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Reason’s cat and the teapot 

‘One afternoon in the early 1970s, I was boiling a kettle for tea. The teapot (those were the 

days when tea leaves went into the pot rather than teabags) was waiting open-topped on the 

kitchen surface. At that moment, the cat- a very noisy Burmese- turned up at the nearby 

kitchen door, howling to be fed. I have to confess I was slightly nervous of this cat and his 

needs tended to get priority. I opened a tin of cat food, dug in a spoon and dolloped a large 

spoonful of cat food into the teapot. I did not put tea leaves in the cat’s bowl. It was an 

asymmetrical behavioural spoonerism.’ 

 

 

Anecdote by James Reason, renowned expert on human error, where he refers to the bizarre 

slip that changed his professional life (A life in Error, Reason J). 



 

 



 

 

Abstract 

 

Background: Medication errors are one of the most common incidents in healthcare and are 

associated with considerable patient harm. Improving knowledge about medication errors and 

analyzing their causes allows healthcare organizations to learn about flaws in their processes 

and can aid in designing preventive measures. One such measure is barcode medication 

administration, using scanning of barcodes on medicines and patients’ wristband to verify the 

correct medication administration. Despite implementing measures to improve safety, it is 

difficult to know if anticipated improvements are occurring, since their use is not routinely 

measured. 

Aims: The overall aim of this thesis was to explore the error-producing conditions across the 

medication management process in Norwegian hospitals. Specific focus was given to the most 

harmful events and understanding the role of technological interventions to improve the safety 

of medication administration.  

Methods: The aims were explored with descriptive statistics and thematic analysis of the 

incident reports, and a mixed method observation of medication administration. We developed 

an observational tool to explore nurses’ use of barcode technology during medication 

administration. 

Results: Paper I explored medication errors reported to the Norwegian Incident Reporting 

System and described the errors with emphasis to the most severe errors. We analyzed 3372 

medication errors reported in 2016 and 2017. Most errors occurred during medication 

administration stage (68%) and most frequent error type was dosage errors (38%) and omissions 

(23%). Errors most commonly involved analgesics, antibacterials and antithrombotics. A 

considerable number of incidents were harmful of which 5.2% (n =177) caused severe harm 

and 0.8% (n =27) were fatal.  

Medication dose calculation errors and other numeracy mishaps were assessed and examined 

for causal factors in Paper II. We found that numeracy errors occurred due to lacked or poor 

safeguards during all medication management stages. Errors occurred because double checks 

were enabled or omitted, lack of safety barriers to intercept prescribing errors, and due to unsafe 

handling of intravenous and high-risk medications.  



 

 

In Paper III we observed 44 nurses administering medications to 213 patients. Deviations from 

the hospital policies, such as not scanning the medication or the patient wristband, were 

registered with 6 of 10 patients during medication dispensing and 7 of 10 patients during 

medication administration. Deviations occurred due to a complex dispensing process, slow or 

cumbersome barcoding process, suboptimal technology design and non-specific policy 

description. The human factors approach allowed for a process-oriented analysis of how the 

technology altered nurses work by analyzing deviations from policies and their causes.  

Conclusion: The medication management process lacked safeguards to intercept errors in all 

stages and raised the need for sustainable and structural improvement to reduce harm from 

medication errors. In this thesis, we discuss technological, organizational and procedural 

implications to improve safety in hospitals for the entire medication management process yet 

focus specifically on medication administration where errors most commonly occurred. The 

findings from the studies illustrate that a substantial number of patients were harmed due to 

preventable medication errors. Errors were caused by the lack of or improper safeguards during 

all stages in the medication management process. Writing slips during prescribing resulted in 

errors because there was no safeguard to intercept these errors. Specific tasks during medication 

preparation were error-prone, such as calculating medication doses, programming infusion 

pumps, mixing-up bolus injections and handling high-risk medications. The barcode 

medication administration prevented medication errors even in suboptimal working conditions. 

However, without systematic monitoring of the technology use, hospitals will fail to achieve 

the full benefits of barcode medication administration technology to patient safety. 

Improvement interventions should focus on increasing knowledge around medication safety, 

measuring errors and adverse drug events, analyzing incident data, and strengthening a safety 

culture within organizations. 
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1 Introduction 
‘Patient received a tenfold overdose with chemotherapy while in hospital’ was a recent headline 

in a Norwegian national newspaper [1], unfortunately not an isolated event. The procedure, 

treatment or medication that is supposed to make a patient feel better, can at times cause patient 

harm. Among the EU member states, it is estimated that adverse events occur during one in ten 

hospitalizations [2]. The landmark report “To Err Is Human“ has suggested that tens of 

thousands of patients die, and over a million are harmed, as a result of adverse events in 

hospitals [3]. Although these numbers and the validity of the methodologies used to estimate 

death rates have been debated at some length [4, 5], a substantial number of patients are harmed 

as a result of direct patient care [6]. Publication of the report “To Err is Human” has accelerated 

efforts to prevent medical errors, focusing specifically on medication-related events. 

Medication-related events are among the most common types of adverse events in hospitals [7] 

and account for approximately 20% of all adverse events in hospitals [8, 9]. The increased focus 

on medication safety has resulted in global, national and local campaigns and programs to 

reduce harm from adverse events. The World Health Organization (WHO) aims to reduce 

severe, avoidable medication-related harm by 50% over five years in their global campaign 

from 2017 “Medication without harm” [10]. Health-care organizations world-wide are 

increasingly mandated by regulatory bodies to document patient safety initiatives and 

demonstrate reduction in patient harm caused by medication-related events [11-13]. 

Medication errors are preventable events that may cause or lead to inappropriate medication 

use or patient harm [14]. Such errors include for example prescribing or dispensing a wrong 

medication, administering a wrong dose or route, or giving the medication to the wrong patient. 

The incidence rate of medication errors ranges from 3%-10% [9, 15-18]. Medication error 

incidence rates found in the literature vary considerably because definitions and methods 

utilized to measure medication errors differ. After analyzing comprehensive literature on 

medication error incidence rates, the Institute of Medicine suggested that about one medication 

error occurs per patient per day in hospital care in the US [19]. In the UK, it is estimated that 

medication errors have contributed to 12, 000 deaths per year [20]. 

The acknowledgement of patients being harmed in hospitals due to medication errors has 

accelerated improvement strategies worldwide. However, in Norway, the attention to safety in 

the medication management process is primarily at the local or regional level, however we lack 

a national strategy. Preventing medication errors was for instance not prioritized in the National 
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Patient Safety Campaign (2011-2013) and the National Patient Safety Program (2014-2018) 

[21]. Fortunately for medication safety, the national focus on medication errors has been 

sharpened with the publishing of the latest and ongoing national patient safety effort, the 

National Action Plan for Patient Safety and Quality (2019-2023), that addresses medications as 

one of three target areas in need of special attention [22]. In parallel to a national focus on 

medication errors, the digitalization of health records and other technologies are presently 

implemented in hospitals across Norway. The aim with most technologies in health care is to 

lead to standardization, traceability, and increased safety. However, information technology can 

be especially error-prone in the early stage of implementation, due to suboptimal design and 

can at times lead to new errors. Considerable resources have in the last decade been dedicated 

to digitalizing health care systems, while little efforts are made to evaluate postimplementation 

benefits and challenges that can jeopardize safety [23]. Measuring medication errors is therefore 

the key to establishing a baseline to medication safety, however a consensus on what methods 

should be used to measure the desired medication-related event is lacking. One reason might 

be that the development of methods to measure medication-related events has not followed the 

development of technologies to prevent events. However, the two, measuring and preventing 

medication errors, cannot be evaluated apart, that is, we cannot prevent errors we know little 

about. 

Moreover, in order to detect errors potentially caused by technologies introduced in the 

medication management process, organizations need validated and robust methods to monitor 

technology use and demonstrate the medication safety over time.  

The purpose of this thesis is to improve understanding of the error-producing conditions in the 

medication management process in hospitals. The thesis also outlines the safety benefits of 

technology use and presents a novel methodology to monitor the technology use as an 

innovative approach to improve medication safety. 
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1.1 Measuring medication safety 

The WHO defined patient safety as “the prevention of errors and adverse effects to patients 

associated with health care” [24]. In order to prevent errors, it is necessary to detect errors 

and understand why they occur. In this thesis, prevention of errors and patient harm is 

associated with medication use. Therefore, translated from the WHO patient safety definition, 

medication safety can be viewed as the tools, resources, and required actions in medication 

management to reduce and prevent medication errors and patient harm. Medication safety is 

defined as “the freedom from preventable harm from medication use” [25]. This process is 

approached first by measuring errors and harm, understanding their causes, developing 

measures to prevent or reduce errors and monitor the impact of implemented solutions. Figure 

1 illustrates the process of strengthening medication safety. 

 

Figure 1 Process of strengthening medication safety. 

1.2 Medication-related events 

In this thesis, we use the terms incident, event, medication error and adverse drug event (ADE) 

to describe medication-related events. Medication errors and adverse drug events vary in their 

preventability and harm - their relationship is illustrated in Figure 2. 

An adverse drug event is defined as an injury or patient harm resulting from medication 

use [26].  

 

Medication error is defined as any preventable event that may cause or lead to 

inappropriate medication use or patient harm while the medication is under the control of a 

health care professional, patient, or consumer [14]. 

 

Medication error is essentially an error of either commission (doing something wrong) or 

omission (failing to do the right thing) at any step in the medication management process [19], 

from the medication is prescribed by a clinician to the medication intake by a patient.  
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ADEs can be potential i.e., an event that has the potential to cause patient harm, and actual 

ADEs that have reached the patient and caused some grade of harm [26].  

All potential ADEs are preventable while actual ADEs can be preventable, ameliorable or non-

preventable. An ADE is preventable for example when a patient received a higher dose of a 

medication than prescribed. However, ameliorable ADEs are not fully preventable but measures 

could have been taken which could reduce the patient harm caused by the event substantially. 

The example is when a patient receives a correct dose of a medication, but the dose adjustment 

has not been optimal over time and patient develops harm. Non-preventable ADEs do not result 

from a medication error and are attributable to adverse drug reactions e.g., harm occurred at 

doses normally used in patients. These are widely accepted definitions that have been used in 

many studies evaluating medication safety [3, 27-30]. 

Only a small number of medication errors are adverse drug events, while all potential adverse 

drug events are medication errors. Which also means that fortunately only a small portion of 

medication errors reach the patient and cause some grade of harm. This thesis will for the most 

focus on preventable ADEs and medication errors.  

 

Figure 2 The relationship between adverse drug events and medication errors. Adapted from 

Bates (1995). 

An important difference between medication errors and ADEs is that medication errors seldom 

result in patient harm, while ADEs are per definition associated with patient harm. Therefore, 

their detection and prevention measures should be addressed differently. For example, if a 

patient does not receive atorvastatin at the correct time, by many definitions this is a medication 

error. However, intuitively we understand that giving a cholesterol- lowering drug 1-2 hours 
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late will not expose the patient to harm. Detecting medication errors aims to recognize the 

importance of correct medication management process. Contrary, ADEs detection is guided by 

whether the patient is exposed to harm from medication use. Organizations may fail to 

distinguish between medication errors and adverse drug events, which can result in non-

effective measures to detect and prevent both.  

In order to prevent medication errors and reduce the risks of harm, organizations need tools to 

detect them. The following section gives an overview of available methods for detecting and 

measuring medication errors and adverse drug events. 

1.3 Overview of detection methods for medication errors and adverse drug 

events 

‘No news is bad news when it comes to safety.’ 

        Carl Macrae [31] 

Methods used to detect medication- related events can be categorized into five main categories: 

incident reporting, direct observation, record review, computerized surveillance and interviews.  

Incident reporting is frequently adopted by organizations to detect events recognized by health 

professionals. Analysis of events might identify system flaws. However, incident reporting 

systems alone cannot be used to measure incidence, as they are simply a reflection of a safety 

culture in a given organization. High reporting rates may indicate an organization devoted to 

reporting and preventing errors and ADEs rather than a truly high rate [32]. Incident reporting 

is not a reliable system if health professionals sustain from reporting because they are afraid of 

consequences, the reporting process is time-consuming, or they do not recognize any added 

value of reporting in terms of prevention of future events. An estimated 5-10% of all incidents 

are detected with incident reporting [33]. The limitations of incident reporting, as the sole 

method of event detection, are well documented [34, 35]. 

Direct observation usually involves observation of medication administration by trained health 

professionals, frequently nurses and pharmacists who compare the administered medications 

with the prescribed medications. Observation is a prospective method and detects the greatest 

numbers of medication errors. The additional value of direct observation is that it can highlight 

the contextual factors and causes to errors not detected with other methods. Considering that 

this method is resource and time-consuming, observation is recommended for in-depth studies 

or periodical monitoring [34]. The presence of the observers might change the behavior of the 
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health professionals being observed, which is an important limitation of the observation 

method, also known as the Hawthorne effect [36]. 

Record review involves retrospectively evaluating patient health records to identify events that 

indicate an adverse event might have happened. Record review can either be untargeted 

(manual) or targeted. Manual record review is time and resource consuming as it involves a 

review of complete patient health records and thus is suitable for periodical review of a specific 

unit or institution. Targeted record review is less time consuming as it applies specific 

triggers/rules such as diagnostic codes (ICD-9 codes), symptoms (nausea, pain, new rash, 

vomiting), prescription of antidotes (naloxone, vitamin K) or triggers of laboratory 

abnormalities occurring in the presence of certain drugs (INR ≥ 6, serum glucose < 2.8 mmol/l) 

to identify records for review. Utilizing such triggers is considered to be an effective ADE 

detection method when applied as a two-stage review [27, 37] such as applied in the Harvard 

Medical Practice Study and the Global Trigger Tool (GTT), both involving a set of triggers to 

identify potential events [38]. The Harvard Medical Practice Study involved an extensive full 

chart review, and a number of questions in addition to triggers, determining preventability is a 

standard, with no time limit per case. The GTT applies a recommended time limit per review 

(usually 20 minutes) and randomly selected records to design a sampling method that produces 

small samples over time, for example 10 records from one population or institution, twice 

monthly, and is not aimed to detect every adverse event. The GTT is a promising, structured 

method for estimating and monitoring adverse event rates over time and can be applied for 

screening of large populations e.g., national screening of all hospitals. In the first stage of GTT, 

a health care professional (e.g., nurse) screens health records using specific criteria. In the 

second stage a physician validates the potential events identified in the first stage to confirm 

the adverse event. The GTT is more feasible and less time consuming than the Harvard Medical 

Practice Study as it (originally) does not determine the preventability of the event [39], although 

this determination has been included in several studies [40-42]. Since its development in 2003, 

the GTT has been expanded from small scale studies, or quality improvement organizations to 

being used by hundreds of hospitals worldwide [38, 43]. In the Nordic countries, the utilization 

of GTT has been on the rise in the last decade to measure adverse drug events and assess the 

rate of harm [44]. By focusing on triggers within methods, GTT has showed to detect ten times 

more events than other ADE detection methods [37].  

 Computerized surveillance has evolved with the increased introduction of electronic health 

records that allow for automated detection of adverse drug events. Computerized surveillance 
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provides prospective, active monitoring and improves the efficiency of ADE detection while 

decreasing the time and personnel resource. This method can monitor events in real time and 

potentially allow for concurrent interventions limiting patient harm. The implementation of 

computerized surveillance requires technological sophistication and integration of 

comprehensive information sources such as laboratory, radiology, microbiology, and 

pharmacy. The ADE detection with computerized surveillance relies on numeric or coded 

medical data, including various clinical triggers such as medication discontinuation, abnormal 

laboratory values or transfer to the intensive care unit. Cases flagged by computerized 

surveillance are validated by dedicated surveillance personnel. The method can potentially 

detect greater number of ADEs if extended with analyzing physician narratives or notes with 

computer-based free-text searching [45]. This extensive adaptation allows for detecting ADEs 

which would not be detected with triggers e.g., “drowsiness from morphine” [46]. Text word 

searches add further challenges in identifying key phrases and require adaptation to the local 

synonyms, abbreviations, or language. These challenges can be facilitated with Natural 

Language Processing, through pattern matching and development of algorithms through 

machine learning [47]. Additionally, computerized surveillance requires maintenance to 

increase the sensitivity of the rules with the changing medical practice such as introduction of 

new medications or new indications to existing medications.  

Strengthening the partnership between patients, their relatives and health care professionals is 

an important approach in promoting medication safety and identifying medication-related harm 

[10]. Interviewing patients for symptoms related to medications has also been used in 

identifying potential ADEs [34]. Furthermore, health care professionals can be interviewed to 

see whether any incidents have occurred. This method can for example be performed by trained 

health staff during nurse shift changes [19].  

1.4 Literature review 

This chapter reviews the methodologies described above which are utilized for detecting and 

measuring preventable adverse drug events and other medication errors. The aim of this review 

is to provide evidence of the current methodologies to detect and measure medication errors 

and discuss their advantages and limitations.  
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Evidence supporting current methodologies for detecting medication errors and adverse 

drug events  

A literature search was conducted in PubMed and EMBASE which comprised key words 

adverse drug events, medication errors, medication safety and was limited with different 

keywords such as detecting, measuring, and surveillance. 

The search was restricted to articles from the inpatient setting, published in English, until 

October 2021. To be able to compare the detection methods in terms of efficiency, a key 

inclusion criterion was that studies used and compared at least two methods. Studies that 

evaluated event detection of one single trigger criterion, disease, drug, drug class or route of 

administration were not included. 

The literature search identified 172 citations, which were reviewed for title and abstract. Of 

these, 53 articles were retrieved and reviewed in full. Articles were excluded (n=45) because 

they lacked sufficient information regarding ADEs, did not involve at least two detecting 

methods, or were from outpatient setting. Two additional articles were identified from manually 

searching the references of included articles. The final analysis included 10 articles, 

summarized in Table 1.  
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Table 1 Characteristics of the reviewed studies on detection methods for medication errors 

and adverse drug events.  

Reference, 

country  

 

Study design, 

setting and 

population 

Event type  

detected 

Results 

Ferranti et al. 

(2008) [48], 

USA 

Prospective over 

14 months, 

pediatric 

inpatients of one 

hospital, 4711 

patients 

ADEs, 

medication 

errors 

Computerized surveillance detected 78 

ADEs,  

Voluntary reporting detected 93 ADEs,  

Flynn et al. 

(2002) [49], 

USA 

Retrospective 

and prospective, 

85,197 doses 

from 36 hospitals  

Medication 

errors 

2556 doses were compared for three methods: 

 457 medication errors detected (100%): 

Direct observation: 300 (66%) medication 

errors 

Chart review: 17 (3,7 %) medication errors  

Incident reporting: 1 (0,2%) medication error 

Franklin et al. 

(2009) [50], 

UK 

Prospective and 

retrospective, 

surgical ward of 

one hospital 

during two 4-

week periods, 

207 

Medication 

(prescribing) 

errors  

In total: 135 (100%) prescribing errors detected  

Ward pharmacist alone: 48 (35%) 

prescribing errors  

Record review: 86 (69%) prescribing errors  

Ward pharmacist and record review: 7 (5%) 

prescribing errors  

Spontaneous reporting: 1 (1%) prescribing 

errors  

Trigger tool: No errors detected  

Franklin et al. 

(2010) [51], 

UK 

Retrospective 

pilot study, 

surgical ward of 

one hospital for 

two 4-week 

periods, 207 

patients 

ADEs, 

ADRs, 

medication 

errors 

Trigger tool: 7 ADEs detected, 5 non-

preventable ADEs (ADRs) and 2 medication 

errors 

Health record review: 5 medication errors 

 

Jha et al. 

(1998) [52], 

USA 

Prospective 

cohort, 21,964 

patient-days on  

9 medical and 

surgical wards 

for 8 months 

ADEs, 

preventable 

ADEs 

In total: 617 ADEs and 86 potential ADEs 

detected 

Computer-monitor strategy: 2 potential 

ADEs; 275 ADEs of which 70 preventable  

Chart review: 23 potential ADEs; 398 ADEs 

of which 109 preventable 

Voluntary reporting (stimulated): 61 potential 

ADEs; 23 ADEs of which 9 preventable ADEs 

Kilbridge et al. 

(2006) [53], 

USA 

Prospective 

cohort over 8 

months at two 

hospitals (one 

university and 

one community 

hospital) 

33,206 patients 

146,416 patient 

days 

ADEs Automated surveillance: 

University hospital: 520 ADEs detected 

Community hospital: 283 ADEs detected 

Voluntary reporting: 

University hospital: 144 ADEs detected 

Community hospital: 23 ADEs detected 
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Reference, 

country  

 

Study design, 

setting and 

population 

Event type  

detected 

Results 

Maaskant et al. 

(2018) [54],  

The 

Netherlands 

Cross-sectional 

study, 369 

patients, 4 

pediatric wards 

at one hospital 

for 2 months 

Medication 

errors, 

harmful 

medication 

errors 

(ADEs) 

Multifaceted method: 242 medication errors 

detected, of which 33 harmful medication 

errors (ADEs) 

Record review: 27 harmful medication errors-

ADEs 

Incident reports: 5 harmful medication errors-

ADEs 

Direct observations and pharmacy logs: No 

ADEs detected 

Trigger tool: No harmful medication errors-

ADEs detected 

When trigger tool was modified (added pain, 

nausea/vomiting symptoms) 19 ADEs were 

detected. 

O’Leary et al. 

(2013) [55], 

USA 

Retrospective, 

250 randomly 

selected patients 

AEs, ADEs In total: 66 (100%) ADEs detected  

Traditional trigger tool: 44 (67%) ADEs 

detected  

Enterprise data warehouse screening: 46 

(70%) ADES detected  

Tinoco et al. 

(2011) [56], 

USA 

Retrospective, 

2137 patient 

admissions, 

surgical services 

of one hospital 

for 14 months 

AEs, ADEs In total: 195 ADEs (100%) 

Computerized surveillance: 102 ADEs 

detected (52%) 

Manual chart review: 96 ADEs detected 

(51%) 

Yun et al. 

(2012) [57], 

Korea 

Retrospective, 30 

wards, one 

hospital, for 14 

moths 

ADEs In total: 1539 ADEs 

Spontaneous reporting: 1055 (66%) ADEs 

detected 

Ward rounds with chart review: 309 (20%) 

ADEs detected 

Clinical data repository: 229(14%) ADEs 

detected 

AE=adverse event, ADE= adverse drug event, ADR=adverse drug reaction 
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Studies were published from 1998 to 2018. Two studies were conducted on pediatric patients 

[48, 54] while the remaining studies involved the general population. 

Study methods characteristics 

All studies have directly compared at least two methods. Seven studies used incident reports to 

measure baseline. The incident reporting was voluntary spontaneous reporting within 

institutions for the majority of studies. One study used stimulated, confidential reporting [52] 

where the nursing and pharmacy staff were asked about possible events to report.  

