4.5% (95%CI 3.7, 5.8), p = 0.01). There was no evidence of 
differences in time spent on any of the specific drug-related 
tasks, nor drug-related tasks overall between experienced 
and inexperienced physicians (17.8% (95%CI 16.0, 19.6) 
vs. 18.2 (95%CI 16.6, 20.0), p = 0.73).

Discussion

Statement of key findings

Among the nine conceptualized task categories gathering 
information, documentation, and professional communica-
tion were the most time-consuming for ED physicians in 
this study. ED physicians spend 17.8% of their time on drug-
related tasks, and gathering information was the most time-
consuming drug-related task. On average, physicians spent 
7.8 min per hour on the complex process of obtaining and 
documenting patients’ drug lists. The ED physicians multi-
tasked more during drug-related task time compared to non-
drug-related tasks time. The overall interruption rate was 

4.0 times per hour, there were no difference between drug-
related task time and non-drug-related task time regarding 
interruption rates.

Strengths and weaknesses

A validated method was used to perform the study [17] and 
high inter-rater agreement was achieved and maintained 
throughout the data collection period. WOMBAT utilized 
predefined categories. The discrete categories conceptual-
ised and applied in this study were a compromise between 
the desire to collect as detailed data as possible and the prac-
tical feasibility of the study.

The number of observation hours (which is the sample 
size of concern in these kind of studies) are comparable to 
other time-motion studies aiming to describe work patterns 
[12, 18–20]. Due to the roster-based affiliation of physicians 
to the ED the proportion of physicians enrolled from the 
total number of available physicians were not calculated. 
However, observers randomized which of the available phy-
sicians to include and observed physicians with different 
affiliation, experience level, at different hours, and across a 
time-period of approximately 3 months. This provides the 
study with solid power regarding inter-individual variability. 
The study can therefore provide useful baseline information 
for future studies.

Data were collected between 9am and 9pm and may not 
be representable of night-time activities in the ED. However, 
the results represent the time distribution of physicians dur-
ing the treatment of 80% of patients admitted to the inves-
tigated ED.

Pa�ent admi�ed to ED                                                                                                       Pa�ent admi�ed to hospital ward

Examine the 
pa�ent and 
talk to pa�ent 
/next of kin to 
obtain the 
medical history 
(including 
medica�on 
history)

Check for 
electronical referral 
le�ers and/or 
journal notes from 
earlier admissions, 
order further 
tes�ng of pa�ent 
(blood samples, 
x-ray etc.) on 
computer

Check if there 
is a paper 
referral 
le�er/reads 
paper referral 
le�er.

Talk to other 
physicians about 
pa�ent 
(including 
pa�ent 
treatment)

Talk to nurse or 
other health care 
personnel about 
pa�ent (including 
pa�ent 
treatment, and 
request to 
administer drugs)

Call other 
hospitals for 
complementary 
informa�on 
about pa�ent

Decide further 
treatment of 
pa�ent, and 
whether 
hospitaliza�on is 
necessary. 
Document pa�ent 
informa�on on 
computer 
(including drug list)

Document 
pa�ent 
informa�on on 
paper medical 
chart (mainly 
drug list)

If needed these steps were repeated un�l 
physicians had the necessary informa�on to decide 
if the pa�ent had to be hospitalized or not

Other non-pa�ent-
related tasks (e.g., 
courses, private 
conversa�ons with 
collogues/ phone calls, 
bathroom breaks, meal 
break)

When pa�ent is 
referred to the 
ED, physicians 
o�en check for 
journal notes 
from earlier 
admissions on 
computer

Before pa�ent 
arrive to ED

Fig. 2  Illustration of physician tasks conducted during a typical 
emergency department (ED) visit (for one patient). Typically, the ini-
tial examination and communication with the patient were the most 
extensive, follow-up communication was more brief. Documentation 
in the electronic patient record was important for accessible informa-
tion about the admission for healthcare personnel at hospital wards 

and documentation of the emergency department visit if patient was 
not hospitalized. Documentation on paper medical chart (mainly 
drug list) was used during the hospital stay e.g., by nurses at hospi-
tal wards to dispense drugs. Tasks present in the illustration is based 
on the collected data. Observation sessions were independent of the 
patient pathway. ED: emergency department
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This study only involved one ED, thus potentially reduce 
the generalisability of the results. No other studies have inves-
tigating ED physicians’ drug-related task time. Hence, it is 
challenging to consider if the findings are representative of 
other EDs. Although, when looking at the results overall, 
they match many of the findings in a Danish ED study[12]. 
In Norway obtaining and documenting medication history is 
a physician task, hence the results from this study are not gen-
eralizable to EDs which have personnel specifically dedicated 
to obtaining medication history e.g., pharmacy technicians, 
pharmacists, or nurses.