The majority of studies used record review (n=8) which involved a non-targeted and/or targeted 

review which utilizes triggers. The included studies varied considerably in the information 

sources used, and type and number of triggers. Computerized surveillance i.e., automated 

detection method was used in four studies [48, 52, 53, 55]. Using targeted triggers was common 

for all computerized detection methods, however the application of the triggers and the data 

sources used varied greatly in these studies as well. One study involved prospective pharmacist 

surveillance of prescription records [50] and two studies involved direct observation [49, 54]. 

Four studies differed between preventable and non-preventable ADEs [48, 51, 52, 54]. Two 

studies detected adverse events in general and detected ADEs as a subgroup within these [55, 

56]. Two studies detected medication errors alone [49, 50]. 

Efficiency of detection methods from the literature review 

Incident reporting detected the lowest percentage of ADEs in the majority of the reviewed 

studies. Targeted record reviews have detected ADEs in rates substantially greater than incident 

reporting [52]. However, this does not apply for all populations or event types. In one study 

conducted on pediatric patients, the trigger tool did not detect any harmful medication errors 

(ADEs) of the 33 harmful medication errors that were detected as baseline by a multifaceted 

method [54]. The reasons for this poor efficacy of the trigger tool are many, but it is likely that 

the trigger tool was not properly adopted to the specific setting and population. In another study 

that evaluated prescribing errors in a surgical hospital ward, the trigger tool method detected 

only 2% of prescribing errors, while manual record review detected 83% and pharmacist 

surveillance detected 24% prescribing errors [50]. Targeted record review alone is not the 

method of choice to measure medication safety in prescribing errors [50]. In a multicenter study 

on medication errors, targeted record review detected 3,7% while direct observation detected 

66% of medication errors [49].  
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Computerized surveillance detected ADEs at a rate 3.6 times greater than incident reporting at 

a university hospital, and 12.3 times greater at a community hospital [53]. Similar results were 

found in the study by Jha et al., that detected ADEs with a computerized strategy at a rate 12 

times higher than incident reporting [52]. When compared with record review, computerized 

surveillance detected similar numbers of ADEs [55, 56]. In a study focusing on medication 

errors in pediatric patients, Ferranti et al., found that computerized surveillance did not detect 

drug omissions, meaning the detection was entirely reliant on incident reporting to detect these 

type of events [48]. 

It is important to note that there was generally poor overlap between events detected with more 

than one method. Although incident reporting detected small number of events, these events 

were not detected by other methods [54]. This applies for other methods as well. Tinoco et al. 

found that overlap between events detected with record review and computerized surveillance 

was only 3% [56].  

There were substantial differences in time and resources required for utilizing the different 

methods. Jha et al. evaluated time needed to conduct the different methods and found that chart 

review was most time consuming and required 55 person hours per week, computer strategy 

required 11 person-hours per-week, and voluntary reporting required 5 person-hours per week 

[52]. Record review was also found to be resource-intensive in other studies [49, 51].  

The evaluated methods vary in the number and type of events they detect. This is best illustrated 

in a study performed in 36 hospitals and skilled-nursing facilities that compared three methods 

for medication error detection and found that direct observation was more efficient and accurate 

than reviewing charts and incident reports in detecting medication errors. For ADEs detection, 

on the other hand, observation was least effective to detect ADEs [54] when compared to other 

methods. While known as a low-cost method that provides rich data within or across healthcare 

systems or nation-wide, the incident reporting data detected least ADEs and cannot be used to 

establish ADE rates. Chart review is the most effective method for ADE detection in the 

majority of studies but requires a trained and experienced reviewer and is resource intensive. 

The role of computerized surveillance in detecting ADEs is important as it integrates 

comprehensive information sources, and it can identify ADEs missed by clinicians more 

quickly and inexpensively than other methods.  
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Table 2 Advantages and limitations of reviewed methods for medication errors and adverse 

drug event detection.  

Method Advantages Limitations 

Incident 

reporting 

(voluntary and 

stimulated) 

Detect events not detected by other 

methods 

Require minimal training of HCPs 

to report an event 

Identifies system failures, potential 

ADEs (non- harmful medication 

errors), omissions, medication 

administration errors that are not 

detected by trigger tools (targeted 

record review) 

Can identify ADE trends 

Stimulated reporting is likely to 

detect more events than voluntary  

Detect small number of ADEs 

Underreporting 

Reporting bias- health care providers 

report rather severe events  

HCP must be aware of an event to report 

Higher reporting rates do not indicate 

higher rate of ADEs, but a culture 

devoted to reporting 

Record 

review: 

manual 

(untargeted) 

and triggers 

(targeted) 

Utilizes readily available data 

Well adopted and commonly used  

Targeted review less time-

consuming than manual review 

Detects more ADEs than incident 

reporting 

Effective to detect ADEs when 

applied as a two-stage review  

Dependent on training and experience of 

reviewers, and the rules to be adjusted to 

specific setting 

Interrater reliability issues between 

reviewers 

Time and resource intensive- best suited 

for periodical review  

Not effective in detecting latent errors, 

non-harmful medication errors 

Many false positive signals 

Automated 

monitoring 

(computerized) 

Can monitor ADEs in real time and 

thus potentially prevent harm 

Integrates multiple data sources 

Inexpensive after initial 

implementation, but needs 

maintenance to increase trigger 

sensitivity  

Identifies events associated with 

known areas of risk (high-risk 

medications) and harmful events 

Applies for setting with full electronic 

records 

Costly to implement, requires software 

Integrating multiple data sources takes 

time (years) 

Vulnerable to programming errors  

Not effective in detecting latent errors, 

non-harmful 

 

Direct 

observation 

Prospective method 

Preferred approach for detection of 

medication errors and potential 

ADEs 

Provides data otherwise unavailable 

such as near misses, latent failures, 

contextual and human factors of the 

error environment 

Provides clues to error causes 

Not suitable for detection of ADEs  

Require experience and training of 

observers (data collectors) in observation 

technique and appropriate medication 

knowledge 

Costly, recommended for periodical 

monitoring 

Observers’ presence may affect the 

observed (Hawthorne effect) 

Interviews 

(Patients, 

health care 

professionals) 

Detect more incidents than record 

review or incident reporting 

Could be combined with discharge 

/medication review/reconciliation to 

optimize resource and time use 

Unique perspective  

Only patients that are conscious and 

healthy enough can participate 

Time from the ADE occurred to interview 

affects detect rates, especially in 

discharged patients 

HCP= Health care professionals; ADE= Adverse drug event  
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More important, there was poor overlap between ADEs detected with record reviews, 

computerized surveillance, and incident reporting. The results of the literature review are 

consistent with prior studies [34, 58, 59] and confirm the need of complementary detection 

methods as a standard for measuring ADEs and medication errors. The main advantages and 

limitations of the reviewed methods are presented in Table 2. 

1.5 Conceptualizing the medication management process in hospitals 

 

Medication management process is a process used by health organizations to ensure safe 

use of medicines. The process starts with prescribing the medication, follows by 

preparing/ dispensing, administering and monitoring of the patient for medication effects 

and side effects [60]. 

  

 Each of the stages in the medication management process comprises a variety of tasks, 

activities and involve different health professionals, adding complexity in a risk-prone work 

environment. Medication errors can occur in any stage in the medication management, however 

most frequently in the prescribing and administration stage [19, 61, 62]. Medication 

administration errors are the most common type of errors in hospitals and have been studied 

most extensively [16, 63, 64]. For example, in a US study on about 1000 medication errors in 

children, approximately 30% were prescription errors, 25% were dispensing errors and 40% 

were administration errors [65]. In another study on clozapine medication errors reported to the 

National Reporting and Learning System in UK, 60% of all medication errors occurred in the 

administration stage [33]. Maidment and colleagues found that medication administration errors 

were most frequent among errors in older people with mental health problems [66]. Medication 

administration is the last stage before the patient receives the medication, thus medication errors 

that occur during administration are less likely to be intercepted by other health professionals. 

One multicenter study found that whereas 48% of prescribing errors, and 34% of dispensing 

errors were intercepted before they reached patients, only 2% of drug administration errors were 

detected before they reached the patient [67]. 

Regardless of the population, setting or medications being administered, nurses have the main 

responsibility for medication administration carried out in the hospital wards [68, 69]. One 

systematic review found that about one-third of all errors causing harm to hospitalized patients 

occured during the medication preparation and administration phase, predominately nursing 
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activity [70]. Nurses have been guided by the ‘5 rights’ of medication administration in both 

education and practice for many decades, that include: the right patient, right medication, right 

route, right time and right dose [71]. Studies have examined the adequacy of the 5 rights and 

even proposed to include more rights that refer to correct orders and to support the patient role 

in medication administration [72]. Although following rights provides consistency in nursing 

medication management, organizations, including the Institute for Safe Medication Practices 

has argued that solely following the rights will not prevent medication errors and argued for 

adding additional safety steps in the medication dispensing and administration process as a 

more efficient measure to prevent errors [73].  

1.6 Causes of errors 

It is imperative to understand how and why errors occur in order to develop effective prevention 

mechanisms. Establishing the error cause is primarily depending on the available data source 

and the purpose of the analysis. For example, collecting qualitative data, e.g., observation or 

interviews will normally provide more details to understand the cause of an error than will 

incident reports. Regardless, data from incident reports are used to explain contributing factors 

[74, 75] although health professional’s understanding of the error and the amount of information 

provided in the report will influence the established causes.  

In the early medication errors research, the concept of systems failures as the underlying causes 

of errors was not widely accepted, whereas blaming individuals received much attention [76]. 

Ever since, the approach to understanding medication errors has focused to ensuring the 

attention to safety that is achieved in other high-risk industries [6]. Reason’s model of accident 

causation was introduced to healthcare from the aviation and engineering industry and provides 

a systems approach that is broadly applied in understanding medication errors. In a US study 

from 1995, Leape et al. used the Reason’s model to identify causes to medication errors [67]. 

These were lack of knowledge, lack of information about the patient, failure to follow 

procedures, slips of individuals, problems in communication during transition between units, 

preparation errors involving calculating and mixing errors. Similar causes to errors were found 

using the Reason’s model in a systematic review that found similar factors to cause errors 

including slips of individuals e.g., misreading medication or patient names, communication, 

mix-up of sound-alike and look-alike medications, poor supervision by senior colleagues, 

working culture e.g., working double shifts, organizational decisions, and lack of knowledge 

about medications [77]. One systematic review that analyzed contributing factors to errors 

differed between individual and systems factors [78]. Other studies have also found that nurses’ 
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unsatisfactory knowledge of medications has contributed errors, in particular errors with 

intravenous medications and dose calculation errors [79-81]. Medication dose calculation 

involves tasks with numbers [82], such as understanding of units or volumes during dilution or 

proportion calculations. The literature suggests that numeracy skills of nurses are poor despite 

qualifying for the required level of competency [83, 84]. Although medication calculation 

errors have been associated with nurses’ poor mathematical skills [85-87] and have led to 

harmful events, other systems factors have also contributed to these errors [88, 89].  

Root cause analysis (RCA) and Failure mode and effect analysis (FMEA) are considered two 

leading techniques in health care quality assessment [90]. While the RCA is a retrospective 

approach that asks ‘Why did the system fail in the past?’ the FMEA is prospective and asks 

‘How could the system fail in the future?’ [91]. Although widely applied within organizations 

to investigate causes to individual incidents, these approaches have received criticism for not 

meeting their primary aim – and failed to prevent errors [92, 93]. A systematic review that 

evaluated causes to medication errors concluded that there is lack of consistency in medication 

error causation research [77]. One study that analyzed fatal medication errors found that 65% 

errors were caused by human factors [94]. Literature on medication causation has pointed out 

that problems with equipment (availability, design) [95, 96] and general working environment 

(noise, light, high workload) [97, 98] has contributed to errors. Evaluating how health 

professionals interact with their workspace has provided deeper understanding of the error 

causation [99]. With the introduction of new devices, gadgets and technology in the medication 

management process, this approach is promising in error causation research. Understanding the 

etiology of medication errors contributes to designing impactful measures to reduce errors. The 

topic of error reduction interventions is elaborated in the following section. 

1.7 Error reduction interventions  

Double- checking is widely rooted in nursing practice as an intervention against preparation 

and administration errors and associated harm. Hospital medication management procedures 

often require independent double checks for drug calculations and preparation of high-risk 

medications, pediatric medications and compounding intravenous medications [100, 101]. The 

independent double-checking must be separately performed by the requesting and the checking 

nurse, and without them sharing information. In contrast, double-checking in clinical practice 

is frequently preformed with primed double checks [102], whereby one nurse shares the 

information about the double checking with the other nurse, for example, the name of the 

medication to be checked. Primed double-checking can lead to confirmation bias [81] and rather 
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than confirming that the calculation is correct, the checking nurse should do the calculation 

themselves. Safety concerns have been raised regarding nurses’ ability to calculate drug doses 

and compound intravenous medications whilst providing patient care [85, 87]. The utilization 

of double checks is resource-consuming, while the impact double checks have to prevent and 

reduce error rates and patient harm is limited [103, 104].  

The role of information technology  

Information technology in healthcare play an important role in improving the safety, quality 

and efficiency [105-107] and different technologies are designed to address specific stages of 

medication management. An overview of some studies that evaluated error reducing 

interventions and their impact is presented in Table 3. 

The electronic prescribing or computerized physician order entry is a core information 

technology that addresses safety and quality at the very beginning in the medication 

management process. The technology involves orders entered digitally (no handwriting), 

directly (not through a unit secretary) and through standardized, preexisting order sets [108]. 

Electronic prescribing has a range of potential benefits including reduction of some medication 

errors [109]. In some cases, electronic prescribing had negative effects on patient safety and led 

to occurrence of new errors [110, 111]. The incorporation of electronic prescribing into patient 

care is an essential criterion for the implementation of electronic Medication Administration 

Record (eMAR).  

The eMAR has revolutionized the medication management process and has been the foundation 

for the development of a series of other technologies in the medication administration stage.  

Automated dispensing cabinets (ADCs), also known as unit-based dispensing allow for safer 

and faster administration of medications. ADCs are locked cabinets that facilitate traceability 

in medication dispensing. After login, nurses select the patient and intended medication. The 

ADC only allows the nurse to access to the compartment for that exact medication. Back in 

2008, ADCs have been introduced in more than 80% US hospitals [112], and have standardized 

the medication administration process and reduced medication errors. A UK hospital study 

found that ADCs decreased time for medication administration, and to some extent reduced 

error rates [113]. 

Smart infusion pumps are computerized infusion devices connected to the electronic medication 

administration record that check the programmed infusion rates against present limits within a 

drug library. Smart pumps reduce some types of errors [114], but dose limits can be over-ridden, 

and intravenous medication administration errors still persist [115]. Smart pumps have showed 
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to reduce programming errors, while errors caused by the incorrect use of the pump or the 

software have also been reported [114, 116]. Overall, the evidence regarding the impact of 

smart pumps to patient safety is mixed [117, 118]. 

Barcode medication administration (BCMA) technology involves scanning the barcode on the  

patient ID wristband and the barcode on the medication to confirm the ‘five rights’ of 

medication administration: right patient, right medication, right dose, right route, and right time. 

The literature suggests a beneficial role for BCMA in reducing medication errors rates [119, 

120], specifically certain types of errors such as wrong patient, wrong dose and wrong 

medication [121, 122]. However, the disrupted workflow with the use of BCMA has resulted 

in workarounds, also described as deviations from policies [123-127]. For example, carrying 

trays with prescanned medications instead of scanning medications at the bedside leads to non-

intended use of the technology and has resulted in new errors associated with the use of the 

technology [124, 128]. Additionally, preventing errors is dependent on appropriate 

implementation of the technology within the hospital environment [124, 125, 129-131]. One 

systematic review found that human factors and technology issues are standing in way of 

achieving full benefits of the BCMA technology [132]. Although the impact of successful 

implementation of BCMA is acknowledged to be imperative to medication safety, there is 

limited research to disclose why deviations from intended use occur and what causes this known 

phenomenon [133]. 

The ability of the technologies described above to reduce error rates vary from convincing 

results for the BCMA technology to limited impact for smart infusion pumps. However, the 

literature is consistent that success depends on proper implementation and adaptation of the 

technology to the given hospital. In addition, safety issues are associated with technology itself.  



Introduction 

19 

 

Table 3 Overview over studies evaluating error reduction interventions. 

Intervention Reference Design Effect of the intervention 

Double-check 

Koyama et 

al. [134] 

Systematic 

review 

Insufficient evidence that double checks lead to 

reduction in medication error rates or reduced 

harm. 

Westbrook 

et al. [104] 

Before/after 

analysis 

Did not show to reduce error rates. 

Computerized 

physician order 

entry 

Bates et al. 

[109] 

Before/after 

analysis 

Nonintercepted serious medication errors reduced 

55%, from 10.7 events per 1000 patient-days to 

4.86 events per 1000. Errors decreased in all 

stages of the medication management process. 

Leung et 

al.[110] 

Before/after 

analysis 

Decreased preventable adverse drug events by 

33% but increased overall adverse drug events. 

Electronic 

medication 

administration 

record 

Oliveros et 

al. [135] 

Before/after 

analysis 

Significant reduction in error rates from 48% to 

36.9%. 

Automated 

dispensing 

Cottney et 

al. [113] 

Before/after 

analysis 

Reduction in error rates from 8.9% to 7.2%. 

Fanning et 

al. [136] 

Before/after 

analysis 

Reduction in medication dispensing and 

preparation error rate from 1.96% to 0.96%, a 

reduction of 64.7%. 

Chapuis et 

al. [137] 

Before/after 

analysis 

Significant impact of the automated dispensing 

system in reducing preparation errors, from 20.4% 

to 13.5%. 

Smart infusion 

pump 

Ohashi et al. 

[114] 

Systematic 

review 

Smart pumps reduce but do not eliminate 

programming errors. 

Lyons et al. 

[115] 

Before/after 

analysis 

Little effect on reducing programming errors, 

similar error rates with and without a smart pump 

(10.3% vs. 10.8%). 

Schnock et 

al. [117] 

Before/after 

analysis 

Despite the use of smart pumps high error rates 

identified with the administration of intravenous 

medications. 

Barcode 

medication 

administration 

Poon et al. 

[119] 

Before/after 

analysis 

Reduction in error rate from 11.5% to 6.8% 

(excluding timing errors), a reduction of 41%.  

Hassink et 

al. [138] 

Before/after 

analysis 

Reduction in error rate from 8.6% to 5.3% 

(excluding timing errors). 

Barcode 

medication 

administration, 

combination 

with other types 

of technology 

Shah et al. 

[132] 

Systematic 

review 

All studies included in the review (n=3) suggested 

that BCMA has the potential to reduce error rates 

for non-timing administration errors and total 

errors. 

Zheng et al. 

[139] 

Systematic 

review 

Three studies from the review reported reductions 

in error rates, but new errors occurred due to 

medications labelled with wrong or unreadable 

barcodes.  

Ros et al. 

[140] 

Before/after 

analysis 

Reduction in dispensing error rate from 3.1% to 

1.7%, a reduction of 47%. 
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1.8 Safety culture  

Humans make mistakes. Not so long ago the approach of addressing errors was to identify the 

individual responsible for the error and act punitively. Although the punitive approach is not 

entirely abandoned, and has led to health professionals being charged or suspended after serious 

medication errors [141], organizations have shifted the accountability from individuals [142], 

and moved focus from the “shame and blame” strategy towards identifying system flaws that 

can prevent future errors [143].  

Organizational culture is defined as ‘the shared values, beliefs, or perceptions held by 

employees within an organization‘ [144]. Within a hospital, culture can be considered as the 

glue that holds an organization together. The term safety culture was first used in a post-

accidental report after the nuclear power disaster in Chernobyl in 1986. The culture within 

health organization is influenced by the attitudes of the leaders that consequentially shape the 

behavior of employees. Patient safety is best served with the adoption of a safety culture – ‘an 

organizational commitment to continually seeking to improve safety ‘ [19]. To achieve a safety 

culture, senior leadership must prioritize and dedicate resources to continuous quality and safety 

improvement [145]. In a blame-free, just culture there is an understanding that experienced 

health professionals can make mistakes, and the attention is aimed to identifying system-based 

causes to errors and acknowledging the contribution of human factors to errors [142]. 

1.9 Theoretical framework in the thesis – a systems approach 

This thesis is based on a systems approach that focuses on improving the processes, systems, 

and environment in which people work rather than attempting only to improve individual skills 

and performance. The systems approach relies on the assumption that errors are caused by 

systemic failures [146]. In this body of work, the systems approach allows for broader 

understanding of error causality and interactions within the medication management process 

[146]. Embracing the systems approach implies that errors can be prevented by building a 

system that is resilient to expected human errors [25]. For example, avoid mix-up of two look-

alike medications by placing them in separate drawers. 

The model of causal factors 

Understanding the causality of medication errors from a systems point of view focuses not only 

in identifying the causes of medication errors but exploring what those causes say about the 

safety in the medication management process. We applied the model of causal factors to explore 

the causality of medication errors, more specifically numeracy errors such as miscalculation of 
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medication dosage. The model has previously been applied to analyze tenfold medication errors 

[88, 89], also a type of numeracy errors. Additional models that were considered to explore 

causality, such as the Reason’s model of accident causation, Root cause analysis, and Failure 

mode and effect analysis, are described earlier in the thesis (p.15).  

The model of causal factors evaluates medication errors as a consequence of the process, and 

allows for in-depth exploration of the error causality by identifying causal factors. Through 

addressing the nature and causes of errors, this model further allows for discussing the systems’ 

defects in the medication management process.  

Human factors approach- the SEIPS model 

While the model of causal factors provided understanding of the medication errors causality, 

the human factors approach provided the underlying theoretical framework to aid in exploring 

the interactions in the work system during medication administration.  

Human factors focuses on humans and how they interact with products, devices, procedures, 

and the work environments [147]. 

System Engineering Initiative for Patient Safety (SEIPS) model is an approach combining 

human factors and quality improvement models in healthcare. It was originally funded by the 

Agency for Healthcare Research and Quality [148]. 

 

Human factors systems approaches are crucial for improving quality and safety in healthcare. 

The approach originates from concepts of ergonomics and systems engineering. Although it 

was applied to analyze work system contributors to medication errors in 1960 [149], the 

imperative role of the human factors approach in medication safety research was not 

acknowledged until proposed in the pivotal report “To Err Is Human” in 1999 [3]. The SEIPS 

model, a human factors approach for patient safety, has been utilized in the past 15 years to 

study and improve healthcare [150-152]. In this thesis, the SEIPS model is applied as theoretical 

framework to improve understanding of the complex interactions in the medication 

management process in hospital and their impact to patient safety.  

The SEIPS model has evolved with time, from the original SEIPS model [150], SEIPS 2.0 

[152], SEIPS 3.0 [153], to the recently published SEIPS 101 [154]. The versions vary in their 

applications and complexity. In this thesis, we applied the original SEIPS model that has been 

broadly applied in medication safety studies [99, 155] and across healthcare [151, 156]. The 
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SEIPS model comprises three main parts: work systems, work processes and work outcomes, 

as is illustrated in Figure 3 [150].  

 

Figure 3 The SEIPS model of work system and patient safety. Duplicated with permission from 

Carayon et al. (2006). 

Work systems comprise five interacting elements: tasks, technology, organization, environment 

and person in the center. The process refers to how the work is done i.e., workflow. The outcome 

results from work system and process, and includes patient outcomes such as patient safety, or 

outcomes associated with health professionals or organizations. The arrows between the work 

system, processes, and patient or health professional outcomes, referred to as feedback loops, 

indicate interactions. As a dynamic model, the change in one part will in response lead to 

adaptation of other parts of the model. A key characteristic of the feedback loops is that they 

can be used to identify problems and initiate measures for redesigning the work system. One 

study that evaluated BCMA use in pediatric hospitals serves as a good example of this feature 

of the SEIPS model [155]: Introducing the BCMA technology led to nurses compensating for 

the flaws of the technology by creating, at times, dangerous solutions. The human factors 

analysis provided insight into how different types of workarounds affected nurse and patient 

outcomes. Based on the identified problems, the authors used the SEIPS model to suggest 

improvements which altered the use of BCMA to achieve desired outcomes. 
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1.10 Scope of the thesis 

Overall, the introduction has highlighted that a considerable number of patients are harmed by 

preventable medication errors. In particular, methods used to detect medication errors and 

adverse drug events are described. Choosing a multimethod approach is recommended in 

measuring harm and identifying flaws with systems and processes. Medication errors that occur 

in the administration stage are most common and most likely to cause patient harm. Specific 

types of errors, such as miscalculation of medication dosages, have led to harmful events, 

however they are poorly investigated in the literature. Therefore, better understanding of the 

causation behind errors is needed to facilitate the design of more impactful error reduction 

interventions, for example technology. However, the use of technologies during medication 

management is not problem-free and can lead to new errors.  

In describing the literature, it was apparent that choosing only one medication error detection 

method would not result in achieving a broad understanding of the safety in the medication 

management process- which is the overall purpose of this thesis. Therefore, we choose incident 

reporting to get an overview of errors in the whole medication management process, and direct 

observation as an in-depth approach to the medication administration. We used these two 

methods to address the knowledge gaps highlighted above and to provide a better understanding 

of the safety aspects along the stages of the medication management process. Figure 4 gives an 

overview of the medication error detection methods throughout the different stages of the 

medication management process. The black arrows in the figure illustrate the work covered in 

this thesis and its place in the research field. 
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Figure 4 Illustration of this thesis’ place in the research field of measuring safety in the 

medication management process
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2 Aims of the thesis 
The overall aim of this thesis was to gain a comprehensive understanding of the error-producing 

conditions across the medication management process in Norwegian hospitals. Specific focus 

was given to the most harmful events and understanding the role of technological interventions 

to improve the safety of medication administration.  

The specific objectives were (number of the original publication is provided in brackets): 

• To describe the frequency, stage in the process, and type of medication related incidents 

reported from Norwegian hospitals with emphasis on severe and fatal medication errors (Paper 

I). 

• To investigate medication dose calculation errors and other numeracy mishaps and analyze 

their causal factors (Paper II). 

• To develop and pilot an observational tool to register data during medication administration 

with the use of barcode technology (Paper III). 

• To gain in-depth understanding of nurses’ use of barcode technology during medication 

dispensing and administration (Paper III). 

• To register and analyze the number and type of policy deviations with the use of barcode 

medication administration and investigate their causes using a human factors approach (Paper 

III). 

We addressed these objectives in three empirical studies, Paper I-III, which are published in 

three international peer reviewed scientific journals. 
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3 Materials and methods 
We conducted three studies in order to answer the overall aims of the thesis. Paper I investigated 

medication-related events reported to the Norwegian Incident Reporting System with emphasis 

on the most serious events. Paper II investigated the nature and causality of medication 

calculation errors and numeracy mishaps. Paper III investigated nurses’ use of the barcode 

medication administration at two hospital wards and involved development of the observation 

methodology for data collection. 

All three papers can be integrated within the medication management process considering the 

whole or some specific stages of the process (Figure 5). 

 

Figure 5 Flowchart illustrating the integration of the thesis papers within the medication 

management process. 

The methodological characteristics of Paper I-III are summarized in Table 4.  

3.1 Medication errors reported from Norwegian hospitals (Paper I and II) 

Study design and setting 

This was a retrospective, incident reports review of medication errors reported to the Norwegian 

Incident Reporting System from 1 January 2016 - 31 December 2017. The Norwegian Incident 

Reporting System, operated by the Norwegian Directorate of Health was a mandatory, 

anonymous, and digital reporting system of incident reports for all hospitals across Norway. 

The central Government has overall managerial and financial responsibility for the hospital 
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sector. There are four regional health authorities that control the provision of specialized health 

care services through 27 health enterprises [157]. Most hospitals in Norway are public, funded 

and owned by the state. A small number of hospitals are privately owned. The incident reports 

in the study were reported from both public and private hospitals. During the two-year study 

period medication errors were reported from 64 hospitals in 2016 and 55 hospitals in 2017. In 

addition to medication-related incidents, the Norwegian Incident Reporting System received 

reports on other types of incidents that occurred in hospitals. The most frequently reported 

incident categories were clinical procedures, medication errors and patient accidents. Of the 

approximately 20 000 incident reports that were reported in the study period, medication errors 

accounted for about 17 % of all reported incidents. Health professionals were obligated by law 

to report incidents that could have or had cause patient harm. The staff employed at the 

Norwegian Incident Reporting system promoted patient safety by analyzing incidents and 

identifying trends where safety barriers failed and led to errors across institutions. These were 

published in so- called “Learning Notes” that addressed different subjects such as the double-

checking procedure, intravenous potassium administration, medication mix-ups [158]. 

During the study period, the electronic prescribing rollout was in early stage and our data 

reflected both paper-based and electronic prescribing. The electronic Medication 

Administration Record (eMAR) was introduced in a few hospitals at this point in time, and 

most of the medication administration described in the reported incidents were paper based. 

The dispensing process in the reporting hospitals was decentralized, medications were stocked 

in ward-based medication rooms and required dispensing, dilution, and further preparation by 

nursing staff before administering to the patient. Exceptions from the decentralized dispensing 

process were chemotherapeutics, cassettes for pain pumps and parenteral nutrition, which were 

compounded and dispensed by the hospital pharmacy. The national medication management 

policy mandates adherence to the “5 rights” (p. 18) of medication administration and 

independent double-checking before stages in medication management that are considered as 

risk areas, such as: handling narcotics and medications with narrow therapeutic range, preparing 

more than one dose, or handling injections and infusions [101]. 
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Data collection and inclusion /exclusion process 

The inclusion and exclusion of reported incidents for Paper I and II are illustrated in Figure 6. 

Incident reports consisted of quantitative, categorical data (e.g., patient age, incident date, day 

of the week), and qualitative free-text descriptions (e.g., incident description, description of the 

cause, patient consequences, prevention measures, caseworker’s comments). Reports varied, 

from short reports to rich and detailed descriptions of the incidents. Paper I and II involved 

review of the same dataset, Paper II zoomed in on the dosage errors identified in Paper I. During 

the two-year period, 3,557 medication errors were reported. We excluded errors which were 

not medication related, not from a hospital setting, intentional overdoses or reported more than 

once (n=185). In Paper I, 3,372 medication errors met the inclusion criteria. 

In Paper II, we included medication dosage errors that resulted from a miscalculation of the 

medication dose or a numerical misconception of the medication dosage or its unit. We included 

only real events that reached the patient. In total, 116 incident reports were classified as 

miscalculations or numeracy mishaps. Of these, we excluded three reports due to errors that 

were prevented from reaching the patient; five reports due to either insufficient and unclear 

information; seven reports were excluded due to the calculation error being not dosage related 

(n=7); and one calculation error did not occur in a hospital setting. Medication calculation errors 

and numeracy mishaps are further in the thesis collectively referred to as numeracy errors. 

Difference between the methodological approaches in Paper I and II is presented in Table 5.  
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Figure 6 Inclusion and exclusion of reported incidents to the Norwegian Incident Reporting 

System in 2016 and 2017 for Paper I and Paper II.
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Table 5 Difference between the methodological approach in Paper I and II. 

 Paper I Paper II 

Included 

incident reports 

All medication errors Dosage errors 

Applied 

classification of 

the severity of 

medication 

errors  

Adapted WHO degree of 

harm classification to: 

• No harm 

• Mild 

• Moderate 

• Severe 

• Death 

Adapted NCCMERP classification: 

Error, no harm: C and D 

Error, harm: E, F, G, H 

Error, Death: I 

Patient outcome Near misses and actual events Actual events that reached the patient 

Analysis Descriptive statistics in SPSS. 

Classification of incidents: 

• Error type 

• Stage in the process 

• Therapeutic class 

• Degree of harm 

Descriptive statistics in SPSS. 

 

Quantitative 

analysis of 

characteristics of 

numeracy errors. 

Descriptive 

statistics in SPSS. 

Qualitative 

thematic 

analysis of free 

text descriptions 

to error source, 

mechanism, and 

enabler; and 

degree of harm  

Interpretation Cross checking of different 

variables and interpretation of 

results. 

Integrating the quantitative and 

qualitative findings with emphasis on 

the qualitative strand (casual factors) 

 

Definitions and classification system 

For this study, we employed the commonly used definition of medication errors provided by 

The National Coordinating Council for Medication Error Reduction and Prevention 

(NCCMERP), as stated earlier (p. 3). To classify the errors, we used an adopted version of the 

WHO classification system: the Conceptual Framework for the International Classification for 

Patient Safety [159]. The employees at the Norwegian Incident Reporting System had classified 

two-thirds of the reports by stage in the medication process and error type. The PhD candidate 

thoroughly read all the reports to familiarize herself with the data and classified the remaining 

one-third of the incident reports. The stages in the medication process were prescribing, 

preparation/dispensing, administration, and storage. The error types were wrong patient, wrong 

drug, wrong dose/strength or frequency, wrong route, wrong dispensing label or instruction, 

wrong storage, contraindication, omitted medicine or dose and adverse drug reaction. 

The degree of harm for Paper I was classified due to the following five-point scale [159]: (1) 

no harm: an incident had the potential to cause harm, but was prevented (near miss) or ran to 

completion, but no harm occurred; (2) low harm: a patient required extra observation or minor 

treatment; (3) moderate harm: significant, but no permanent harm, where the patient required 
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treatment measures; (4) severe harm: significant treatment/harm that required surgery, transfer 

to an intensive care unit, a prolonged hospital stay or permanent harm and (5) death: the error 

may have contributed to or resulted in a patient’s death. To enhance validity and reliability 

[160] we classified the degree of harm for all incidents, which involved correcting the degree 

of harm for some incidents originally classified by the employees at the Norwegian Incident 

Reporting System. Incidents with unclear descriptions and those that were difficult to interpret 

were discussed by two researchers until consensus was met. Incidents that lacked sufficient 

information to establish the degree of harm were classified as missing. 

The degree of harm in Paper II was classified according to the internationally acknowledged 

NCCMERP harm scale [14] to facilitate comparison with published literature. Also, we 

classified the reports by medication name and therapeutic area at Anatomical Therapeutic 

Chemical (ATC) level 2 [161]. Medication name was not a mandatory field on the electronic 

reporting form, and therefore it was not possible to classify for all reports. 

Paper II involved analysis of incidents to error sources, mechanisms and enablers. Error source 

was defined as the initiating factor that precipitated the error e.g., writing slips, dose calculation, 

misinterpretation of the written order, etc. Error mechanisms were defined as the act or practice 

that led to the error source e.g., 10-fold errors, omitted calculations, mixed up units, mental 

dose calculations, etc. Error enablers were those factors that made it more likely for errors to 

occur e.g., double check omitted or deviated, small volume or quantity of the drug, paper-based 

prescribing, etc. 

Understanding the setting 

To approach the analysis process, it was essential to get familiarized with the context where 

errors occur and are reported. Getting to know the setting helped us understand and use the 

detailed descriptions of incidents and probable causes and facilitated for a deeper interpretation. 

We, the PhD candidate and the principal supervisor of the thesis (AGG), performed fieldwork 

at two hospital wards where we shadowed nurses during medication preparation, dispensing 

and administration. We also wanted to gain a deeper understanding of the reporting system 

from a local or regional level where the PhD candidate performed semi-structured interview 

with two employees devoted to quality of care at the hospital. To understand the incident 

reporting system from a national level, we held several meetings with the caseworkers at the 

Norwegian Incident Reporting System.  
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Data analysis 

The analysis process for Paper I comprised in frequency analysis and descriptive statistics of 

error type, stage in the medication process, degree of harm, therapeutic area, which were 

performed using IBM SPSS V25. Crosschecking the frequencies of different variables helped 

identify trends in the reported incidents and assisted interpretation, e.g., crosschecking the stage 

in the process with the degree of harm to investigate the stage in the medication process where 

most harmful errors occurred. 

Paper II involved a quantitative and a qualitative analysis of the incident reports. The 

quantitative analysis was similar to Paper I, comprised frequency analysis, and descriptive 

statistics of general characteristics of medication errors in SPSS. In addition to the previously 

categorized characteristics of medication errors in Paper I, for Paper II we also categorized 

incidents by medication name, route and formulation, as well as overdosage or underdosage. 

Since Paper II included only numeracy errors containing sufficient information about the event 

to allow for analysis of causal factors, the emphasis of the analysis was on the qualitative data 

strand. To analyze the nature and causal factors of numeracy errors we adapted a method 

applied in previous studies [88, 89]. All reports were thoroughly read, and themes were 

identified as they emerged from the data. To enhance validity and reliability during 

classification and interpretation the first and second authors independently categorized the 

themes of error sources, mechanisms and enables. Both authors also described the outcome by 

grading the severity of medication errors according to the adapted NCCMERP classification 

system [14]. We discussed each reports’ analysis until we reached agreement. We then 

presented the analysis of causal factors to the last author and discussed these until agreeing on 

the final categories, as presented in the findings. 

3.2 Observation of Barcode medication administration (Paper III) 

Study Design 

We employed a mixed methods design for this study, combining quantitative and qualitative 

research approaches.  

Mixed Methods methodology 

Mixed methods research is a methodology that involves using both qualitative and quantitative 

data when exploring a single phenomenon. The basic purpose of integrating the two methods 

is to answer the research question with a synergistic utilization of the data sources and analysis 

compared to the separate qualitative and quantitative methods [162]. 
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Rationale for using a mixed methods approach  

Words or narratives can add the meaning to numbers, thus the rationale for using a mixed 

methods approach when observing nurses during medication administration was to expand the 

strengths of both quantitative and qualitative methods when answering the study aims, which 

were in summary: 

• to gain an insight into nurses’ use of the barcode medication administration technology 

• to record the policy deviations when using the technology and investigate their causes  

Specifically, rationale for the use of quantitative methods was to record the number and type of 

policy deviations; and qualitative methods were used to provide a platform for understanding 

the causes to policy deviations and the interactions between the nurses, the technology they use 

and the environment in which they work. We used the mixed methods to leverage on the 

strengths of the two data sets and to integrate the data as a means of understanding and achieving 

the study aims. 

Types of mixed methods 

The methodological field of mixed methods involves a number of research designs and different 

approaches to evaluate when choosing the design. The key principle is to determine the reasons 

for mixing methods [162]. These include but are not limited to triangulation (seeking for 

convergence of results from different methods- enhanced validity), complementarity, 

explanation, different research questions, context, diversity of views, etc.  

Another principle is to recognize whether the mixed methods design is fixed (predetermined) 

or emergent (a second approach qualitative or quantitative is added while the study is 

underway). In addition to defining the reasons and distinguishing between fixed and emergent 

design, researchers use a typology-based approach, which involves the researcher to make two 

primary decisions when choosing an appropriate mixed methods design [163, 164]. These are:  

• To determine the priority of the qualitative and quantitative components- whether one 

wants to operate largely within the qualitative or quantitative approach or not. 

• To determine the timing whether one wants to apply the qualitative and quantitative 

components concurrently or sequentially. The timing often refers to the time the data were 

collected, but also, more importantly, the order in which the two data components were 

analyzed. 
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Rationale for using a concurrent triangulated mixed-methods approach 

Figure 7 illustrates the concurrent triangulated strategy that was used in this study. The 

quantitative and qualitative are presented in capital letters, which according to a notation system 

for mixed methods [163] denotes priority and means the two datasets were equally prioritized. 

The two datasets were collected at the same stage of the research process, analyzed at the same 

stage but independently, and then integrated during overall interpretation using a triangulated 

approach. For example, this approach allowed the number of the policy deviations using 

barcode medication administration and their causes to be examined collectively. The concurrent 

triangulated mixed methods design used in this thesis is also known as convergent parallel 

design [164]. 

 

 

Figure 7 Illustration of the concurrent triangulated mixed methods approach. 

Strengths and weaknesses of the mixed methods approach  

The use of mixed methods is time consuming as it involves extensive data collection, analysis 

and integration of the two data sources. It can be difficult for a single researcher to conduct both 

the qualitative and quantitative research, especially if the two approaches are carried out 

concurrently. In our study, this process involved a research team. On the other hand, mixed 

methods approach can provide deeper understanding of the phenomenon that is investigated by 

overcoming limitations and utilizing strengths of quantitative methods (large sample size, quick
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 precise data collection, generalization, lack local context) with those of qualitative methods 

(small sample size, contextual factors, stakeholders’ needs, time-consuming data collection, 

researchers’ role) [163].
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Data collection 

We collected data on hospital wards at a 700-bed hospital from October 2019 to January 2020. 

The medication dispensing at the hospital was decentralized and was a nurse-operated task in 

the wards’ medication room. Medications were dispensed by nurses for specific patients in the 

medication cart which was then stored at the nursing station until administration. During 

medication rounds the nurse would roll the medication cart in the patient room and scan the 

patient ID wristband and all barcoded medications prior to administration. The description of 

the delivery, dispensing and administration process with respective policy descriptions is 

illustrated in Figure 8. The hospital had implemented the BCMA technology and eMAR over a 

3-year period prior to the study start, and the studied electronic system was a part of 

MetaVision, iMDsoft. In addition to the digitalized medical records and scanning during 

medication dispensing and administration, the BCMA also comprised of physical components: 

patient ID wristbands, single dose medication units, medication carts containing medications in 

drawers and a laptop on the top surface (Figure 9). We collected data on a cardiac medical ward 

and a geriatric intensive care ward. One nurse cared for up to 9 patients during the day shifts 

and up to 13 patients during the evening/night shifts. Other ward characteristics and observation 

details can be found in the Supplementary Appendix 1 in the published manuscript of Paper III.  

  

Figure 9 Medication cart with patient drawers containing medications and a laptop with attached 

scanner on top surface. 
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Development and piloting of the data collection tool 

Using a secured web-based data survey software [165], we developed a digital registration tool 

for data collection during medication administration. We piloted the tool on two medical wards 

where two observers independently followed nurses during medication rounds and observed 

medication administrations for 30 patients. The pilot data were not included in the main study 

but were used to validate the observational tool and prepare for the main study. The results of 

the pilot were evaluated by our interprofessional research team. The interpretation of the pilot 

assisted to thorough utilization of the tool, to evaluate the relevance of each question in the 

observational tool for the study purpose, and to improve design for registration during data 

collection. We developed separate tools for the oral and parenteral medications because of 

differences in the administration processes (Supplementary Appendix 2 and 3 in the published 

manuscript of Paper III), which contained in total 28 questions (14 questions in each tool). The 

questions were aligned with the workflow during medication administration, as described in the 

hospitals policies. The tool could collect data on the following: 

• The use of scanning during medication administration: 

(a) number of medications (total, scannable and scanned medications) 

(b) number of scanned ID wristbands 

• Policy deviations with dispensing, labeling, storage or scanning 

• Technological discrepancies with equipment or software 

• The storage of inpatients private medications: storage and administration 

• Further comments field: comments during observations were registered in the free text field 

of the tool. 

Identifying policy deviations 

In this thesis, the term policy is used to describe specific and practical working procedures that 

should provide a consistent way of conducting tasks among employees. This should not be 

confused with the general term of policy that outline organization’s standards and expectations. 

Paper III refers to two specific medication management policies in the study hospitals: 

medication dispensing and medication administration policy. 

According to the hospital’s dispensing policy, the nurse was required to prepare the right dosage 

of medications in patient-specific drawers in the medication cart. According to the hospital’s 

administration policy, the nurse was required to scan patient ID wristband with barcode scanner 

plugged into the laptop on the medication cart and scan all barcoded medications prior to 
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administration.  

We defined a policy deviation as the act of dispensing or administering a medicine that was not 

in accordance with the hospital policy. Task-related deviations were failures with tasks 

involving use of barcode scanning during dispensing and administration. Organizational policy 

deviations included violations of hospital medication management policies, for example 

dispensing the wrong dose of the medication in the patient drawer placed in medication cart. 

Technology-related factors included technological discrepancies (hardware and software) 

associated with the BCMA. Environmental factors included elements of the physical 

environment that affected the BCMA. Nurse-related factors were related to the practice or 

comments of individuals. The five types of deviations/ factors defined above are in accordance 

with the SEIPS model (p. 22).  

Data analysis 

Data from the oral and parenteral observational tool (quantitative data) were merged to fit one 

observation per patient. To analyze the quantitative data, we used descriptive statistics in IBM 

SPSS V.25. This involved the analysis of scanning rates and the frequency of policy deviations. 

Qualitative data were analyzed with inductive thematic analysis. Two researchers read the 

entire data thoroughly and identified preliminary themes that emerged from the text. The 

researchers coded the data assigning utterances to these themes. The manner in which the data 

fitted into the themes was discussed regularly to reach consensus. After the separate analysis of 

the qualitative and quantitative data, we integrated the findings using a triangulated approach. 

Complimentary findings from both qualitative and quantitative data sets were identified and 

compared to enhance validity, and to provide an in-depth understanding of the context around 

policy deviations and their causes. The integrated findings were then categorized according to 

the five elements of the SEIPS model for interpretation. The analysis process is illustrated in 

Table 6, where Step 1 and 2 present the stages of independent data collection and analysis of 

the qualitative and quantitative data, Step 3 presents the triangulation of the two datasets, and 

Step 4 presents categorization of the data and interpretations according to the SEIPS model
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Table 6 Procedures in the mixed methods design in Paper III. 
S

 T
 E

 P
 1

 

Design the quantitative approach 

• State quantitative research 

question 

• Define the quantitative data: 

data registered in the digital 

tool 

• Design the tool for data 

collection 

Collect the quantitative data 

• Obtain permissions and access 

to the wards 

• Pilot observations: Data 

registering data in the digital 

tool and evaluation of pilot data 

in the research team 

• Redesigning the digital tool to 

fit the research question 

• Main study: Data collection 

with the digital tool 

AND Design the qualitative approach 

• State qualitative research 

question  

• Define the qualitative data: 

Field notes and nurses’ 

comments 

 

Collect the qualitative data 

• Identify the qualitative 

sample 

• Keep track on qualitative data 

registering and field notes 

diary 

 

Merge all qualitative data from both 

observers’ field notes and nurses’ 

comments. 