Interpretation

Physicians’ time distribution

ED physicians’ time distribution in the present study under-
lines the purpose of the ED and are similar to earlier studies 
[12, 18]. Gathering information is important to elucidate the 
patients’ presented symptoms, and to decide if the patient 
needs hospitalization. Documentation is important to inform 
the next level of care e.g., hospital ward or healthcare per-
sonnel in the primary healthcare. And professional commu-
nication with the patient and colleagues is essential among 
other to ensure safe and efficient treatment of the ED patient.

This is the first study of ED physicians quantifying time 
spent on all conducted drug-related tasks separately. Com-
pared to physicians in hospital wards at an Australian hos-
pital [25], physicians in the present study spent more time 
on drug-related tasks (7 vs. 17.8%, respectively). This is 
not surprising, normally a patient’s medication history is 
documented at admission to the ED. Hence, when the patient 
arrives at the hospital ward gathering of information and 
documentation of a patient’s drugs are already completed.

Obtaining and documenting patients’ drug lists

Gathering information about a patient’s medication history 
and current drug list is important as the drug list documented 
in the ED is used to decide further drug treatment during the 
hospital stay and after discharge.

The present study did not assess the quality of the 
obtained drug lists, it therefore remains undetermined 
whether the 7.8 min per hour (per patient as one new patient 
was assessed by physicians per hour on average) are suffi-
cient to obtain a correct and complete drug list at admission. 
However, several prior studies have reported that ED drug 
lists frequently do not reflect the patients’ drug use prior 
to admission [3, 5, 8, 26]. According to the results from 
the present study physicians conduct numerous essential 
tasks during the patients ED stay, obtaining and document-
ing drug lists are only two of these tasks. This may explain 
that healthcare personnel in the ED dedicated to obtaining 

patients drug lists e.g., pharmacists, pharmacy technicians, 
document more accurate drug lists than physicians [2–4], as 
they focus on this specific task. Comparing the time spent 
by physicians obtaining and documenting drug lists in the 
present study with a systematic review on pharmacists con-
ducting medication reconciliation in the ED setting, shows 
that the latter spend more time, reported 13.9-30 min per 
patient [8]. Further, it was also reported that medication 
discrepancies were reduced by 88% when ED pharmacists 
performed the medication reconciliation [8], indicating 
that the time spent and the systematic approach through 
medication reconciliation were worthwhile. As ED crowd-
ing is an increasing challenge, it should be considered to 
include healthcare personnel in the ED dedicated to obtain-
ing patients drug lists. This can contribute to decrease ED 
physicians’ workload in the fast-paced workflow. However, 
the most important benefit is the potential decrease in medi-
cation discrepancies, especially for complex patients where 
the time spent by physicians may not be sufficient to obtain 
their complete and correct drug list.

Interruptions and multitasking

A German study reported that physicians were most fre-
quently interrupted during documentation [27], and a 
Canadian study found that professional communication 
was the most common reason for interruption, which is 
in line with the results of the present study. In the present 
study interruption rates during drug-related and non-drug-
related task time were equal. However, the frequency of 
multitasking was higher during drug-related task time 
compared to non-drug-related task time. According to 
an Australian study, multitasking and interruptions were 
associated with a higher rate of prescribing errors per 
medication order [13]. Interruptions and multitasking 
which result in prescribing errors at admission to ED can 
be a hazard against patient safety through the entire hos-
pital stay and even after discharge [11].

Gather information in transition of care

Overall, the physicians in the present study spent approxi-
mately the same amount of time on documentation and 
communication as the ED physicians in a Danish study 
[12]. However, the physicians in the present study spent 
more time gathering information. The difference in study 
methods and definitions must be considered, although 
there may also be differences in accessibility of patient 
information between countries.