 

S
 T

 E
 P

 2
 

Analyze the Quantitative Data 

 

• Merge data from the oral and 

parenteral digital tool 

• Descriptive statistics in SPSS 

• Analysis of scanning rates and the 

frequency of policy deviations 

AND Analyze the Qualitative Data 

• Inductive thematic analysis 

• Two researchers read the data 

thoroughly to identify 

emerging teams 

• Utterances (codes) were 

assigned to the themes 

• Researchers discussed the 

teams and coding to enhance 

rigour to the thematic 

analysis 

S
 T

 E
 P

 3
 

Triangulation: 

 Integrate the findings from the two data sets by 

• Identified complimentary findings from both datasets  

• Identify and examine differences between the two datasets 

• Compare complimentary findings to enhance validity, and synthesize the 

results 

S
 T

 E
 P

 4
 

Interpretation of the findings: Human Factors Approach 

• Categorize the findings according to the five elements of the work 

system in SEIPS model [150] 

• Interpret the findings evaluating the interactions between the elements of 

the work system 

• Identify causes to policy deviations 

 SEIPS= System Engineering Initiative for Patient Safety 
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The use of human factors theory  

The SEIPS model, a human factors approach, was applied as a theoretical framework that 

allowed for a more systematic approach to analysis. We sought to categorize and interpret the 

findings with a structured framework that would aid in exploring the interactions between the 

nurses, the barcoding technology, and the environment in which they use the technology with 

an overall focus on patient safety. Once we integrated the qualitative and quantitative data, we 

applied the theoretical framework to categorize and interpret the data according to the five 

elements of the SEIPS model [151]: (1) tasks, (2) organizational factors, (3) technology, (4) 

physical environment, and (5) individuals. The SEIPS model allowed us to evaluate all the 

factors of the work system involved in use of the BCMA technology during medication 

administration in the study setting (p. 22). 

Ethical considerations 

We were granted access to anonymized incident reports for Paper I and II by the Norwegian 

Directorate of Health where the Norwegian Incident Reporting System was located. Ethical 

approval was not required for this study. Paper III was approved by the institutional data 

protection board at the study hospital and did not require an ethical approval since we collected 

anonymous data about the working process during medication dispensing and administration. 

No patient related information was collected. The submitted application for the institutional 

approval is attached in Appendix 1. The e-mail response from the hospital is attached in 

Appendix 2.  

A number of ethical issues were evaluated during the design and course of the observational 

study. Conducting ethical research involves that participants are informed about the purpose of 

the study and how the data will be used [166]. To ensure this, observers have prior to 

observation start, explained the participating nurse the purpose of the study, what participating 

involves, and how the data are registered and will be used. All participating nurses signed an 

informed consent form (Appendix 3) containing information about the study, data collection 

and contact information to the principal investigator. Upon entering the patient room, the nurse 

informed the patient about the presence of the observer and study purpose. All nurses were 

voluntarily recruited with the option to withdraw from the project. One participant chose to 

withdraw from the study before the observation started. 

An ethical issue in patient safety research is the duty to intervene or report when observing a 

medication error which the research staff believes is highly likely to result in direct, severe or 

irreversible harm [167]. The researchers evaluated this issue and described in the consent form 
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that the observer will notify the nurse if they observe a deviation with potential to cause severe 

patient harm. One such situation occurred during observation and the observer discretely 

informed the nurse to prevent the medication error reaching the patient. The nurse realized the 

error and rectified it. Study observers registered, however, several other situations that involved 

potentially unsafe practices such as inadequate conditions for sterile intravenous infusion 

preparation or medication errors without direct or severe consequences for the patients.  

Researcher’s role 

Researchers are a part of the inherent reality they observe, which means that they should be 

aware of their preconceptions and reflexivity to produce valid results. Reflexivity has been 

described as researchers having an ongoing self-awareness process during the research process 

to ensure accuracy in analyzing the data [168]. The following are the reflections of the PhD 

candidate on this: I recognize the viewpoints and possible preconceptions I have brought with 

me. As a pharmacist by training, I am raised in a culture devoted to ensuring accuracy and 

punctuality. The nature of the pharmacist and nursing education have the fundamental 

difference that nurses are guided with providing care while pharmacists are guided with 

providing a correct answer whether it be the correct dosage or medication or control [169, 170]. 

Coming from a community pharmacy culture where dispensing errors are extremely rare and 

working around procedures is a seldom exception, to a culture where deviations are normalized, 

it was possible to make judgements on nurses’ adopting unsafe practices without reflecting over 

them being unsafe. In order to identify and rectify these potential preconceptions, I sought 

clarification from nursing staff about their typical work processes and their experience with the 

medication systems during convenient times in observation periods. Comments were included 

in field notes and aided in my understanding of nurses’ medication management on a typical 

day. 

Through observations, I gained a broader understanding for the nurses’ role in patient care. For 

instance, one late night during observation, at the end of the shift, the nurse tired from a long, 

intensive day, choose not to roll the medication cart in the patient rooms and refrained from 

scanning. The nurse had not had time to eat or drink herself during the whole shift but passed 

meals and drinks to patients with kindness and care. What struck me then, was that the nurse 

instead of finishing their shift and heading home, stayed, looked at the eMAR, deeply worried 

about a patient that was transferred to the surgery department, which was not their responsibility 

any longer. The nurse wondered whether the personnel at the surgery department would 

remember to stop the patient’s anticoagulation treatment prior to surgery, as this could 
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adversely lead to postoperative bleeding. That moment zoomed in on the nursing role and how 

it is caring for the individual, their quality of life, if they need an extra pillow or glass of water 

or covering them with a blanket when they seemed cold, to allow patients feel dignity even if 

very ill and hospitalized. I learned about the greatness of the nursing role and it being much 

larger than just “administering medications safe”. This understanding has early on softened the 

beliefs and preconceptions I had when starting my project and has led to drawing on some 

implications mentioned later in the thesis, that concern the overwhelming number of tasks 

nurses have in the medication management process. 

These personal reflections above indicate that pharmacists as health professionals are extremely 

engaged in accuracy and are therefore valuable to identify risky behavior. Yet, it might also 

mean that pharmacists are not the natural observer of nursing practice, because they might be 

criticizing without understanding what it takes to do the job. Nurses and pharmacists, along 

with human factors engineers, would be an ideal, symbiotic team for observing the safety of 

medication administration [99]. However, this combination is seldom described in the literature 

and the majority of scientific publications, opinions letters and safety initiatives on medication 

errors are signed by pharmacists. 
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4 Main findings 
The main findings will be presented separately for the three papers including a description of 

how the findings from the first paper contributed to forming later studies. 

4.1 Paper I Severe and fatal medication errors in hospitals 

Paper I aimed to describe the frequency, stage in the process, and type of medication-related 

incidents reported from Norwegian hospitals with emphasis on severe and fatal medication 

errors.  

In total, 3372 medication errors met the inclusion criteria. Errors occurred most frequently 

during medication administration (68%), followed by prescribing (24%), and 

dispensing/preparation (6%) stage of the medication management process. The most commonly 

reported error types were wrong dose errors (38%), omissions (23%), and wrong drug (15%). 

Nurses reported most incidents. More than half of all reported errors in 2016-2017 caused some 

grade of patient harm. 177 patients (5.2%) were severely harmed, and 27 patients had a fatal 

outcome after experiencing a medication error. Most severe errors occurred in the 

administration stage and most fatal errors were due to wrong dose errors. Table 7 exemplifies 

the richness of qualitative descriptions in the incident reports of one fatal and one severe case 

as an illustration of how this allowed further utilizing the data for in-depth analysis of the 

incidents in Paper II.
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Table 7 Examples of one severe and one fatal incident report from Norwegian Incident 

Reporting System. 

Incident information Incident description 

Error type: Wrong dose/  

Degree of harm: Severe 

Patient age (years): >65 

Medication process: 

Administration 

I.V. Solutions- Electrolytes  

A patient with hypocalcemia should have received 0.3 

mmol/kg of CaCl2 according to his weight of 100 kg. 

The junior doctor showed the doctor in charge how she 

had calculated the dose, i.e., 0.3 mmol/kg x 100 

kg=130 mmol. The doctor in charge did not spot the 

wrongly calculated dose of 130 mmol, instead of the 

correct 30 mmol.  

The patient became acutely ill, was moved to the 

intensive care unit, and received fluids to eliminate the 

calcium and continuous heart monitoring.  

Error type: Wrong route  

Degree of harm: Death 

Patient age (years): 0-17 

Medication process: 

Administration 

Antineoplastic agents and 

immunomodulating agents (L01-

L04) 

The patient was prescribed two drugs, methotrexate 

(intrathecal) and vincristine (intravenous). During 

administration, the vincristine syringe was mixed up 

with the methotrexate syringe and injected 

intrathecally. The error was intercepted after 25 

minutes but it was too late.  

The child died due to the consequences of the 

histotoxic drug. Vincristine was delivered in a syringe 

similar to methotrexate. 

 

 

Paper I highlighted that: 

• A substantial number of patients in Norwegian hospitals were harmed by preventable 

medication errors.  

• The error-prone medication administration stage needs to be further investigated to 

elaborate the reasons why 7 of 10 errors occurred in the administration stage. 

• There is an urgent need for error-prevention strategies for the whole medication 

management process, and specifically strategies aimed to reduce dosage errors and 

improve safety in the medication administration stage. 

The findings of Paper I contributed to forming the design of Paper II and Paper III. 
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4.2 Paper II: Medication dose calculation errors in hospitals 

In Paper I, dosage errors were identified as the most common and most harmful error type. 

These results pointed at error-prevention strategies aimed to reduce dosage errors and introduce 

safety barriers to prevent dosage errors to reach patients and cause harm. Medication dose 

calculation errors, as a subtype of dosage errors, were present in our data, however is not 

profoundly elaborated in the literature.  

The aim of Paper II was to investigate medication dose calculation errors and other numeracy 

mishaps and analyze their causal factors. 

The analysis comprised 100 medication calculation errors. One third of all errors affected 

children (<18 years), and 77% were associated with the parenteral administration route.  

One third of calculation errors were 10-fold or 100-fold errors, such as administering 10 mg of 

morphine instead of 1mg. 

Intravenous medications were used in more than half of the serious errors. Dilution of 

intravenous bolus injection of opiates was found to be specifically error prone.  

During prescribing, medication calculation errors occurred due to writing slips or 

misinterpretations. These errors were difficult to intercept since the clinicians’ orders are not 

routinely reviewed by another health professional, yet these errors were associated with harm. 

High-risk medications were associated with almost half of all numeracy errors, and besides 

opiates involved digoxin, insulin, methotrexate and others. 

Double checks, which are an error prevention strategy, seemed to provide false safeguard for 

nurses. We found that errors reached 28 patients, even though the dose was double-checked by 

another nurse. 

Errors during proportional dose calculations, unsatisfactory understanding of units, volumes 

and formulas for safe handling medications, have also contributed to errors. 

Paper II highlighted that: 

• There are major flaws in barriers to intercept errors in all stages of the medication 

management process. 

• Safety barriers either did not exist (prescribing) or were not efficient in preventing errors 

(administration: double checks, dilution of intravenous medications, programming 

infusion pumps). 
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• To avoid the most harmful calculation medication errors, health care organizations 

should aim to deliver high-risk medications labeled and “ready-to use” to hospital 

wards. 

• Measures at organizational, technological and educational level are required to assist 

health professionals in safe medication management and prevent future medication 

calculation errors. 
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4.3 Paper III: Barcode medication administration technology use in 

hospital practice 

Paper I called for investigating the safety of the medication administration stage since most 

errors that occurred in this stage reached the patient. These results pointed at the necessary for 

implementation of interventions to act as safety barriers within the medication management 

process. One intervention to improve safety and reduce errors is the barcode medication 

administration, which involves scanning of the barcode to quality-assure verification of the 

right medication for the right patient. This intervention was evaluated in Paper III.  

In Paper III, we aimed to gain understanding of how nurses use the BCMA technology during 

medication dispensing and administration by using the human factors analysis of the work 

system. The study involved observation of 44 nurses while administering medication to 213 

patients at two hospital wards. The results were categorized in accordance with the five 

elements of the work system. 

At a task level, we found that deviations with medications dispensed in the medication cart 

(dispensing) affected 6 of 10 patients, and deviations that occurred by the patient bed 

(administration) affected 7 of 10 patients. 

At an organizational level, most deviations occurred due to a complex dispensing process. The 

lack of standardized dispensed doses led to variations in how the medications were dispensed 

and placed in the medication cart. This caused policy deviations such as medications not 

dispensed in the medication cart, barcode label was missing, or the wrong dose of a medication 

was dispensed. During medication administration, organizational deviations occurred such as 

not scanning 29% of medications and 20% of patient ID wristbands.  

Although technology-related factors involved laptops not being charged before the 

administration started and borrowing of scanners across wards, the medication carts with 

laptops made the strongest impact to nurses’ workflow. The carts were bulky and difficult to 

maneuver in and out of patient rooms. The fact that the scanners were tethered (i.e., attached to 

the laptops with a cord) made the administration troublesome. 

The physical distance from medication room to patient rooms also seemed to affect medication 

safety because retrieving any missing medications was often postponed or collectively retrieved 

for several patients. These interruptions to the workflow occasionally resulted in omissions 
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when the nurse had to run back and forth to the medication room. The small patient drawer in 

the medication cart also led to dispensing omissions. 

Most nurses reported to be in favor of the automatic verification of medications and patients 

with the scanning technology, however they also reported that the technology overall slowed 

the administration and therefore refrained from scanning. 

Paper III revealed a number of reasons as to why the medication dispensing and administration 

process had many deviations. It was difficult for nurses to conduct the medication 

administration without deviating from policies, because the use of technology was incompatible 

with their workflow, and deviations stemming from medication dispensing affected 

administration. A wrong mediation dispensed by one nurse must be detected and rectified by 

another nurse during the administration round. Even with the many challenges with use, the 

technology did detect errors. In our study, scanning medications detected wrongly dispensed 

medications and prevented potential errors for 5% of patients. 

Paper III highlighted that: 

• Deviations from policies with use of BCMA technology were frequent and affected over 

half of all observed patients during medication dispensing and administration. 

• The observational tool used in the study was effective to detect a number of deviations.  

•  Deviations were caused due to unclear policies, a complex, semi manual-semi 

automatic dispensing process and with suboptimal technology design. 

• Monitoring the use of technology after implementation is important to identify system 

flaws, unsafe practices and to measure medication safety.
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5 Discussion 
The findings of this thesis highlighted that the current medication management process is 

characterized with a number of serious issues that may threaten both the safety and also positive 

outcomes of the process. Each step of the process, which encompasses prescribing, dispensing 

and administration in particular, needs various improvements and further study. 

In this thesis, we have elaborated on the lack of safety barriers in all stages of the medication 

management process, addressed at times inefficient existing safety barriers such as double 

checks, and investigated the potential of barcoding technology to improve medication safety.  

Findings of the three papers have allowed us to identify trends in unsafe practices associated 

with stages in the medication management process, error types or medications. Below, I discuss 

the main findings of the individual papers and methodological considerations, followed by a 

synthesis of the challenges in the medication management process.  

The reported errors suggested that it was unlikely for a once occurred medication error to be 

intercepted in the current medication management in hospitals, without system-oriented 

measures to prevent errors. The pillars of safe medication practices are to establish safeguards 

to prevent errors from reaching patients [6]. Since humans handle medications, errors are 

expected to occur. Therefore, the aim is not to prevent all errors from occurring, but to establish 

effective mechanisms that can prevent once occurred errors to reach the patient and cause harm. 

These mechanisms should be established in all stages of the medication management process 

and address specific tasks that are prone to errors, many of them identified in this thesis. 

5.1 Discussion of main findings of individual papers  

Paper I and II: Medication errors reported from Norwegian hospitals 

In the review of over 3000 medication errors reported from Norwegian hospitals we found that 

a substantial number of patients were harmed by medication errors. Although our findings 

showed higher rate of harmful events than other national reporting systems, the comparison is 

difficult because of the vague denominator and selection bias in incident reporting. 

Nevertheless, 177 patients were severely harmed, and 27 patients died in 2016 and 2017 after 

experiencing a medication error. These numbers are substantial considering that most of these 

errors could have been prevented. Some of the errors occurred in very ill and fragile patients 

and errors as such may, or may not, have been the actual cause of severe harm.  
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Medication errors in general, and specifically harmful errors, occurred most frequently in the 

administration stage. The administration stage is the last line of defense in medication 

management, thus errors that occur during administration are more likely to reach the patient 

[171]. Others have also found that error most frequently occurred during administration [16, 

33, 63, 64]. However, the administration stage is overrepresented in our data, i.e., 68% of all 

reported medication errors, whilst other studies found much higher percentage of prescribing 

errors than in our study [61, 62, 64]. Almost all tasks after the physician has prescribed a drug 

to the drug is taken are under nurses’ supervision, which makes errors difficult to prevent.  

The in-depth analysis of medication dose calculation errors in Paper II identified several weak 

points in the administration process that allowed for errors to occur. The administration of high-

risk medications, that pose a greater risk of medication errors than other types of medications 

[172], were associated with almost half of all medication dose calculation errors in Paper II. 

Miscalculation when withdrawing insulin, mixing-up milligrams and micrograms in digoxin 

tablets, and wrong dilution of intravenous opiates caused patient harm. Handling high-risk 

medications is known to be error-prone [173, 174] and has therefore resulted in specific 

measures, many of which are aimed to move the high-risk processes of preparing patient-

specific doses from the ward to the hospital pharmacy. Although we found that some 

individuals’ lack of knowledge about medications and conceptual understanding of volumes 

and units contributed to errors, the origin of these errors lies in the system that lack effective 

measures to intercept them. The established measures, double checks, appeared not only 

inefficient in detecting errors, but provided false security for the nurse, misleading them to 

believe that the checked dose was correct, when in fact it might for instance be a double-checked 

lethal 10-fold oxycodone overdosage. In Paper II, double checks were either omitted, or when 

adhered to, did not intercept the error. Although analyzing incident reports is not appropriate to 

establish the efficiency of double checks as such, others that used more reliable methods, such 

as observation of medication administration, also found that double checks were skipped [103]. 

Our findings and the literature indicate that double checks in many cases are regrettably not 

effective in preventing errors [104, 175]. Ready-to-use medications should therefore be 

provided so that nurses, when possible, are relieved from performing high-risk calculations. 

 Handling intravenous medications and infusion pumps were also associated with errors and 

harm but seemed to lack effective measures to ensure safe administration. A specific error type 

of diluting opiates for bolus administration resulted in errors due to the seemingly lack of 

understanding of the exact concentration after dilution. Taxis et al. evaluated intravenous 
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medication errors and found that most intravenous errors occurred when giving bolus doses 

[79]. Calculation tasks were also identified as a systemic cause to intravenous medication errors 

in a recent systematic review [176]. We found that errors occurred when performing sensitive 

tasks such as calculating doses and diluting medications whilst caring for patients. These 

findings illustrate that the complexity of tasks nurses have to manage at times were not 

compatible with safety culture principles. 

In the medication errors reported from Norwegian hospitals the prescribing stage was associated 

with 40% of severe and fatal errors (Paper I). When we evaluated causes for medication dose 

calculation errors, we found that the prescribing errors were due to communication issues and 

writing slips. Physician orders in Norwegian hospitals are not routinely verified by other health 

professionals, yet half of the dose calculation errors in Paper II were due to writing or typing 

slips. Although others have found that prescribing errors were more likely to be intercepted 

since the error occurred earlier in the process, 48% at the prescribing stage vs 0% at the 

administration stage [27], in our study there were no such barriers in place to detect prescribing 

errors. The fact that pharmacists in Norwegian hospitals do not check physicians’ orders, may 

partly explain the relatively high severe and fatal errors during prescribing in our study. 

In summary, harmful, yet preventable medication errors have occurred during the whole 

medication management process due to the apparently suboptimal safety environment and the 

lack of proper safeguards to prevent errors. Identifying the right task for the right health 

professional at the appropriate time during medication management should influence design of 

prevention strategies. Our findings based on nationally reported incidents calls for a debate of 

the need for a change in national hospital medication management policies. 

Paper III: Observation of Barcode medication administration 

Policy deviations with BCMA technology 

Observing nurses’ use of the BCMA technology provided an understanding of the many 

obstacles leading to deviation from medication dispensing and administration policies. The 

technology has introduced new tasks into the process of dispensing and administering 

medications in addition to already heavy workload. To compensate for this, nurses at times 

skipped some tasks which may have negatively impacted patient safety. For example, when one 

nurse deviated from the dispensing policy and did not dispense a medication in the medication 

cart, another nurse (during the medication administration) had to retrieve the medication and 

interrupt their workflow. This may be a potential threat to patient safety. Alternatively, when 
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the other nurse postponed retrieving the drug, it resulted in medication omissions, i.e., actual 

medication errors. 

The analysis of the work system elements allowed us to look deeper into policy deviations and 

their causes. The factors such as the complex dispensing process, lack of standardized doses, 

suboptimal technology design and undersized patient drawers have individually and 

collectively contributed to policy deviations and thus resulted in an obstructed workflow. 

Although the scanning rates in our study, 71% for medications and 80% for patients, were 

considerably lower than the 95% standard goal [177], and lower than rates provided in other 

studies [124, 178], the rate found in our study is mostly a reflection of the underlying causes as 

to why scanning was not used. Very few nurses voluntarily chose not to scan. The root of the 

problem was in the discrepancies stemming in the dispensing process or technological issues, 

which obstructed nurses in conducting intended tasks, including scanning. The bulky 

medication carts were difficult to maneuver, and tethered scanners limited flexibility when 

administering medications, which resulted in medications being scanned outside the patient 

room. These are by no means novel findings in the BCMA research. Bulky medication carts 

[128] and tethered scanners [155] have stood in the way for safe medication administration and 

led to deviations for others as well. In fact, our findings of how BCMA affected patient safety 

is in line with other studies, for instance low batteries on laptops, conflicting workflow 

efficiency vs. BCMA use [128], nurses scanning medications but not wristbands [124], and 

scanning barcodes that were not attached to medications [99]. In contrast, we identified 

additional types of deviations linked to manual tasks during dispensing that were not found in 

unit-based systems [124, 128, 179]. Moreover, we also observed that the more manual work 

that was done by nurses at the ward (printing, packing, labeling, preparing patient specific 

doses, mixing), the more deviations it resulted in. We quantified these deviations and found that 

they affected more than half of all observed patients during medication dispensing and 

administration. Although we have only observed two hospital wards, these are important 

findings that raise the question of whether BCMA should have been implemented if it is not 

used as intended half the time. On the other hand, when dispensed medications were prepacked 

single dose units, the administration workflow was smooth, fast, and with minimal deviations, 

highlighting the importance of more standardized doses delivered on ward.  

BCMA scanning detected dispensing errors and potentially prevented wrongly dispensed 

medication to reach patients. This indicates that the technology has potential to reach its overall 

aim - to improve patient safety. In order to achieve this safety aim, sustainable solutions are 
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needed in the, in my view, overly complicated dispensing process. It is therefore advisable to 

improve the technology design by for example introducing mobile solutions, and to aim for a 

better compliance between policy and workflow. 

Importance of evaluating the BCMA use over time 

Paper III demonstrated that implementing BCMA had both positive and negative consequences 

for patient safety. Therefore, monitoring and evaluation of the technology is important since it 

can identify safety gaps before they may present actual safety threats for patients. Future 

periodical observations of the technology use in the wards, similar to the method used in this 

study, can assist nurses and policy makers to identify workflow and system issues specific to 

the observed environment. Additionally, this could allow end-users to give feedback on the 

potential difficulties and to suggest what they consider important system and process 

improvements. In our study, in addition to policy deviations and understanding the interactions 

in the work system, the observers identified some issues with for instance invalid barcodes and 

a few system bugs that were reported back to the responsible IT staff at the hospital. Informal, 

confidential, and voluntary patient safety rounds are recommended as safety and quality 

improvement initiatives [3, 180]. One hospital that initially experienced difficulties with 

BCMA implementation, for instance introduced BCMA safety rounds twice each month and 

reviewed all observed issues in the BCMA committee [131]. Their observers also asked for 

feedback from end-users on any BCMA-related issues which improved satisfaction of the staff 

because they witnessed the implementation of improvements that they themselves requested. 

In our study, nurses’ acquaintance with the BCMA technology varied. Nurses who were more 

familiar with the functionality, intuitively understood the source of the problem during BCMA 

and thus what the solution would be. On the other hand, some nurses struggled to understand 

that medications which were not scanned during the dispensing process, could not be scanned 

during the administration process, which understandably resulted in some frustrations. The 

monitoring with soliciting end-users can also provide training in system functionality issues 

and build their confidence in using the BCMA [128, 131].  

I would agree that there is little value in comparing different systems and vendors, because the 

varying integration of information across systems might lead to organizations experiencing 

completely different problems. For example, a study similar to ours, that evaluated 

implementation of BCMA from a human factors perspective, found major issues related to the 

information flow of patients clinical information during BCMA use [155], while we found no 

such issues, and nurses were able to retrieve the lab values and patient history information 
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without obstructing their workflow. Therefore, postimplementation efforts should primarily 

focus on learning from the organizations’ own use of the technology, policy and workflow 

changes. That said, sharing experiences across institutions with similar systems and processes 

can also lead to improved knowledge and may be of great assistance and support to those 

hospitals that are still to introduce BCMA. 

The role of Human factors approach  

The success of the BCMA implementation has until now been demonstrated with the direct 

impact to patient safety, that is measuring reduction of error rates in before and after studies 

[119, 121, 132]. However, the advances of BCMA to patient safety in one setting cannot 

guarantee success in another setting. We, and a few others before us [99, 155, 181], argue from 

a human factors’ perspective that the influence of BCMA to safety is impacted by a change in 

the work processes. Therefore, the work system must be investigated in addition to measuring 

medication error rates.  

Accordingly, the human factors approach allowed us to investigate how organizational 

interventions change the nature of work and how workers adapt following that change [182]. 

Also, understanding the work system helped us to propose improvement measures. For 

example, we suggested improving the physical design of the technology by introducing a 

mobile BCMA device. But without understanding the organizational context in which this 

technology will be used, the tasks of the people that will use it, the physical environment in 

which it will be used and the need of other technologies to complete the task, the intervention 

might not be useful. Therefore, interventions that do not evaluate the whole work system before 

they are implemented, are unlikely to have a significant and sustainable impact on patient safety 

[151].
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5.2 Methodological considerations 

Incident Reporting (Paper I and II) 

When using incident reporting to describe errors, several points are essential to elaborate. 

Firstly, we are aware that the reported incidents present the top of the iceberg of all events that 

have occurred. Underreporting is a known limitation of incident reporting systems and numbers 

that are reported are likely to be an underestimation of error rates and harm [35, 75, 183]. With 

this in mind, in Paper II we focused on the qualitative descriptions to identify causal factors to 

errors. This allowed for detecting valuable patterns of unsafe practices that have resulted in 

patient harm. Secondly, it is possible that the administration stage in Paper I is overrepresented 

because nurses reported most incidents, and health professionals are likely to report incidents 

that involved themselves [184]. Also, in Norwegian hospitals, the tasks of dispensing and 

administering medicines are performed by nurses, which can mask the origin stage of the error 

in the incident report. Thirdly, subjective interpretation of the health professionals could have 

influenced the severity of harm. Assigning harm score by the reviewers from the Norwegian 

Directorate of Health is affected by interrater reliability. To address this, we graded the harm 

for all severe and fatal events in Paper I. For Paper II, two authors individually graded severity 

of harm and then discussed until we reached consensus. Despite these efforts, assigning harm 

score in the study has some uncertainty because incidents describe harm that was known when 

the event was reported. The final outcome for the patient may be unknown because incidents 

are usually reported shortly after they occurred [185, 186], and in our study within 24 hours. 

This limitation influenced our decision to strengthen the inclusion criteria and choose a more 

specific harm classification in Paper II. 

Paper I and Paper II involve all Norwegian hospitals that reported errors in the study period, 

which gives broad national overview compared to studies that have focused on specific 

hospitals [61] medications [33, 187] or patient groups [188]. However, the medication 

management process in Norwegian hospitals may differ from the medication management 

process in other countries, which limits the transferability of our findings to hospitals outside 

Norway. Also, our findings that refer to medication administrations documented on paper, such 

as errors due to unclear writing, might not be of importance for hospitals with electronic 

medication administration record.  

The focus of the study was on specific stages in medication management, mainly prescribing, 

dispensing /preparation and administration. Monitoring of medications after intake received 



Discussion 

60 

 

little attention, which could limit the transferability of our findings to other healthcare settings, 

for instance primary healthcare which has higher focus on monitoring.  

Although patient’s role in improving medication safety was not the focus in this body of work, 

the partnership of patients, relatives and health professionals should be acknowledged as an 

important aspect of improving patient safety [10, 12, 13, 189]. Patients have a role in detecting 

and preventing errors by being aware of the prescribed treatment, by being attentive and 

actively involved in their treatment [190]. 

Observation of medication administration (Paper III) 

To fully learn about the impact of interventions, both qualitative and quantitative approaches 

are needed. The mixed methods approach allowed us to measure and understand nurses’ BCMA 

use. Combining the quantitative and qualitative approach made it possible to measure policy 

deviations and understand their probable causes. Others have found it difficult to make a 

quantitative assessment of the frequency of workarounds, or policy deviations [155]. Our 

observational tool was effective in identifying deviations from work procedures that are not 

detected with other medication errors or adverse event detection methods, yet can produce latent 

conditions and have important implications to patient safety [191]. Although focusing on 

normal deviations is a strength, it is also a limitation because the study does not measure the 

direct effect of BCMA to patient safety.  

Despite every effort to minimize the observer bias, we acknowledge that the observers’ 

presence has influenced nurses’ behavior in some observations. We asked nurses to conduct 

medication administration tasks as they would in a typical day. Only a few nurses chose not to 

use the scanning at all during the whole medication round to demonstrate their typical behavior 

during medication administration. Other nurses admitted that they were using the technology 

because being observed. However, observers’ presence has not influenced nurses’ behavior 

during dispensing, since medications were dispensed in medication carts before observation 

start, usually by nurses from the previous shift.  

It can be challenging for a single researcher to conduct both the qualitative and quantitative 

research, especially if the two approaches are carried out concurrently. This might require more 

than one observer, and preferably observers with interprofessional background. Similar studies 

have been conducted in pair, typically a nurse and pharmacist [192], or a human factors engineer 

and a pharmacist [99]. However, more researchers in the field would have introduced other 

challenges. Nurses in the field could have experienced the researchers’ presence as more 
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intrusive which would have influenced their behavior to a greater extent. Our observers, 

pharmacists, provided clinical knowledge about the processes and medications, but not 

necessarily about nursing work. Our data were reviewed and discussed with an interprofessional 

team, including a nurse, who provided viewpoints about nursing work. We trained observers in 

the observation method to collect data regarding medications, procedures, technology and the 

environment. Early on, during the pilot study, we emphasized agreement between observers 

during data collection. After each completed observation day in the pilot study, the observers 

reviewed and discussed the manner in which they registered the data in the observation tool. 

These discussions increased the agreement between observers and reliability during data 

collection. However, we did not measure the interrater reliability between the two observers.  

Nurses’ comments included in the qualitative data, should be interpreted with caution as not all 

nurses were asked the same questions. They sporadically commented on their experience with 

using the BCMA technology. Although not systematically collected, nurses’ comments were 

valuable to gain a deeper understanding of the technology use on a typical day when observers 

are not present.  

There were also other human factors that were not measured because of the practical feasibility 

of the data registration. These include organizational factors such as interruptions, and 

medication administration for patients in isolation rooms, environmental factors such as light, 

that was frequently dimmed in patient rooms during evening observations, individual factors 

such as knowledge and experience of the observed nurse. Instead, we focused on factors in the 

medication management processes concerning the technology use that were relevant for 

patients and medication administrations in general.  

We have studied a specific dispensing and administration system integrated with barcode 

scanning. This might limit its generalizability because the data are related to the details of this 

particular context and most of the issues regarding to workflow and specific tasks during 

dispensing will relate to the observed context. However, the Human factors theoretical 

framework supported interpretation of findings across the five elements of the work system 

(tasks, organization, technology, environment, and person) that exist in almost any health-care 

institution. For example, findings that relate to the suboptimal technology design which limited 

nurse’s flexibility, the location of the medication room, the lack of standardized doses and the 

evaluation of the interactions of nurses and the BCMA technology. All of these can be useful 

in broader health care settings.
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5.3 Interpretation 

Below follows an overall interpretation of the three papers in this thesis. 

Medication errors  

We identified that safeguards were absent or failed to intercept errors in prescribing, dispensing 

and administration of the medication management process. Starting with prescribing, writing 

slips and severe overdosages due to miscommunication or wrong dose calculation were not 

possible to be intercepted in our study. In Norwegian hospitals, once physician orders are made, 

the medication is available for dispensing by nurses and is not checked by pharmacists. The 

possibilities to intercept the error is thus very low in such systems. Severe harm from 

prescribing errors has facilitated regulation changes in for instance the USA [180] and resulted 

in mandated medication order validation by pharmacists after physician ordering as the key 

safety activity to prevent prescribing errors [193]. Order validation is even more achievable 

with electronic prescribing that allows for a remote order validation, for example from the 

hospital pharmacy. However it requires pharmacy services round- the- clock, which are not the 

case in Norway. Further down the line in the medication management process, we found that 

dispensing and administration medication errors comprised over 70 % of all errors. Although 

dispensing and administration are two separate stages of the medication management process, 

they are difficult to discuss apart, because these stages are the sole responsibility of nurses, and 

sometimes even operated by the same individual. Additionally, managing medications is one 

of nurses’ many different tasks. In cases when double checks failed to prevent errors, there 

appeared to be no other error prevention mechanism in place. This emphasizes the wide 

responsibility and vast knowledge nurses must demonstrate to be able to handle medications 

safely. Our observations of the barcode medication administration technology use revealed that 

many steps were required to dispense and manually label a medication which resulted in a lack 

of standardized doses, and temporary “quick fixes” to save time. In addition to the dispensing 

process being complexed, there were few safeguards in place against errors that may occur 

during dispensing and preparation. We observed BCMA, a safety intervention aimed to prevent 

administration errors, however a number of deviations during dispensing stood in the way of 

achieving the full benefits of the technology to patient safety. Based on our findings and 

recommendations from medication safety and quality organizations [194-196] we advocate for 

strengthening the collaboration between hospital wards and the hospital pharmacy to leverage 

from a sharpened safety approach and knowledge about medications. This could for instance 

be that pharmacy personnel would prepare ready-to use doses of high-risk medications, 
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intravenous medications and provide patient specific dispensing to avoid deviations that 

conflict with patient safety. 

Achieving a culture of safety through medication safety regulation 

While the role of hospital pharmacy in providing safe and sustainable medication management 

is vital [197], the hospitals and hospital pharmacies are regulated by separate health enterprises 

which is not ideally set up for collaboration. In Norwegian hospitals, the hospital pharmacy 

does not have routine access to the patient health records and their working hours are only 

during daytime. Therefore, to systematically address quality assurance and safety of each stage 

in the medication management process, a nation-wide safety focus may well be required at the 

regulation and legislation level. At the European level, several recommendations on patient 

safety have been made [198]. One EU report from 2006 proposed best practices to prevent 

medication errors, which include: pharmacist review of prescriptions inclusive that pharmacists 

should have access to the patient’s medical record, a centralized preparation of injectable 

medications at the hospital pharmacy, unit dose drug dispensing - except for emergencies 

dispensing to individual patients from the hospital pharmacy, and dispensing of high-risk 

medications to clinical areas only in ready-to-use forms [13]. We argue that many medication 

errors and harm identified in this thesis could have been avoided if these measures had been 

implemented. One recent study that evaluated implementation of medication safety practices 

across hospitals in 11 European countries, found that successful implementation requires 

presence of safety culture and committed leadership [199]. The best way to improve medication 

safety is through the adoption of a culture of safety. It is the organizations’ job to allocate 

sufficient resources to establish safety teams and invest in technologies that have proven to 

improve medication safety [19], such as electronic medication administration record and 

barcode medication administration. In Norway, the health institutions themselves have the 

responsibility to learn from medication errors and implement necessary measures [200]. At the 

same time, few recommendations on how organizations should address this issue exist. Also, 

there seems to be a lack of an overall structural approach to safety in the medication 

management process. Consequentially, the competence and knowledge about methods for 

analyzing errors and their causes is apparently poor, while the number of medication errors 

needed to be analyzed and prevented are high. This thesis is therefore a valid contribution in 

providing evidence for understanding error producing conditions and the methods utilized to 

explore the causality. 
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The substantial number of patients harmed due to medication errors in hospitals make a strong 

case for taking further steps to tackle unsafe practices. It raises questions about the political 

interest, at the top level, in the topic of medication safety. To date, the responsibilities at the 

institutional level are unclear as to whom in particular should ensure that safe medication 

practices are followed, that new technologies are implemented and evaluate their use, that 

medication error data are collected and analyzed for risky practices. In other countries, where 

healthcare systems demonstrate commitment to safety, these tasks are conducted by health 

professionals solely dedicated to medication safety, often called ‘medication safety specialists’. 

Without an organizational culture that supports and promotes learning from errors, health 

professionals are unable to perform their work effectively and successfully utilize and 

technologies to reduce harm. 

Technology: implementation, evaluation, and monitoring 

Most health technology studies focus on patient safety as the only outcome. As a consequence, 

these studies often do not capture the contextual understanding behind the medication error 

rates they identify, although error rates usually reflect the local safety environment in a given 

organization. Additionally, studies that focused primarily on identifying medication errors have 

acknowledged that there is inconsistency in medication error rates across studies due to 

different definitions and error type inclusions [50, 51, 117]. This approach is valuable to 

establish status quo, however it lacks the improvement feature since error rates across studies 

can vary to a grade that makes them hardly useful. Unlike those studies, this thesis suggests a 

broader approach to medication safety research when technologies are applied. We focused on 

the impact technology has on work and the consequential effect on patient safety. By 

considering how technology transforms the work system and the work processes, organizations 

can better predict the outcomes that the technology might produce [201]. Accordingly, our 

study showed that health professionals often have to compensate for suboptimal conditions of 

work. While the hospital may be unaware of the consequences of this compensatory behavior, 

we found that it has resulted in both potential and actual medication errors. When implementing 

new technologies, organizations should expect new errors from incorrect or not intended use of 

the technology. It is advisable that while still in implementation stage, one should plan for how 

these expected errors may be captured in the monitoring stage. Others have used and advocated 

monitoring of technology use as necessary to identify challenges that will not be identified by 

other means of monitoring medication errors: incident reports, record review or analyzing 

scanning logs [202]. 
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The results in this thesis highlight the importance of systematically incorporating medication 

safety at an early architectural stage throughout the medication management process. The 

physical aspect of the medication room distance and undersized patient drawers in the 

medication cart, at times had direct impact to patient safety in our study.  

Technology implementation can be more successful if it is supported by the design of the work 

environment and work processes. Our findings demonstrated that when barcode scanning 

technology was introduced in the medication management process, it resulted in deviations 

from medication management policies because the use of technology was not properly adapted 

to the workflow. 
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5.4 Contribution to research field and clinical practice 

The Paper I and II in this thesis present the first national studies on medication errors in Norway. 

In April 2019, during the writing of Paper I, the Norwegian Incident Reporting System was 

closed by the Ministry of Health. This decision, made against international recommendations 

[13], has disabled a national overview of medication errors including possibility to learn from 

errors across healthcare institutions. Since then, incident reports are collected at a local or 

regional level in Norwegian hospitals. While other Nordic countries operate with well-

established national incident reporting systems [203, 204], the Ministry of Health in Norway 

argued that the Norwegian Incident Reporting System had not sufficiently contributed to 

improved patient safety in hospitals. One study that explored factors associated with successful 

implementation of medication error reporting systems from 16 countries found that 

implementing a reporting system without adequate analysis and feedback on reports did not 

support learning from events [205]. The publication of Paper I received media attention that 

resulted in series of interviews where I and my main supervisor (AGG) were interviewed by 

several national and local newspapers, radio channels, and pharmacy and nursing journals in 

Norway [206]. This reflects that the public and scientific environment has interest in learning 

from medication errors. Additionally, Paper I has been already been cited for the numbers of 

patients harmed in hospitals and was used to exemplify some specific incidents. Paper I and II 

may contribute to the debate on how to avoid preventable harm due to medication errors. Future 

national publications on medication errors are to some extent hindered without a national 

overview of medication errors. 

Medication dose calculation errors in clinical practice have to my knowledge not been defined 

or analyzed earlier. We have specifically aimed to address this literature gap by analyzing 

medication dose calculation errors and identified specific areas prone to errors such as preparing 

bolus doses, programming infusion pumps and harm associated with dose calculation errors for 

opiates.  

Current knowledge on implementing technological interventions in the medication safety 

process is approached by measuring medication errors rates. Few studies have quantified the 

deviations or workarounds during medication administration and elaborated their causes [124, 

128]. There is limited knowledge on research combining a process-oriented and human factors 

approach to investigate the medication management process. In addition to analyzing 

medication errors, this thesis provides new evidence to the existing human factors and 

medication safety research as well as addressing the practical challenges with implementing 
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technology aimed to improve safety in hospitals. In Paper III, we developed a novel, innovative, 

observational tool that allowed for the detection of unsafe practices and obstacles for using the 

technology during medication dispensing and administration. We argue that the implementation 

grade of the intervention relates to its capability to influence safety and reveals reasons to the 

obstacles that stand in way of success. The combination of the human factors framework and 

the observational tool have provided an in-depth understanding of hitches in the dispensing and 

administering process and provide guidance towards a more successful implementation of the 

barcode medication administration.  

By evaluating specific error types, stages in the medication management process, and 

interventions, this thesis proposes implications for a safer and more sustainable medication 

management process.
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5.5 Clinical implications and future perspectives 

• The findings of this thesis indicate that medication errors are not likely to be 

intercepted in the current medication management process in hospitals. Sustainable 

and evidence supported safe medication practices must be systematically engrained in 

each stage consisting of prescribing, dispensing/preparing and administering 

medication. 

• National regulation of medication safety and institutional safety culture is imperative 

to safeguard the medication management in hospitals. In order for medication safety to 

be systematically incorporated in the medication management process, decisions at a 

higher level are needed which involve requirement on personnel devoted to 

medication safety in each institution. Senior leadership is essential for building a 

safety culture, through promoting safety initiatives and allocating sufficient resources 

to support the work of safety teams. 

• Health care resources are limited, however considerable resources in hospitals are 

spent every day on double-checking procedures that have shown not to lead to 

improved patient safety. There is a need to re-organize the working process and 

establish proper, long-lasting safety measures. The number of double checks in the 

clinical areas should be minimized by centralized preparation of high-risk medications 

and injectables at the hospital pharmacy. 

• The effect of double checks should be evaluated through observational studies that 

distinguish between primed and independent double checks and measure their impact 

to detect medication errors.  

• Physicians, pharmacists, nurses, information technology and quality improvement 

staff members must collaborate closely if the medication management in the hospitals 

is to work optimally.  

• The human factors approach can be used to predict the deviations, the adaptive behavior 

of health professionals to overcome the obstacles in their work. This might support the 

understanding of the work processes and the impact deviations have on patient safety. 

• Changes in workflow and policies will result in new deviations. Therefore, when 

implementing improvement interventions, such as the barcode medication 

administration, the evaluation must be ongoing. 
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• The observational tool developed in this study could be utilized to investigate the 

challenges associated with technology implementation and capture the causal 

perspective, either for research, or for routine clinical purposes. 

• Implementation of a technology is a process that unfolds over time and should be 

studied over many years to understand how humans, polices, tasks, and organizations 

are affected with the introduction of the technology. Longitudinal qualitative studies, 

for example focus groups of end-users could contribute to understanding the 

challenges and safety culture on ward, including the nurses’ perspectives on 

redesigning the technologies. 
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Box 1 

5 interventions for consideration to improve safety in the medication management 

process 

1. Pharmacist validation of medication orders in hospitals 

• Allow pharmacists access to the patient electronic medical record. 

• Mandate medication order review to prevent prescribing errors.  

2. Limit the number of high-risk procedures on hospital wards 

• Dispense high-risk medications and injectables in ready- to-use or ready-to-

administer forms to prevent the most harmful errors. 

3. Standardize the dispensing process 

• Unit-dose dispensing – provide more standardized doses. 

• Minimize manual tasks during dispensing (patient specific doses should be 

dispensed ready-to-use by the hospital pharmacy to avoid medication dose 

calculation errors). 

• Enforce manufacturer barcoding on primary packaging or automated dispensing. 

4. Support monitoring of implemented technologies 

• Periodical observation of medication administration to identify risky behavior or 

suboptimal design before it causes errors and patient harm. 

5. Establish safety culture within organizations 

• Establish error reduction initiatives (routine analysis of incident reports, evaluating 

of the safety of processes and procedures, follow up on deviations from policies, 

actively promote safety). 

• Introduce medication safety specialists in each hospital. 

• Increase knowledge on safety initiatives in institutions to allow for a system-

oriented management of processes and practice. 