During the data collection period the only common 
electronic system between primary and secondary health-
care in Norway were the Prescription Intermediary, a 
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nationwide electronic prescription database which includes 
information about patients’ prescribed drugs [28]. Another 
database has been implemented after the study were con-
ducted, the “Summary care record”, which include a short 
summary of information needed in emergency care, e.g., 
information about critical adverse drug reactions and pre-
scribed drugs. However, there are still no common patient 
record for primary and secondary healthcare with com-
plete information about a patient’s medical and medication 
history. Physicians in the study had to use multiple sources 
to obtain this information. This can explain why no differ-
ences between drug-related time spent by experienced and 
inexperienced physicians were found, as checking multiple 
sources are equally time-consuming regardless of experi-
ence. The Prescription Intermediary was only checked for 
approximately every fourth patient. This was a surprising 
and noteworthy finding. Conclusions on why physicians 
did not take advantage of this easily accessible source can-
not be drawn from the results. However, reliability can 
be a factor, as the database have to be manually updated 
the content in the Prescription Intermediary (and also the 
“Summary care record”) is not always trustworthy. With 
a short average length of stay in the ED, it is essential 
that electronic support tools are trustworthy to ensure that 
physicians’ limited time are used efficiently.

Medical physicians spent more time gathering drug-
related information than surgical physicians. This may 
contribute to explain that earlier studies identified surgi-
cal admission/referral as a risk factor for clinically relevant 
medication discrepancies [2, 5].

Multidisciplinary interactions

Observed physicians in this study spent more time interact-
ing (including both professional communication and gath-
ering information) with other healthcare personnel than 
admitted patients, which is in line with another study[12]. 
Communication between colleague physicians and between 
physicians and nurses, are vital to ensure safe and efficient 
treatment of the ED patient. Although this cannot be quan-
tified from the data (due to the discrete categories), it was 
noticed by the observers that some drug-related tasks were 
not conducted by physicians themselves but delegated to 
other health professions in the ED. Nurses were requested 
during professional communication with the observed phy-
sician to administer drugs to patients. And the secretary 
(others) was requested during professional communication 
to obtain information about patients’ drug lists from GP or 
nursing home.

Due to the limited pharmacist coverage in the investigated 
ED, it was not surprising that physicians only communicated 
with pharmacists 6 times during the data collection period. 
For instance, some observations sessions occurred when 

there was no pharmacist present. However, with adequate 
coordinating (e.g., a referral system or more resources), 
pharmacists could contribute to the process of obtaining and 
documenting correct and complete drug lists in the ED, as 
reported in prior studies [2, 3, 5].

Further research

The findings in this study raises some interesting questions 
regarding whether the time spent by ED physicians is suf-
ficient to obtain a correct and complete drug list for admitted 
patients. And further, it could be explored if the interrup-
tions during drug-related documentation could affect the 
quality of the drug lists. To answer this, future studies should 
combine time-motion observations with quality assessments 
of the obtained drug lists. In addition, further research could 
focus on how to optimize implementation of dedicated per-
sonnel to obtain drug-lists at admission e.g., pharmacists or 
pharmacy technicians, in the multidisciplinary team in the 
ED, and how this implementation could impact physicians’ 
time distribution.

Conclusion

This is the first study to perform a detailed quantitative 
assessment of time spent on all drug-related tasks per-
formed by ED physicians, in addition to the time distribution 
across other conducted tasks. Overall, 17.8% of ED physi-
cians’ time was spent on drug-related tasks, and 7.8 min 
per hour (i.e., per patient) was spent on the complex pro-
cess of obtaining and documenting the patients’ drug lists. 
This study adds important information that can be used for 
redesigning and optimising work- and information flow in 
transition of care when patients are admitted to the ED. In 
addition, it provides a useful baseline for future studies.
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Screenshot of the WOMBAT data collection tool with four dimensions. 
During direct observation of emergency department physicians, data were systematically registered 
using a Samsung Galaxy 8 tablet running version 2 of the licenced WOMBAT software(1, 2). Data 
were registered in predefined discrete categories organised under four dimensions: WHAT, WHERE, 
HOW, AND WHO. And were automatically time-stamped by the WOMBAT software i.e., recording 
the exact time for the start of the task and recording the time until a new task was started (either due to 
finishing the task or getting interrupted). 
 

 

 

 



 

WHAT 

The WHAT dimension described the work tasks conducted by the observed emergency 
physician. This dimension was mandatory. Categories, sub-categories, definitions, and 
examples of work tasks, WHAT dimension is presented in Table 1 in the article. 