• Reintroduce a national reporting system to support learning from medication errors 

across regions and institutions. 
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6 Conclusion 
This thesis has studied safety in the medication management process in hospitals through 

analyzing medication errors reported from hospitals and observing medication administration 

rounds. Errors in the medication management process were elaborated through causal 

perspectives, interactions in the working environment and safety culture.  

Through analyzing medication errors, we found that a substantial number of patients were 

harmed by preventable events. Although high-risk medications were associated with the most 

harm, severe harm also occurred from non-potent medications due to erroneous handling and 

unsafe practices. Medication errors most frequently occurred during the administration stage, 

and most commonly involved dosing errors. In our in-depth analysis of medication dose 

calculation errors, we found that specific tasks during medication management seemed to be 

error-prone, such as writing or typing slips during prescribing, calculating medication doses, 

programming infusion pumps, mixing-up bolus injections and handling high-risk medications. 

The medication management process appeared to lack safeguards to intercept errors in all stages 

and raised the need for sustainable and structural measures to reduce harm from medication 

errors. 

Furthermore, this thesis opens up new perspectives for detecting and preventing medication 

errors and emphasizes the role of “normal” deviations in creating error-producing conditions. 

Registering the use of barcode medication administration with our observational tool allowed 

for an in-depth understanding of how the technology is used and how it affected safety. We 

have identified a lack of consistency in performing tasks during dispensing that resulted in 

workarounds during medication administration. Deviations from medication management 

policies occurred in over half of all observations and conflicted with patient safety. The human 

factors approach allowed for a process-oriented analysis of how the technology altered nurses 

work by analyzing deviations from policies and their causes. The issues with technology design, 

unclear policies and lack of standardized dispensed doses suggest the need to adopt the 

processes to nurses’ workflow.  

The barcode medication administration prevented medication errors even in suboptimal 

working conditions. However, without systematic monitoring of the technology use, through 

observation of medication rounds and analyzing events associated to failed use, hospitals will 

fail to achieve the full benefits of BCMA to patient safety. Therefore, organizations need to 
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welcome technologies in a prospective manner and implement these while predicting how to 

avoid undesired consequences from technology.  

With the currently ongoing emphasis on digitalization in healthcare, and the concurrent 

numbers of patients harmed due to medication errors in hospitals, this body of work is a timely 

reminder of the need to focus on safety in all stages along the medication management process. 

Future interventions should focus on increasing knowledge on medication safety, measuring 

errors and adverse drug events, analyzing incident data, and strengthening a safety culture 

within organizations.
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Side 1 av 2 
 

Spørsmål til deg som skal starte opp et masterprosjekt / 

videreutdanningsprosjekt 

 
Fyll ut skjema og send det til forskningsavdelingen@        . Du vil i løpet av kort tid få beskjed om du 

må søke tilrådning fra sykehusets personvernombud.  

Ditt navn: Alma Mulac (stipendiat)  

 
Er du ansatt ved Sykehuset Østfold?: 

☐Ja 

☒Nei 

Hvis «Ja», ved hvilken avdeling? Klikk her for å skrive inn tekst. 

 
Utdanningsinstitusjon: Universitet i Oslo, Farmasøytisk institutt 

Er det søkt om tilrådning fra personvernombudet ved utdanningsinstitusjon? 

☐Ja 

☒Nei 
 

Dersom ja: Ble det gitt? 

☐Ja 

☐Nei 

 
Hva er formålet med prosjektet: Observere helsepersonell (sykepleiere, leger, farmasøyter) som 
tilbereder og gir (administerer) legemidler til pasienter. Prosjektet har systemfokus og studerer 
hvordan man bruker scanning av strekkoder på legemidlene i en såkalt «Lukket legemiddelsløyfe», og 
om man avviker fra sykehusets rutiner for legemiddelhåndtering (feil og avvik). 

 
Hvilken avdeling skal du ha data fra? 

Vennligst spesifiser: Hjerte døgn  

Hvem inkluderes? (Kryss av) 

☒Ansatte 

☐Pasienter 

☐Andre 

Hvis «Andre» vennligst utdyp: Klikk her for å skrive inn tekst. 

mailto:forskningsavdelingen@so-hf.no


Side 2 av 2 
 

Hva slags data skal samles inn (f.eks. helseopplysninger, lydfiler, bilde, videopptak, andre 
variabler)? Opplysninger om hvordan helsepersonell/sykepleier tilbereder og administrerer 
legemidler til pasienter i henhold til prosedyrer for håndtering og bruk av Lukket legemiddelsløyfe. I 
et nettskjema registreres følgende: Observatørens navn, dato/klokkeslett, avdeling, Løpenummer for 
pasient og ansatt (1,2,3 osv – ikke sporbart), samt om prosedyrer følges: Sjekker elektronisk 
pasientjournal mot pasientens navn, armbånd, legemiddelnavn, dose, styrke, skanner legemiddelet, 
skanner armbånd, forteller pasienten hvilket legemiddel de får, om legemiddelet er godt merket, 
allergier o.l., forteller om bivirkninger, dokumenterer i den elektroniske pasientjournalen at 
legemidlene er gitt. Eventuelle avvik som observeres.) Se ev. nettskjema (på engelsk) 
https://nettskjema.no/a/118386#/page/1   

Hvordan skal data samles inn? (Kryss av) 

☐Intervju 

☐Standard spørreskjema (f.eks. QoL) 

☐Uttrekk av pasientdata fra Sykehuset Østfolds  kliniske systemer 

☒Annen måte 

Hvis «Annen måte» vennligst utdyp:  Studenten observerer legemiddelhåndtering ved å skygge en 
sykepleier/helsepersonell.  

Hvordan skal data lagres? (Kryss av) 

☐Papir / elektronisk teleform 

☐Lydfil/Bilde/Videofil 

☒Annen måte 

Hvis «Annen måte» vennligst utdyp: Basert på observasjonene føres data direkte inn i nettskjemaet 
som lagres på server ved Universitetet i Oslo. Ingen opplysninger om pasienten registreres. 

Hvilke tekniske og fysiske tiltak sikrer personopplysningene 

☐Data lagres avidentifisert (m/koblingsnøkkel)  

☒Data lagres anonymt (informasjon som ikke på noe vis kan identifisere enkeltpersoner i et 
datamateriale, direkte gjennom navn eller personnummer, indirekte gjennom bakgrunnsvariabler, 
eller gjennom navneliste/koblingsnøkkel eller krypteringsformel og kode) 

☐Data lagres indirekte identifiserbart (lyd/bilde/video, få inkluderte per variabel) 

☐Annen måte 

Hvis «Annen måte» vennligst utdyp: Klikk her for å skrive inn tekst. 
 

Dato / Sted:    Signatur: 

[signature removed]
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 FORESPØRSEL OM DELTAKELSE I FORSKNINGSPROSJEKTET  

OBSERVASJONSSTUDIE: LEGEMIDDELHÅNDTERING I LUKKET 

LEGEMIDDELSLØYFE 
Det er kjent at legemiddelhåndtering i utdelingsfasen er et risikoområde og det er derfor behov for større 

fokus og kunnskap om hvordan man kan forbedre pasientsikkerhet i denne fasen. Det er per i dag for liten 

forståelse om hvordan prosessen fungerer for helsepersonell og pasienter. Vi ønsker spesielt å studere 

hvordan lukket legemiddelsløyfe påvirker legemiddelhåndtering på sykehus. Vi håper at denne studien bidrar 

til å forbedre arbeidsmetoder og få bedret pasientsikkerhet.  

Forskningsprosjektet er et samarbeid mellom Sykehuset Østfold, Sykehusapotekene og Universitetet i Oslo. 

Studien gjennomføres i perioden høsten 2019 og våren 2020. 

HVA INNEBÆRER PROSJEKTET? 

Du som helsepersonell (sykepleier) vil bli observert ved tilberedning og administrering (utdeling) av 

legemidler av en farmasøyt eller en farmasistudent. Studiens fokus er hvordan helsepersonell/sykepleier 

administrerer legemidler til pasienter i henhold til prosedyrer for håndtering og bruk av lukket 

legemiddelsløyfe. Observatøren er ikke deltakende på noen måte, og skal ikke forstyrre de daglige rutinene 

på avdelingen. Observasjonene medfører ingen ekstra tidsbruk for helsepersonell. 

HVORDAN REGISTRERES DATA 

Observasjoner registreres på et elektronisk skjema på nettbrett. Det registreres ikke opplysninger om 

pasienter eller helsepersonell, kun informasjon om prosessen ved utdeling av legemidler. Hvis vi observerer 

avvik som kan gi betydelig pasientskade, vil vi si ifra til sykepleier. 

FRIVILLIG DELTAKELSE  

Det er frivillig å delta i prosjektet. Dersom du ønsker å delta, undertegner du samtykkeerklæringen. Du kan 

når som helst og uten å oppgi noen grunn trekke ditt samtykke på selve observasjonsdagen. Dersom du har 

spørsmål til prosjektet, kan du kontakte stipendiat Alma Mulac, telefon: 48 33 74 27, 

 e-post: alma.mulac@farmasi.uio.no 

GODKJENNING 
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personvernombud siden det kun samles anonyme data. 
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ABSTRACT
Background Even with global efforts to prevent 
medication errors, they still occur and cause patient 
harm. Little systematic research has been done in 
Norway to address this issue.
Objectives To describe the frequency, stage and 
types of medication errors in Norwegian hospitals, with 
emphasis on the most severe and fatal medication errors.
Methods Medication errors reported in 2016 and 2017 
(n=3557) were obtained from the Norwegian Incident 
Reporting System, based on reports from 64 hospitals 
in 2016 and 55 in 2017. Reports contained categorical 
data (eg, patient age, incident date) and free text data 
describing the incident. The errors were classified by 
error type, stage in the medication process, therapeutic 
area and degree of harm, using a modified version of 
the WHO Conceptual Framework for the International 
Classification for Patient Safety.
Results Overall, 3372 reports were included in 
the study. Most medication errors occurred during 
administration (68%) and prescribing (24%). The leading 
types of errors were dosing errors (38%), omissions 
(23%) and wrong drug (15%). The therapeutic areas 
most commonly involved were analgesics, antibacterials 
and antithrombotics. Over half of all errors were harmful 
(62%), of which 5.2% caused severe harm, and 0.8% 
were fatal.
Conclusions Medication errors most commonly 
occurred during medication administration. Dosing 
errors were the most common error type. The substantial 
number of severe and fatal errors causing preventable 
patient harm and death emphasises an urgent need 
for error- prevention strategies. Additional studies and 
interventions should further investigate the error- prone 
medication administration stage in hospitals and explore 
the dynamics of severe incidents.

INTRODUCTION
Medication errors are recognised as a major 
patient safety problem. WHO has a goal of glob-
ally reducing avoidable harm related to medi-
cations by 50%, by 2022.1 2 Medication errors 
occur in all stages of the medication management 
process3 and may lead to patient harm, prolonged 
hospital stay, readmission or death.4 Based on 
data from error reporting systems, most medi-
cation errors occur in the administration stage, 
and the most common types of errors are wrong 
dosage errors.5 6

Measures to improve medication safety in 
hospitals have been taken, such as implementing 
computerised prescriber order entry, electronic 

medication administration record, bar code medi-
cation administration, automated dispensing 
devices and other clinical decision support 
systems.7 Despite such measures, medication 
errors still occur and cause significant patient 
harm and even death.4 5

There have been numerous case reports and 
media stories on medication errors in Norwegian 
hospitals,8 9 but little systematic research on medi-
cation errors has been done. A National Patient 
Safety Program was established in 2014, but medi-
cation errors were not among the target areas to 
improve patient safety.10 To be able to monitor 
safety in the medication management process, 
identify unsafe practice and implement safety 
measures, one has to learn from errors.4 The aim 
of this study is to describe the frequency, stage and 
error types, as well as analyse the harm caused by 
the medication errors reported to the mandatory 
Norwegian Incident Reporting System (NIRS).

METHODS

Study design and data source
This was a retrospective study of medication 
errors reported to the NIRS, from 1 January 
2016 to 31 December 2017. The NIRS, placed 
under the Norwegian Directorate of Health, was 
a mandatory, anonymous, electronic, reporting 
and learning system of incident reports from 
all hospitals across Norway. In the 2- year study 
period, 64 hospitals in 2016 and 55 hospitals in 
2017 reported errors. The NIRS received approx-
imately 10 000 incident reports yearly, of which 
about 20% were medication errors. The most 
frequently reported incident categories were clin-
ical procedures, medication errors and patient 
accidents.

Data collection and processing
Incident reports consisted of categorical data 
(eg, patient age, incident date, day of the week, 
etc) and free- text data (eg, incident description, 
description of the cause, patient consequences, 
prevention measures, caseworker’s comments, 
etc). Some reports were short, whereas others had 
detailed free- text descriptions of the incidents. We 
thoroughly read all the reports. Employees (case-
workers) at the NIRS had classified two- thirds of 
the reports by error type and stage in the medica-
tion process in which the error occurred, we clas-
sified the remaining one- third of the reports. The 
classification system was a modified version of 
the Conceptual Framework for the International 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

http://www.eahp.eu/
http://ejhp.bmj.com/
http://orcid.org/0000-0001-9463-997X
http://crossmark.crossref.org/dialog/?doi=10.1136/ejhpharm-2020-002298&domain=pdf&date_stamp=2021-10-08
http://ejhp.bmj.com/
http://ejhp.bmj.com/
http://ejhp.bmj.com/
http://ejhp.bmj.com/
http://ejhp.bmj.com/


e57Mulac A, et al. Eur J Hosp Pharm 2021;28:e56–e61. doi:10.1136/ejhpharm-2020-002298

Original research

Figure 1 Inclusion and exclusion of reported incidents to the Norwegian 

Incident Reporting System in 2016 and 2017.

Classification for Patient Safety (WHO).11 The error types 
were as follows: wrong patient, wrong drug, wrong dose/
strength or frequency, wrong route, wrong dispensing label 
or instruction, wrong storage, contraindication, omitted medi-
cine or dose and adverse drug reaction. The stages in the 
medication process were as follows: prescribing (as well as 
transcribing, documenting and reconciliation failure), prepa-
ration/dispensing, administration and storage. The drugs 
involved in the errors were not dedicated to a specific field 
in the reporting form. However, when possible, we extracted 
the drug name and the therapeutic area at Anatomical Ther-
apeutic Chemical (ATC) level 2.12 The statistical analysis was 
performed with IBM SPSS V.25.

Definitions and exclusion/inclusion process
We defined a medication error according to the National 
Coordinating Council for Medication Error Reporting and 
Prevention as ‘any preventable event that may cause or lead to 
inappropriate medication use or patient harm while the medi-
cation is in the control of the healthcare professional, patient 
or consumer’.13

Based on this definition, we excluded incident reports of 
suicide events and intentional overdoses, side effects or adverse 
drug reactions that occurred as a result of an appropriate 
medication process, as well as reports which were not from 
a hospital setting. We included adverse drug reactions caused 
by medication errors (eg, administering drugs to patients with 
known allergies). Both harmful errors and those not causing 
patient harm were included.

The degree of harm was classified according to the following 
five- point scale11: (1) no harm: an incident had the poten-
tial to cause harm, but was prevented (near miss) or ran to 
completion, but no harm occurred; (2) low harm: a patient 
required extra observation or minor treatment; (3) moderate 
harm: significant, but no permanent harm, where the patient 
required treatment measures; (4) severe harm: significant 
treatment/harm that required surgery, transfer to an intensive 
care unit, a prolonged hospital stay or permanent harm and 
(5) death: the error may have contributed to or resulted in a 
patient’s death. Incident reports with insufficient information 
to classify the degree of harm were coded as missing.

Understanding the context of the data
The data on medication errors provided a rich description of 
a large variety of medication errors from health personnel. 
For us, it was important to gain a broader understanding of 
the research questions, the nature of the reported incidents 
and the setting where they occurred. We therefore held 
several meetings with the NIRS employees who gave valuable 
insight into the classification of errors. We performed field-
work observations of medication preparation, dispensing and 
administration, in two hospital wards by shadowing nurses 
on medication rounds. We also performed a semi- structured 
interview with two employees devoted to quality of care in 
the hospital.

RESULTS
In total, 3557 medication errors were reported from Norwegian 
hospitals to the NIRS. Of these, 185 were excluded because they 
were side effects or adverse drug reactions, not from a hospital 
setting, not medication- related, intentional overdoses or dupli-
cates (figure 1). The 3372 medication error incidents that met 
the inclusion criteria are shown in table 1. Errors were classi-
fied as originating in the administration stage (68%), prescribing 
stage (24%) or preparation/dispensing stage (6%) of the medi-
cation process. The most commonly reported error types were 
wrong dose/strength or frequency (38%), omissions (23%) and 
wrong drug (15%) (table 1).

In total, 39% (988/2544) of the errors in the administration 
stage were due to wrong dose/strength/frequency errors (further 
in the text referred to as wrong dose errors) (online supple-
mentary appendix A). Within the prescribing stage, wrong dose 
errors account for 46% (410/888) of errors.

Patient age ranged from 0 to 112 years. The majority of 
patients who experienced medication errors were aged over 65 
years (50.8%), while there were 266 children (<18 years) who 
experienced medication errors (figure 2). The majority of severe 
and fatal errors were reported for patients aged over 65 years 
(59%).

In the reported errors, 62% caused patient harm, of which 
5.2% caused severe harm and 0.8% were fatal errors (n=27) 
(table 2). Most of the fatal errors were due to wrong dose errors, 
while the most severe harm errors were due to medication omis-
sions (table 2).

The majority of errors were reported by nurses (62%) and 
physicians (11%). However, 42% of severe and fatal errors 
were reported by physicians, with only 25% reported by nurses 
(table 2).

The therapeutic areas (ATC level 2) most frequently involved 
in errors were analgesics (N02), antibacterials for systemic use 
(J01) and antithrombotic agents (B01) (online supplementary 
appendix B). Medications most commonly associated with 
death were analgesics and antithrombotic agents. Antithrom-
botic agents were most commonly associated with severe harm, 
including 25% of all fatal errors, making it the most harmful 
therapeutic area in the reported incidents (online supplementary 
appendix B).

Table 3 exemplifies the richness of qualitative descriptions in 
the incident reports of five severe and three fatal cases, with the 
assigned medication process stage, error type and therapeutic 
area all specified.

DISCUSSION
Our data share similarities with the published literature, including 
the error type, stage of the medication process and therapeutic 
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Table 1 Medication error characteristics

Characteristic N %

Year of reporting

2016 1780 53.4

2017 1572 46.6

Total 3372 100.0

Medication process stage*

Administration 2544 67.8

Prescribing 888 23.7

Preparation/Dispensing 231 6.2

Storage 87 2.3

Error type*

Wrong dose/strength or frequency (total) 1354 37.5

Omitted medicine or dose 836 23.2

Wrong drug 548 15.2

Wrong route 198 5.5

Contraindication 191 5.3

Wrong patient 186 5.2

Wrong formulation or presentation 94 2.6

Adverse drug reaction 77 2.1

Wrong dispensing label/instruction 66 1.8

Wrong storage 60 1.7

Reported by

Nurse 2103 62.4

Physician 385 11.4

Other staff 169 5.0

Leader 71 2.1

Bioengineer/Engineer 43 1.3

Midwife 37 1.1

Missing 564 16.7

  Total 3372 100.0

Patient age (years)

0–9 184 5.5

10–19 101 3.0

20–29 183 5.4

30–39 202 6.0

40–49 240 7.1

50–59 342 10.1

60–69 559 16.6

70–79 734 21.8

80–89 524 15.5

90–112 180 5.3

Missing 123 3.6

Total 3372 100.0

Degree of harm

No harm 1272 37.7

Low harm 1277 37.9

Moderate harm 538 16.0

Severe harm 177 5.2

Death 27 0.8

Missing 81 2.4

Total 3372 100.0

*The total number of error types and medication process stages was greater than the 
number of incidents because the classification system permitted more than one category to 
be selected for one incident.

Figure 2 Distribution of medication errors in the paediatric patients 

reported to the Norwegian Incident Reporting System in 2016 and 2017.

Table 2 Severe harm and fatal reports from the Norwegian Incident 
Reporting System in 2016 and 2017

All reported 

errors n (%) Severe n (%) Death n (%)

Total number of errors 3372 177 (5.2) 27 (0.8)

Error type*

  Wrong dose/strength or 
frequency

1354 (37.5) 47 (27) 13 (48)

  Omitted medicine or dose 836 (23.2) 57 (32)   6 (22)

  Adverse drug reaction 77 (2.1) 24 (13.6)   3 (11)

  Wrong drug 548 (15.2) 20 (11.3)   1 (3.7)

  Wrong route 198 (5.5) 10 (5.6)   1 (3.7)

  Contraindication 191 (5.3) 24 (13.6)   4 (14.8)

  Other 406 (11.3) 14 (7.9)   0 (N/A)

Medication process stage*

  Administration 2544 (68) 96 (54) 16 (59.3)

  Prescribing 888 (23.7) 70 (39.5) 11 (40.7)

  Other 118 (8.5) 11 (6.5)   0(N/A)

Health professionals 
reporting

  Nurse 2103 (62.4) 48 (27.0)   3 (11.0)

  Physician 385 (11.4) 70 (40.0) 16 (59.0)

  Other health professionals 884 (26.0) 59 (33.0)   8 (29.0)

Patient age (years)   

  0–17 266 10 1

  18–65 1283 63 5

  >65 1698 100 21

  Missing 125 4 0

*The total number of error types and medication process stages was greater than 
the number of incidents because the classification system permitted more than one 
category to be selected for one incident.

area involved in errors.3 5 In contrast to other incident reporting 
systems, we found a large proportion of harmful errors (62%) 
and a substantial number of errors associated with severe harm 
and death. This provides unique data to discuss error preventing 
strategies to target the most harmful medication errors, which 
are likely to have the highest impact on patient safety.14

Medication process stage and error type
Two- thirds of the reported errors occurred in the administra-
tion stage, and in line with other studies, the majority of severe 
and fatal errors occurred at this stage.3 6 15 16 The administration 
stage represents the last step in the medication process before the 
patient receives the drug, and therefore errors are less likely to be 
detected and intercepted by other health professionals.17 However, 
some studies, particularly from the USA, have found errors in the 
prescribing stage to be the most commonly reported.5 This contrast 
to our findings could be due to the high implementation grade 
of technologies in the USA to prevent administration errors, for 
example, bar code medication administration.7

Wrong dose was the most common error type in our study, 
accounting for 38% of all errors. One systematic review of medi-
cation administration errors found similar results,15 as did a review 

M
edisinsk Bibliotek. Protected by copyright.

 on D
ecem

ber 10, 2021 at O
slo U

niversitetssykehus H
F,

http://ejhp.bm
j.com

/
Eur J H

osp Pharm
: first published as 10.1136/ejhpharm

-2020-002298 on 23 June 2020. D
ow

nloaded from
 

http://ejhp.bmj.com/


e59Mulac A, et al. Eur J Hosp Pharm 2021;28:e56–e61. doi:10.1136/ejhpharm-2020-002298

Original research

Table 3 Incident description of severe harm and fatal errors reported to the Norwegian Incident Reporting System in 2016 and 2017, with the 
assigned medication process stage, error type and therapeutic subgroup

Incident information Incident description

Error type: contraindication
Degree of harm: severe
Patient age (years): 18–65
Medication process: administration
Antithrombotic agents (B01)

A patient received his usual antithrombotic (apixaban) prior to surgery, although a contraindication existed. After surgery, the patient 
experienced bleeding in the throat and underwent another surgery to stop the bleeding.