Explanation of truncated words in the figure:  
Treatment; treatment/examination, 
Gather info.; gather information  
Document; documentation  
Proff.com; professional communication  
 

WHERE 

The WHERE dimension was utilized to record where the observed emergency physician 
conducted the recorded task. This dimension was mandatory (connected to every recorded 
work task, WHAT). 

Physician room (Physicianro): the office of the emergency department physicians  
Patient room (Patientroom): rooms dedicated to patients admitted to the emergency department 
Corridor: the corridor in the emergency department, leading to physician room and all patient rooms 
Break room (Breakroom): room for meal breaks and socialising  
Hospital ward (Hospitalwar.): hospital wards at Diakonhjemmet Hospital  
Outside emergency department (OutsideED): when emergency department physicians left the 
emergency department for whatever reason 
 
As the aim of this study was to investigate emergency department activities, work tasks recorded as 
performed at hospital wards and outside emergency department were merged to one work task 
category, under the WHAT dimension called outside emergency department see article. 
 

HOW 

The HOW dimension was utilized to record how the observed emergency physician conducted 
the recorded task. This dimension was not mandatory as some work tasks did not require this 
dimension, e.g., hygiene, movement. However, this dimension was recorded connected to 
recorded work task, WHAT whenever appropriate. 

Direct: face-to-face interaction 
Data: reading or writing on computer 
Telephone: talking on the work telephone, each emergency department physician on call have a work 
phone available 
Paper: reading or writing on paper 
Dictaphone: recording via dictaphone information which was transcribed to text by transcribers 
employed at Diakonhjemmet Hospital, some of the emergency department physicians utilized this 
instead of writing the admission note in the electronically patient record 
The prescription intermediary (Reseptform.): a nationwide electronic prescription database which is 
available both to primary and secondary healthcare and contain information about patients’ prescribed 
drugs 
Smart phone: checking apps for professional information, talking on the telephone, answering private 
texts 
 



 

WHO 

The WHO dimension was utilized to record with whom the observed emergency physician 
conducted the recorded task. This dimension was not mandatory as some work tasks did not 
require this dimension, e.g., documentation, hygiene, movement. However, this dimension 
was recorded connected to recorded work task, WHAT whenever appropriate. 

Patient: observed physician interacted with a patient 
Next of kin: observed physician interacted with next of kin of an admitted patient 
Nurse: observed physician interacted with nurse 
Physician: observed physician interacted with another physician 
Pharmacist: observed physician interacted with a pharmacist 
Primary healthcare service (Primary HC): observed physician interacted with healthcare personnel 
in the primary healthcare service, general practitioner (GP), nursing home, municipal emergency clinic 
Other hospitals (Other hospi.): observed physician interacted with healthcare personnel at another 
hospital 
Unknown: observed physician interacted with someone which could not be identified by the 
observers 
Other: observed physician interacted with other persons which were not covered by the pre-set 
categories e.g., emergency department secretary, personnel from the hospital laboratory 
 

Examples of data collection: 

Observation WHAT WHERE HOW WHO 
Physician taking medication 
history with the patient in the 
patient room 

Gather information, drug-
related (subcategory) 
 

Patient room Direct Patient 

Physician writing background 
information about a patient’s 
medical history on computer in 
the physician office 

Documentation,  
non-drug-related 
(subcategory) 

Physician room Data - 

Physician examining the patient 
in the patient room 

Treatment/Examination Patient room Direct Patient 

Physician discussing the patients 
drug treatment with a colleague 
physician and a nurse in the 
physician office 

Professional 
communication,  
drug-related 
(subcategory) 

Physician room Direct Physician 
& Nurse 

Physician writes patients drug 
list, and further drug-treatment 
for the hospital stay on the 
hospital medication chart while 
in the physician office 

Documentation, 
drug-related 
(subcategory) 
 

Physician room Paper - 

Physician walks from patient 
room to physician office 

Movement Corridor - - 

Physician asks nurse (in the 
corridor) to administer a drug to 
a patient  

Professional 
communication, 
drug-related 
(subcategory) 
 

Corridor Direct Nurse 

Physician asks secretary (in the 
physician room) to obtain drug-
list from the patients GP 

Professional 
communication, 
drug-related 
(subcategory) 

Physician room Direct Other 
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