Error type: wrong dose/strength/
frequency
Degree of harm: severe
Patient age (years): 18–65
Medication process: administration
Analgesics (N02)

A patient has received 50 mg oxycodone, but was initially prescribed 5 mg. The 10- fold dose was incorrectly transcribed from the 
previous record in the commentary field, while the prescription was correct.
The patient became drowsy and experienced apnoea episodes up to 30 s over several hours. The patient received naloxone antidote to 
reverse the opiate effect.

Error type: wrong dose/strength/
frequency
Degree of harm: severe
Patient age (years): >65
Medication process: administration
Intravenous solutions: electrolytes

A patient with hypocalcaemia should have recieved 0.3 mmol/kg of CaCl according to his weight of 100 kg. The junior doctor showed 
the doctor in charge how she had calculated the dose, ie, 0.3 mmol/kg×100 kg=130 mmol. The doctor in charge did not spot the 
wrongly calculated dose of 130 mmol, instead of the correct 30 mmol.
The patient became acutely ill, was moved to the intensive care unit and was given fluids to eliminate the calcium and continuous heart 
monitoring.

Error type: wrong storage
Degree of harm: severe
Patient age (years): 18–65
Medication process: administration
Therapeutic subgroup: missing

The patient was readmitted to the hospital 3 days after discharge, with a stomach ache. The CT scan revealed a foreign object in the 
small intestine. The next day, the patient had a tablet of an intact blister pack surgically removed from the small intestine; there was 
a rupture and suture of two areas within the damaged intestinal wall. The blister pack had not been removed when the tablet was 
administered/ingested.

Error type: wrong drug
Degree of harm: severe
Patient age (years): 18–65
Medication process: prescribing
Psycholeptics (N05)

The physician prescribed olanzapine even though the patient’s medical record stated a severe reaction to this type of neuroleptics, and 
that he should only receive quetiapine or clozapine. The patient developed the neuroleptic malignant syndrome, was in a life- threatening 
state and was hospitalised for several weeks with intensive monitoring.

Error type: wrong route
Degree of harm: death
Patient age (years): 0–17
Medication process: administration
Antineoplastic agents and 
immunomodulating agents (L01–L04)

The patient was prescribed two drugs, methotrexate (intrathecal) and vincristine (intravenous). During administration, the vincristine 
syringe was mixed up with the methotrexate syringe, and injected intrathecally. The error was intercepted after 25 min but it was too 
late.
The child died due to the consequences of the histotoxic drug. Vincristine was delivered in a syringe similar to methotrexate.
This was a well- known error and risk in hospitals.

Error type: omitted medicine or dose
Degree of harm: death
Patient age (years): 18–65
Medication process: prescribing
Antithrombotic agents (B01)

The patient had knee surgery previously and was discharged. The patient was readmitted to the hospital in a critical state. Tests showed 
multiple bilateral pulmonary embolisms.
The patient was very obese and no thrombosis prophylaxis was stated on his discharge report. The patient died.

Error type: wrong dose/strength/
frequency
Degree of harm: death
Patient age (years): >65
Medication process: prescribing
Antibacterials for systemic use (J01)

A patient with renal failure was to be prescribed vancomycin. The physician prescribed 3 g, while the nurse responded that the dose 
seemed very high. The physician however confirmed that the dose should be given.
The patient died the day after the 3 g dose was administered.

of prescribing errors in hospitals, which found that dosage errors 
were most commonly reported by a majority of studies.18 In our 
study, wrong dose errors were the error type associated with the 
highest severity of harm. Every fourth severe harm error and half 
of the fatal errors were dosage errors.

An interesting finding is that 73% of the dosing errors occurred 
during administration. One would normally expect the wrong dose 
errors to stem from the prescribing/preparation/dispensing stage. 
However, as the preparation, dispensing and administration are 
(usually) nurse’s tasks in Norwegian hospitals, it is possible that these 
processes are taking place simultaneously (eg, in the patient’s room), 
especially with intravenous medications (preparing and dispensing 
while administrating shortly after), and hence are all reported as 
administration errors. One study that compared medication errors 
from the UK (wrong dose—the most common error type) and USA 
(omission—the most common error type) incident reporting systems 
described the difference in the frequency of dosing errors as a reflec-
tion of the two countries’ different medication management prac-
tices.5 A plausible explanation could be that in the USA, pharmacists 

typically prepare and dispense unit doses, whereas in the UK, and 
Norway, those tasks are performed by nurses at the wards. More 
training and knowledge in handling drugs should be provided to 
nurses, as they are usually the last step in medication management. 
Changing the Norwegian hospital drug distribution systems could 
be an opportunity to reduce wrong dose errors.17 Technological 
improvements, an increase in ready- to- use medication and improved 
cooperation between the wards and the hospital pharmacy could 
reduce medication preparation and dispensing errors including 
wrong dose errors (ie, calculation errors).

In Norway, prescriptions issued by hospital physicians are 
not routinely reviewed by clinical pharmacists, and therefore 
prescribing errors are difficult to spot, despite that hospital 
physicians in Norway have been shown to make four times as 
many prescribing errors as general practitioners.19

The severity of harm
We found that 5.2% of all medication errors were associated with 
severe harm, and 0.8% were fatal. A study that compared the 
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medication errors reported to the US and UK’s incident reporting 
systems from intensive care units showed that the percentage of 
events associated with severe harm was below 1%, and death below 
0.1%, in both systems.5 We found a much higher rate of harmful 
errors compared with other incident reporting systems.3 5 6 16 
However, it is difficult to make a clear judgement as to why our 
data differ. The high rate of harmful errors in our data say more 
about trends in reporting behaviour than they say about the true 
underlying rate of medication errors. Some health professionals 
reported directly to NIRS, while others reported via their local 
Patient Safety Department, which tends to report real events, and 
filter out near misses. This could lead to a lower number of non- 
harmful incidents and overestimate severe errors. Some incident 
reporting systems, such as the National Reporting and Learning 
System- UK, are criticised for being ‘wide and shallow’ and not 
‘narrow and deep’, that is, lacking in detailed incidents, which are 
less common and more serious in harm.16

The process of reading and analysing detailed incident 
reports in the NIRS data, as illustrated in table 3, has given us a 
unique insight into the many pitfalls of the medication manage-
ment process. This knowledge makes it difficult to comprehend 
that, as of today, hospitals in Norway do not employ Medica-
tion Safety Officers. This is in strict contrast to many hospitals 
worldwide, with dedicated full- time Medication Safety Offi-
cers,20 who lead the medication safety programme, develop 
protocols for high- risk medications and processes, perform root 
cause analysis and devise reporting systems. Why there is such 
a lack of overall political interest in the topic is not easy to 
comprehend.

Based on our analysis of a 2- year dataset on medication errors 
in Norwegian hospitals, we recommend introducing a medi-
cation safety programme to monitor and improve medication 
safety. Furthermore, a newly published National Action Plan 
in Patient Safety and Quality Improvement (2019–2023) has 
chosen medications as one of three target areas needing special 
attention.21 Hopefully, this will also contribute to prioritising 
medication safety.

Vulnerable patient groups
In our study, 50% of all errors were associated with patients 
aged over 65 years. This is as expected, because older people 
use more medicines. The elderly constitute the majority of cases 
involving severe and fatal medication errors,22 however, many 
elderly are also among the most frail and vulnerable patients. 
Interventions should focus on the safe administration of drugs to 
patients aged over 65 years, especially antithrombotics, as these 
drugs are associated with the most harm in this patient group.

A considerable proportion of incident reports involved children, 
and every fourth paediatric medication errors concerned the infant 
population (0–1 years). Errors could be due to the nature of medi-
cation preparation, dispensing and administration to children.23 In 
Norway, the National Competency Network for Medication to Chil-
dren contributes with developing guidelines, distributing informa-
tion and supporting research.24 However, in the 2- year study period, 
10 children were severely harmed and one child died due to medica-
tion errors. This finding calls for urgent action.

Besides the integration of a clinical pharmacist in the clinical 
team, stronger emphasis on paediatric medication preparation23 
and technology implementation are clearly needed. Another 
aspect of improving medication safety is to strengthen the part-
nership between the patients, their relatives and the healthcare 
providers.1 4

Therapeutic area
The top three therapeutic areas most frequently reported in our 
data were analgesics, antibacterials for systemic use and antithrom-
botic agents. These three medication groups were associated with 
40% of all reported errors, 50% of severe harm errors and 60% 
of fatal errors, somewhat similar to other studies.3 5 15 22 Most fatal 
errors were associated with analgesics and antithrombotic agents. 
The majority of deaths in the analgesics group were associated with 
opioids. However, a patient with renal failure died after a high dose 
of paracetamol was given. Five of the six fatal errors involving anti-
thrombotic agents were related to an intracranial haemorrhage that 
occurred when a thrombolytic tissue plasminogen activator (tPA) 
was administered to treat an acute heart attack or acute ischaemic 
stroke. TPA also caused severe errors, particularly when the incorrect 
dosage was given for the set bodyweight or if administrated before 
a CT head scan had ruled out a brain haemorrhage. Our five fatal 
tPA- related errors are in line with a tPA study on 131 patients, where 
27 patients were exposed to overdosage errors, of which three were 
fatal.25 Hence, tPA errors in hospitals are common, severe, and in 
need of a more systematic approach and education in prescribing 
and administration to prevent patient harm.

Strengths and limitations
A major strength with our study is that we use a national data-
base of medication errors from all types of hospital wards, 
populations, medications and harm scores, in contrast to other 
studies which have focused on specific hospital wards,5 popu-
lations,23 medications16 25 or harm scores.22 Under- reporting is 
a well- known limitation of the incident reporting systems.26 It 
is assumed that only one in five incidents are reported.16 High 
reporting rates may indicate an organisational culture committed 
to identifying and reducing errors rather than a truly high rate.20

It is important to recognise the challenge of harm score assign-
ment if prevention strategies are to be focused on medication 
errors with significant harm scores.27

Despite these limitations, it is crucial to acknowledge the 
importance of incident reporting systems in medication error 
research. The incident reporting systems provide an effective 
and low- cost tool to detect risks, which can initiate improve-
ments in medication safety.

The primary purpose of incident reports is identifying risks 
in the healthcare system and determining need for further 
investigating and analysis, while there remains little evidence 
to support the critical learning from these reports.28 Descrip-
tion of events and causes are often written from one person’s 
view of a complex clinical and organisational situation, and thus 
discussing underlying causes and revealing flaws in healthcare 
systems should rather be preformed by investigating relevant and 
severe incidents with system analysis tools.29 30

Recently, the Ministry of Health closed down the NIRS, and the 
final legislative decision was adopted in April 2019 by the Norwe-
gian Parliament. This decision was made against international 
recommendations4; however, the Minister of Health argued that the 
NIRS had not sufficiently contributed to patient safety in hospitals. 
The incidents of errors are as of May 2019 only to be reported at a 
hospital or regional level, and therefore a national overview is no 
longer available, which makes our dataset unique.

CONCLUSIONS
This paper shows that errors most commonly occurred during 
medication administration and that dosing errors were the most 
common error type. The substantial number of severe and fatal 
errors causing preventable patient harm and death emphasises 
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Key messages

What is already known on this subject
 Even with global efforts aimed to reduce medication errors, 
they continue to be the most frequent source of healthcare 
mishaps and continue to cause patient harm and death.

 Little is known about medication errors in Norwegian 
hospitals.

 Incident reports provide with sufficient data to describe the 
nature and type of medication errors.

What this study adds
 This study comprehensively examined, through the 
Norwegian Incident Reporting System, medication errors 
reported in a 2- year period, 2016 and 2017.

 Medication errors most commonly occurred during 
medication administration and involved most frequently 
dosing errors.

 The substantial number of severe and fatal errors causing 
preventable patient harm and death stresses an urgent need 
for error- prevention strategies.

an urgent need for error- prevention strategies, which includes 
introducing a medication safety officer in hospitals as an essen-
tial measure to monitor, prevent and improve medication safety. 
Additional studies and interventions should further investigate 
the error- prone medication administration stage in hospitals and 
explore the dynamics of severe incidents, emphasising incidents 
associated with children and the safe administration of anti-
thrombotics to patients over 65 years.
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Abstract
Aims: To investigate medication dose calculation errors and other numeracy mishaps 
in hospitals and examine mechanisms and enablers which lead to such errors.
Design: A retrospective study using descriptive statistics and thematic analysis of the 
nature and enablers of reported incidents.
Methods: Medication dose calculation errors and other numeracy mishaps were 
identified from medication- related incidents reported to the Norwegian Incident 
Reporting System in 2016 and 2017. The main outcome measures were medications 
and medication classes involved, severity of harm, outcome, and error enablers.
Results: In total, we identified 100 numeracy errors, of which most involved intra-
venous administration route (n = 70). Analgesics were the most commonly reported 
drug class and morphine was the most common individual medication. Overall, 78 
incidents described patient harm. Frequent mechanisms were 10-  or 100- fold er-
rors, mixing up units, and incorrect strength/rate entered into infusion pumps. The 
most frequent error enablers were: double check omitted or deviated (n = 40), lack of 
safety barriers to intercept prescribing errors (n = 25), and emergency/stress (n = 21).
Conclusion: Numeracy errors due to lack of or improper safeguards occurred during 
all medication management stages. Dose miscalculation after dilution of intravenous 
solutions, infusion pump programming, and double- checking were identified as unsafe 
practices. We discuss measures to prevent future calculation and numeracy errors.
Impact: Our analysis of medication dose calculation errors and other numeracy mis-
haps demonstrates the need for improving safety steps and increase standardization 
for medication management procedures. We discuss organizational, technological, 
and educational measures to prevent harm from numeracy errors.

K E Y W O R D S
drug dosage calculations, incident reporting system, intravenous administration, medication 
errors, morphine, numeracy, nurses, patient safety
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1  |  INTRODUC TION

Numeracy is a crucial skill for all healthcare professionals and is 
defined as “the ability to understand and use numbers in daily 
life” (Rothman et al., 2008, p. 585). For those involved in prescrib-
ing, dispensing, or administering medicines this includes the ability 
to perform tasks such as calculate the drug dose or infusion rate 
safely and accurately. However, as suggested in the literature, the 
numeracy skills of healthcare professionals are poor despite pass-
ing the required calculation tests (Warburton, 2010; Wright, 2010). 
Miscalculation of the medication doses, 10- fold errors, and other 
numeracy errors can result in wrong dose given with devastating 
consequences for the patient (Doherty & Mc Donnell, 2012). These 
types of errors have often been associated with individuals’ poor 
arithmetic skills although there is insufficient evidence to connect 
calculation skills with medication errors (Wright, 2010).

2  |  BACKGROUND

There is substantial evidence that nurses and nursing students per-
form badly when tested in medication calculations (Fleming et al., 
2014; Grandell- Niemi et al., 2001; Simonsen et al., 2014; Wright, 
2010). One study that measured numerical and drug calculation 
abilities found that 92% of nursing students and 89% of registered 
nurses failed the drug calculation test (McMullan et al., 2010). 
Another study in one nursing school showed no association between 
high school mathematics grade and the number of attempts required 
to pass the medication calculation test (Alteren & Nerdal, 2015). 
Wright concluded that written assessments are invalid measures of 
nurses’ numeracy skills and that their skills were better in clinical 
practice than suggested by these formal tests (Wright, 2007).

Numeracy errors are also made by other health care profession-
als, such as miscalculating drug doses during prescribing (Bonadio, 
2019). A scoping review of prescribing errors in children found that 
miscalculating drug doses was one of the main causes of prescribing 
errors (Conn et al., 2019).

Our previous study using data from medication errors from the 
Norwegian Incident Reporting System demonstrated that dosage 
errors are the most frequently reported medication errors, account-
ing for 38% of all errors (Mulac et al., 2020). Several studies have 
documented that dosage errors are common and have explored 
medication dose calculation errors as a subtype of dosage errors 
(Aronson, 2009; Gariel et al., 2018; Keers et al., 2013). Previous 
publications that have explored calculation errors specifically have 
used classroom- based calculation tests or surveys (Williams & Davis, 
2016; Wright, 2010), or have focused on specific patient population 
and type of calculation errors, for example, 10- fold errors in children 
(Doherty & Mc Donnell, 2012; Tse & Tuthill, 2021), or errors with 
dosage equations (Lesar, 1998).

To our knowledge medication dose calculation errors in clinical 
practice have neither been defined nor analysed in previous studies 
despite this gap being highlighted more than a decade ago (Wright, 

2010). Improved understanding of the nature and causal factors to 
calculation errors would be useful to identify and develop error- 
prevention strategies. Thus, we conducted a retrospective in- depth 
analysis of nationally reported medication- related incidents.

3  |  THE STUDY

3.1  |  Aims

The study aimed to investigate medication dose calculation errors 
and other numeracy mishaps and examine sources, mechanisms, and 
enablers that lead to such errors.

3.2  |  Design and setting

A retrospective incident reports review was undertaken from 
medication- related incidents reported to the Norwegian Incident 
Reporting System in 2016 and 2017.

The reporting system was a mandatory, anonymous, electronic 
reporting and learning system of incident reports from all hospitals 
across Norway. Health professionals were legally obliged to report 
incidents that could have or had caused patient harm. In the 2- year 
study period, health care professionals from 64 hospitals in 2016 
and 55 hospitals in 2017 reported approximately 20,000 incident 
reports of which about 17% were medication- related reports.

During the study period, both paper- based prescribing and elec-
tronic prescribing were used in Norwegian hospitals. Electronic 
Medication Administration Record (eMAR) was, at this point, imple-
mented in a few hospitals and most of the medication administration 
described in the incident reports were documented on paper.

The dispensing process in the reporting hospitals comprised 
ward- based medication rooms where the medications were stocked 
and required dispensing, dilution, and further preparation by nursing 
staff before administering to the patient. Only chemotherapeutics, 
opioid cassettes for pain pumps, and parenteral nutrition were com-
pounded and dispensed by hospital pharmacy staff.

3.3  |  Definitions

We defined a medication error according to the National Coordinating 
Council for Medication Error Reporting and Prevention (NCC MERP) 
as “any preventable event that may cause or lead to inappropriate 
medication use or patient harm while the medication is in the control 
of the health care professional, patient, or consumer” (NCC MERP, 
2001). Causal factors to medication errors included error sources, 
error mechanisms and error enablers. Error source was defined as 
the initiating factor that precipitated the error (Tse & Tuthill, 2021, 
p. 2) e.g., writing slips, dose calculation, or misinterpretation of the 
written order. Error mechanisms were defined as the act or practice 
that led to the error source (Tse & Tuthill, 2021, p. 2) e.g., 10- fold 
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errors, omitted calculations, mixed up units, or mental dose calcula-
tions. Error enablers were those factors that made it more likely for 
errors to occur (Tse & Tuthill, 2021, p. 2) e.g., double check omitted 
or deviated, small volume or quantity of the drug, or paper- based 
prescribing.

3.4  |  Sample

Incident reports consisted of categorical data (e.g., patient age, inci-
dent date, day of the week) and free- text data (incident description, 
description of the cause, patient consequences, suggested preven-
tion measures, and caseworker's comments). In total, 3372 medi-
cation errors were reported during the 2- year study period. These 
were classified into error types in a previously published study 
(Mulac et al., 2020): omission, wrong drug, wrong route, wrong for-
mulation, adverse drug reaction, wrong dispensing label, wrong stor-
age and dosage errors. To identify medication calculation errors or 
numeracy mishaps, we have thoroughly read and evaluated reports 
involving dosage errors. In the current study, we included dosage 
errors that resulted from a miscalculation of the medication dose 
or a numerical misconception of the medication dosage or its unit. 
Only actual events that reached the patient were included. Of the 
116 incident reports which were classified under miscalculations 
or numeracy mishaps, we excluded three reports due to errors that 
were prevented from reaching the patient, five reports due to either 
insufficient and indistinct information, seven reports due to a non- 
dosage- related calculation or numerical error, and one calculation 
error did not occur in a hospital setting. Medication calculation er-
rors and numeracy mishaps are hereafter collectively referred to as 
numeracy errors.

3.5  |  Ethical considerations

Access to anonymized incident reports was granted by the 
Norwegian Directorate of Health where the Norwegian Incident 
Reporting System was based. Ethical approval was not required for 
this study.

3.6  |  Data analysis

We conducted a quantitative analysis of the characteristics of nu-
meracy errors and a qualitative thematic analysis of their causal 
factors. Data were analysed using IBM SPSS V25. First, frequency 
analysis and descriptive statistics were used to analyse the gen-
eral characteristics of medication errors. Each report was catego-
rized according to the patient age, stage in the medication process, 
route and formulation, overdosage or underdosage, medication 
name, and drug class. Second, free text descriptions from the re-
ports were used for the qualitative analysis of the causal factors 
and harm.

3.7  |  Rigour

We adapted the method reported in previous studies (Doherty & Mc 
Donnell, 2012; Tse & Tuthill, 2021) to analyse the nature and causal 
factors of numeracy errors. We thoroughly read all the reports to 
identify themes as they emerged from the data. The first and second 
authors independently categorized the themes of the error sources, 
mechanisms and enablers, and graded the severity of medication er-
rors using the adapted NCCMERP classification system (NCC MERP, 
2001). Each reported incident was then discussed until consensus 
was reached on classification. The classifications were thereafter 
presented to the last author and accordingly adjusted to the final 
categories.

4  |  RESULTS

4.1  |  Error characteristics

Over the 2 years, 100 numeracy errors met the inclusion criteria, 
as presented in Table 1. Patient age ranged from 0 to 96 years. 
One- third of all errors (n = 28) affected individuals under 18 years, 
half of whom were infants (<1 year). Most errors (n = 85) involved 
overdoses and 14 involved underdoses. The route of administration 
for numeracy errors was unevenly split: 77% were associated with 

TA B L E  1  Demographics and summary characteristics of 
medication dose calculation errors and other numeracy mishaps

N Percentage

Total number reports 100 100

Age

<1 12 12

1– 17 16 16

18– 65 37 37

65+ 35 35

Medication overdosage or underdosage

Overdoses 85 85

Underdoses 14 14

Missing 1 1

Route and Formulation

Intravenous infusion 52 52

Intravenous bolus injection 18 18

Oral tablets/capsules 11 11

Oral liquid 9 9

Subcutaneous injection 7 7

Missing 3 3%

Outcome of error

No harm 22 22%

Harm 75 75%

Death 3 3%
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the parenteral route, and 20% were associated with the oral route 
(Table 1).

Most errors (70%) involved intravenous administration route, of 
which 52% were intravenous infusions and 18% were intravenous 
injections. Errors associated with oral administration route involved 
tablet/capsule (11%) and liquid oral formulations (9%) and were com-
monly associated with small dosages or small volumes (Table 1).

The 100 errors involved 47 individual medications and 20 drug 
classes (Table 2). Analgesics were the most commonly reported drug 
class (23%) and morphine was the most common individual medica-
tion (9%). Most analgesic errors had an intravenous administration 
route (21/23). Half of the morphine errors involved an intrave-
nous bolus injection (n = 5). The second most reported individual 

medication was insulin, followed by parenteral nutrition, oxycodone, 
and digoxin.

4.2  |  Patient outcome and stage in the medication 
management process

The majority of errors (78%) caused patient harm (classified as NCC 
MERP Index Categories E- I, Table 3). These errors contributed to or 
resulted in three patients’ deaths, the need for interventions to sus-
tain life for 15 patients, and permanent harm with 10 patients.

Over half of reported incidents originated in the adminis-
tration stage (57%), 25% in the prescribing stage, and 18% in the 

Drug class
Drug class number 
reports (%) Medication name (n)

Analgesics 23 (23%) Morphine (9)

Oxycodone (6)

Other opioid analgesics (6)

Paracetamol (2)

Parenteral nutrition and 
intravenous fluids

12 (12%) Lipid/total parenteral nutrition (7) a

Fluids and electrolytes (5) a

Cardiac therapy 13 (13%) Digoxin (6)

Norepinephrine (3)

Epinephrine (3)

Levosimendan (1)

Antibacterials 9 (9%) Vancomycin (2)

Gentamicin (2)

Sulfamethoxazole, trimethoprim (2)

Clindamycin (1)

Others (2)

Chemotherapy 8 (8%) Methotrexate (1)

Carboplatin (1)

Others (6)

Drugs used in diabetes 7 (7%) Insulin (7)

Anesthetics 6 (6%) Ketamine (3)

Lidocaine (2)

Propofol (1)

Antithrombotic agents 3 (3%) Warfarin (1)

Dalteparin (1)

Alteplase (1)

Other nervous system drugs 3 (3%) Methadone (2)

Buprenorphine (1)

Othersb 17 (17%)

Total number reports 100 (100%)

aLipid/total parenteral nutrition, and fluids and electrolytes include more than one single 
medication.
bOthers include psycholeptics, diagnostic agents, diuretics, antiviral drugs, antihypertensives and 
beta blocking agents, corticosteroids, naloxone, immunoglobulins, diuretics, antiepileptics, and 
proton pump inhibitors.

TA B L E  2  The 10 most frequent 
drug classes and individual medications 
identified from medication dose 
calculation errors and other numeracy 
mishaps
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preparation/dispensing stage. More harmful errors (n = 78) occurred 
during medication administration (n = 46) than during medication 
prescribing (n = 17) and dispensing (n = 15). Analgesics were the 
most harmful drug class: opiate overdoses were involved in half of 
the errors that lead to permanent harm, interventions to sustain life, 
and death.

4.3  |  Error sources, mechanisms, and enablers

We identified causal factors that contributed to numeracy errors 
by identifying error sources, mechanisms (Table 4), and enablers 
(Table 5). The most common error source was error of calculation, 
which were incidents caused by dose miscalculation. Other common 
error sources were error of incorrect administration, incorrect equip-
ment programming, and writing slips during prescribing.

The most common error mechanism was 10- fold errors and oc-
curred when a decimal point or zero was misplaced, omitted, and/or 
added. The availability of medication in multiple strengths or mixing 
up units were common mechanisms resulting in errors.

Some error enablers led to errors at all stages of the medication 
management process including emergency/stress, inexperienced 
staff/lack of knowledge, and suboptimal technology design. Other 
error enablers were linked to a specific stage in the medication 
process such as lack of safety barriers to intercept prescribing errors 
and paper- based prescribing during the prescribing stage. The most 
common error enabler, identified in 40 incidents, was double check 
omitted or deviated which was specific for the dispensing/prepara-
tion and administration stage. However, we found that although 
double check was adhered to it did not intercept the error in 28 in-
cidents. Numeracy errors occurred with small medication dosages, 
more specifically when the dosage was below 1 unit, 1 ml or 1 mg, 
which was identified in 18 incidents. The requirement to dilute 
solutions intended for intravenous bolus injection resulted in 14 
errors, which involved dilution of morphine, oxycodone, adrenalin, 
and noradrenalin.

4.4  |  Error characteristics with the 
paediatric population

Half of all incidents which involved children (<18 years) were due 
to dose miscalculation. The paediatric incidents also arose due to 
failure to double check (n = 20), emergency/stress (n = 6), small vol-
ume <1 ml or small quantity <1 mg or units <1 unit (n = 6), and lack 
of safety barriers to intercept prescribing errors (n = 6). Four chil-
dren were permanently harmed due to errors involving paraceta-
mol (n = 2), gentamicin (n = 1), and tobramycin (n = 1). Interventions 
were required to sustain life for five paediatric patients due to er-
rors involving morphine (n = 3) and insulin (n = 2) overdoses. We 
did not find any characteristic differences among errors occurring 
in adult versus paediatric patients, and thus errors are discussed 
collectively.

5  |  DISCUSSION

This study identified several risk factors which caused numeracy er-
rors and ranged from ineffective or lacked safeguards to unsafe pro-
cedures in the medication management process. While the cause of 
numeracy errors was often multifactorial, they highlighted the need 
for resilience within the medication management processes to avoid 
errors. Though sparse, we have also identified human factors of an 
individual's numeracy skills that contributed to errors. Our focus 
remained however on addressing the systems’ defects engrained 
in the process of handling medications. Accordingly, while health 
professionals as individuals make mistakes, organizations allow for 
them to be serious. It is the latter situation that this study sought 
to explore.

There is a lack of consistency in medication errors causation re-
search. Although various models for understanding errors exist, they 
have also been criticized for being too simplistic (Seshia et al., 2018), 
failing to prevent errors (Peerally et al., 2017), or not appropriately 
used to identify impactful interventions (Franklin et al., 2012). In this 
study, we wanted to understand the errors by leveraging on the rich 
descriptions in the incident reports. We therefore applied a rela-
tively novel and more specific model of identifying error sources, 
mechanisms, and enablers (Doherty & Mc Donnell, 2012). By dis-
cussing error enablers, this method eventually allowed us to identify 
measures at a systems level with the potential to result in sustained 
improvements to patient safety.

Table 5 presents an exhaustive list of all error enablers from our 
data, followed by proposed measures that are supported by interna-
tional recommendations, the research literature, and our analysis of 
the error enablers (American Hospital Association. Health Research 
& Educational Trust & Institute for Safe Medication Practices, 2002; 
Cohen et al., 2007; Fleming et al., 2014; Fox et al., 2019; Grissinger, 
2010; Hedlund et al., 2017; Institute for Safe Medication Practices, 
2015; Ohashi et al., 2014; Westbrook et al., 2021; Wright, 2007). 
These proposed measures will reduce or eliminate the impact of 
error enablers on the medication management process in clinical 
practice. Below we discuss areas, which, according to our analysis, 
require the greatest attention to reduce harm from numeracy errors.

5.1  |  Intravenous preparation process

Intravenous medications were used in over half of the serious in-
cidents in our study. Previous research has identified handling in-
travenous medications as a high- risk practice prone to deviations 
from procedures (Taxis & Barber, 2003). In our study, the intrave-
nous preparation process was specifically exposed to risks when 
performing tasks with cognitive loads, such as dilution and bed-
side dose calculation while at the same time providing patient care. 
Some dilution errors occurred due to the lack of understanding of 
the exact concentration after dilution, which resulted in one infant 
receiving 7 mg of morphine instead of 0.7 mg. Administering from a 
syringe that contains more than the prescribed dose was found as a 
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high- risk practice in the current study. This practice occurred when 
diluting opiates or withdrawing the entire content of an ampoule or 
vial into the syringe. We used one example from the data to illustrate 
(Figure 1) how this practice together with a minor distraction may 
lead to injecting the whole syringe content, or more than initially 
intended. A systematic review of intravenous medication prepara-
tion errors elaborated that error rates appeared to be lower when 

the preparation took place in the central pharmacy settings com-
pared with nursing wards (Hedlund et al., 2017). Another measure 
shown to reduce dilution and labelling errors is prefilled syringes 
(Grissinger, 2010), which besides the safety aspect also offer advan-
tages of their convenience, accuracy, sterility, and medication waste 
reduction (Makwana et al., 2011). Prefilled syringes are, however, 
employed only infrequently in a routine hospital setting because of 

TA B L E  4  Error sources and error mechanisms identified from medication dose calculation errors and other numeracy mishaps

n Selected examples

Error source

Dose calculation 36 Dosage of 0.3 mg/kg propranolol for an infant of 1.5 kg was calculated to 4.5 mg

Drug administration 14 100 mg propofol injected instead of 10 mg

Writing slips during prescribing 12 Prescribed digoxin in mg instead of µg

Infusion pump programming 11 Entered 160 ml into the infusion pump for paracetamol infusion instead of 16 ml

Misinterpreted written order, units, decimal 
points

9 Patient received 1 tablet of 0.25 mg digoxin instead of ¼ tablet of 0.25 mg

Incorrect prescribing 8 Prescribed 25 mg prednisolone instead of 2.5 mg

Incorrect strength 5 An infant received glucose 500 mg/ml instead of Glucose 50 mg/ml that was 
prescribed

Incorrect preparation/compounding of drug 5 1 g vancomycin compounded in 100 ml sodium chloride instead of 250 ml

Misinterpreted verbal order or 
miscommunication

4 Administered intraosseous 1 mg/ml adrenalin injection instead of 0.1 mg/ml 
during cardiac arrest

Incorrect equipment 4 60 units insulin administered instead of 6 units (used regular 1 ml syringe to draw 
up insulin instead of insulin syringe)

Unknown 5

Error mechanism

10-  or 100- fold errors 27 10 mg morphine injected instead of 1 mg

Multiple strength of drug available 11 Received one 8 mg tablet instead of one 2 mg tablet due to a storage error

Incorrect strength/rate entered to infusion 
pump

10 A fentanyl 50 µg/ml infusion was plotted as 10 µg/ml into the infusion pump

Mixed up units (e.g., mg with ml, or mixing g, 
mg, and µg), and incorrect conversion of 
units

10 The infusion pump with morphine was set to µg/ml instead of mg/ml

Typing or reading error (calculator, eMAR) 8 Patient height and weight was switched in the formula when calculating the body 
surface for chemotherapy dosage

Incorrect use of patient history (bodyweight, 
blood tests)

7 The carboplatin dose calculated based on a past creatinine value

Incorrect use of hospital procedures 6 The ketamine infusion was administered undiluted (10 mg/ml), resulting in a 5- 
fold overdosage

Omitted calculations 6 Calculated heparin dose without considering patient's weight

Administering from a syringe that contains 
more than the prescribed dose

6 10 mg/ml oxycodone ampoule was diluted to 2 mg/ml concentration into a 5 ml 
syringe, the nurse used the whole syringe content when administering and 
accidentally gave 4 ml (8 mg) instead of 2 ml (4 mg)

Proportion dose calculation error 4 An infant should have received 10 µg naloxone from a 40 µg/ml oral solution 
(10/40 = 0.25 ml), the equation was turned upside down and the nurse 
calculated 40/10 = 4 ml

Multiple complex calculations 3 Calculated the insulin dose with the correction factor instead of carbohydrate 
factor

Mental dose calculations 2 Mentally calculated 0.3 mmol/kg × 100 kg calcium chloride to be 130 mmol

Unknown 18

Note: Each incident may have multiple factors.
Abbreviation: eMAR, electronic Medication Administration Record.
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the additional cost they present to the hospital (Grissinger, 2010; 
Makwana et al., 2011). Although general hospital recommendations 
advise that intravenous drugs should be offered in only one con-
centration by the hospital pharmacy (Institute for Safe Medication 
Practices, 2015), including those for Norwegian hospitals, several 
medication errors in our study occurred because multiple strengths 
of intravenous medications were available, e.g., confusion between 
the low-  and high- concentrated noradrenalin infusion. Barcode 
medication administration— scanning medications during dispens-
ing and administration— could mitigate such mix- up errors of several 
available strengths (Poon et al., 2010). Our findings highlight the 
risks associated with intravenous preparation at the site of care and 
suggest standardizing the intravenous preparation process.

5.2  |  Infusion pump- programming errors

Errors commonly occurred when programming intravenous pumps, 
e.g., 40 mmol/h instead of 40 ml/h. The programming of infusion 
pumps was usually not double- checked by other health profession-
als which enabled errors in 11 cases, most of which led to patient 
harm. Entering incorrect strength into the infusion pump, which 
was a frequent mechanism behind pump- programming errors in our 
study, could be avoided using standardized concentrations which are 
stored in the electronic library in infusion pumps sometimes referred 
to as “smart pumps”. Smart pumps, connected to the electronic 
health record, have been shown to reduce programming errors 
(Ohashi et al., 2014). While most errors associated with intravenous 
infusion in our study were pump- programming errors, smart pumps 
per se could not have prevented all of these errors because, they 
have not been shown to reduce the risk of errors when used without 
barcode medication administration and rarely with electronic pre-
scribing (Lyons et al., 2018). Since the costs and benefits of imple-
menting smart pumps have not yet been established (Schnock et al., 
2017), other interventions, which can be implemented immediately 
and at low cost should be prioritized, such as a specific description of 
procedures and safety steps when handling and programming infu-
sion pumps, and standardizing protocols for infusion rate calculation.

5.3  |  The double checks paradox

Instead of functioning as a safety net, double checks seemed to enable 
errors in our study. All numeracy errors in this study, which occurred 
during medication administration or dispensing (n = 75) required dou-
ble checks e.g., high- alert medications and handling injections and 
infusions. Yet, double checks seemed to provide false safeguard and 
in 53% of these (40 out of 75 administrations) double checks were 
omitted or deviated, and 37% (28 out of 75 administrations) described 
that even when adhered to, double- checking did not prevent the 
error. The remaining errors (n = 7) did not provide information about 
the double- checking procedure. Alsulami et al. evaluated paediatric 
nurses’ adherence to double checks and found that the step with the St
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lowest adherence was independent checks of the drug dose calcula-
tion, conducted only in 30% of administrations (Alsulami et al., 2014). 
It is however difficult to discuss the value of double checks in our study 
without a clear procedure for double- checking. The national medica-
tion management policy (The Norwegian Directorate of Health, 2015) 
requires independent double- checking, while the description of what 
an independent check is and the specific procedure to be performed in 
a double check is not described. This issue is especially important when 
the intravenous compounding comprises multiple stages and involves 
dilution, dose calculation, withdrawal, and administration of the cor-
rect dose (Figure 1). It is unclear which of these steps require a double 
check, and if all do, whether this is likely to be achievable in clinical 
practice with the current staffing levels. The concern with unprecise 
descriptions of the specific steps during double checks is also raised 
in a recent paper (Pfeiffer et al., 2020), which questioned the effect of 
double checks when the intervention itself is not clearly defined.

We did not differentiate the value of adhered double checks 
in the current study merely because the details of how these were 
performed were usually not described in the incident reports. 
However, our strict data inclusion provided incident descriptions 
with sufficient information to exclude an independent check and 
suggest double- checking was primed, i.e., usually described as: “a 
second nurse double- checked the calculation made by a first nurse” 
-  the second nurse was “primed” with information about the dose 
or calculation rather than undertaking the calculation themselves. 
Moreover, double- checking procedures should be designed to avoid 
the likelihood of confirmation bias (Dickinson et al., 2010) i.e. instead 
of telling someone to check if a calculation is correct, one should 
ask the other person to calculate the dosage again. Others have ad-
vised against using the primed checks (Pfeiffer et al., 2020), as they 
require considerable resources for nurses but have shown not to 
reduce error rates (Westbrook et al., 2021). Additionally, requiring 
independent checks, which are infrequently performed in practice 

(Westbrook et al., 2021), often due to challenges with staffing, is 
likely to result in deviating from or omitting the double- checking. 
This is confirmed in the current study, where nurses described in 
several cases that it was difficult to find an available nurse for the 
double check, so they omitted it.

In addition to clearly stating which specific steps must be double- 
checked, we propose to reduce the number of double checks. This 
can be done, for example, by limiting the number of intravenous 
medications compounded at the bedside or on the ward. Thus, re-
sources would be released for independent double checks for tasks 
that must be done at the bedside, such as when programming infu-
sion pumps.

5.4  |  High- alert medications

High- alert medications, which pose a higher risk of medication er-
rors compared with other types of medications (Grissinger, 2016), 
were associated with almost 50% of the numeracy errors in our 
study and included digoxin, opiates, insulin, methotrexate, gentamy-
cin, intravenous electrolytes, and antithrombotics. All digoxin errors 
occurred due to discrepancies between dosage units i.e., mg and µg. 
There appeared to be a mismatch between the unit on the prescrip-
tion and the formulary oral digoxin which often caused confusion 
leading to the error. Insulin errors were primarily caused by dose 
miscalculation but also occurred when the nurse withdrew insulin in 
a non- insulin syringe or insulin syringe not scaled for small volume. 
Such practices were also found to cause errors in a review involving 
insulin- related patient safety incidents and were referred to as error- 
prone practice (Cousins et al., 2011). Insulin errors have also been 
caused by knowledge deficit, such as not spotting that the calculated 
dosage was significantly higher or lower than the standard dose 
range, such as administering 250 units of insulin in a single dose.

F I G U R E  1  Administering from a syringe that contains more than the prescribed dose

The prescription
5mg oxycodone IV bolus

Oxycodone
is available as 10 mg/ml,

in a 1 ml glass
ampoule

1. The nurse withdrew
1 ml of 10 mg/ml oxycodone
to a 10 ml syringe.

End product: A syringe containing
10 ml of oxycodone 1 mg/ml (=10 mg).

The patient received
9 mg = 9 ml of oxycodone, instead
of the correct dose of 5 mg = 5 ml!

Only 1 ml left

The nurse planned to inject half of
the 10 ml syringe content = 5 ml.
While talking to the patient, the
injecting continued beyond the
intended volume. The error was
discovered when the remaining

volume was 1 ml.

Administered
from a syringe which
contains 10 mg when
the prescribed dose is

only 5 mg.

2. Diluted with 9 ml 0.9%
saline

SmPC states: Dilute to 1 mg/ml
in 0.9% saline before injection.

The dilution step: The administration step:

Patient received 9mg oxycodone instead of 5mg

The error:
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Opiate errors in this study involved specifically intravenous bolus 
injections of morphine and oxycodone. Moreover, the formulary 
oxycodone and morphine for intravenous bolus required dilution in 
each reported event from 10 mg/ml to 1 mg/ml, which increases risk 
especially in combination with bedside preparation because of un-
expected distractions or interruptions (Institute for Safe Medication 
Practices, 2015). Opiate overdoses are relatively frequent, cause se-
vere consequences for patients (Mulac et al., 2020), and led to life- 
threatening events for seven patients in the current study.

Numeracy errors involving high- alert medications arose because 
the bedside conditions were not appropriate for their compounding 
and dose calculation, which require a distraction- free environment, 
adequate knowledge, and proper quality checks in place. Although 
most hospitals in Norway have developed guidelines for managing 
high- alert medications, our findings imply that more specific instruc-
tions on the storage, dispensing, preparation, and formulary for each 
high- alert medication are needed. These efforts should include but 
are not limited to establishing maximum safe doses and severe alerts 
for potentially toxic doses, storage constraints, availability on the 
ward in unit doses or unit of use, and 24- h pharmacy- operated com-
pounding service available seven days per week (American Hospital 
Association. Health Research & Educational Trust & Institute for 
Safe Medication Practices, 2002; Cohen et al., 2007).

5.5  |  Safety during prescribing

All prescribing errors in this study occurred because there was no 
step to act as a safety barrier between the prescribing and adminis-
tration stage. The physician orders in the current study proceeded 
without being verified, yet half of all prescribing errors were writing 
or typing slips. Inclusion of an additional step after prescribing, for 
example, pharmacist order verification, has shown to reduce the fre-
quency of medication errors (Bond et al., 2002) and reduce potential 
harm from medication orders (Lustig, 2000). Bearing in mind that 
the eMAR deployment in Norwegian hospitals is ongoing, pharma-
cist verification is vital to consider since this intervention frequently 
follows eMAR implementation (Naidu & Alicia, 2019).

However, technology improvements could also engender a false 
sense of security, since the decision support features during electronic 
prescribing failed to detect erroneous inputs of dosage in the reported 
errors. This was also found in a recent study on prescribing errors in 
paediatric care in the UK which showed that dosage errors were least 
likely to be prevented by decision support contrary to for example er-
rors involving allergies which were most likely to be prevented (Fox 
et al., 2019). Furthermore, decision support systems should be im-
proved to guide prescribers to the correct dose by virtue of a patient's 
body weight and to trigger alerts to out- of- range dosages (Fox et al., 
2019). Such efforts may have prevented seven prescribing errors in our 
study which were due to incorrect or outdated patient body weight or 
laboratory results, all of which caused patient harm.

Irrespective of the various technologies that have been widely 
applied to address errors, the main cause of numeracy errors was 

associated with institutional failures in high- risk processes, and 
these will not be solved by technological improvements. The proce-
dures should facilitate the right personnel for the right task in appro-
priate conditions, which would allow health professionals to perform 
their tasks effectively and safely and therefore can successfully use 
technologies to additionally increase safety.

5.6  |  Numeracy skills

Despite the above- addressed causes of numeracy errors at a sys-
tems level, we have also identified human factors that contributed to 
errors in the dispensing and preparation stage. These errors involved 
errors during proportional dose calculations, unsatisfactory concep-
tual understanding of units, volumes, and formulas to ensure han-
dling medications safely and, which have also been highlighted by 
others when evaluating drug calculation skills of registered nurses 
(Fleming et al., 2014; Simonsen et al., 2014). Consequently, we sug-
gest that nursing education strategies should be aligned with mean-
ing and context i.e., allow students to visualize and estimate the dose 
mentally before calculating the exact numbers, which could be facili-
tated in clinical practice or simulated conditions.

5.7  |  Strengths and limitations

The main limitation of this study is that numeracy errors were retro-
spectively identified from incident reports which are known for their 
underreporting (Franklin et al., 2009). With this in mind, we focused 
on the qualitative descriptions to identify patterns in error sources, 
mechanisms, and enablers. However, the information available to iden-
tify causes and contributing factors is dependent on what is reported 
and thus limits the transferability to broader healthcare. Numeracy 
mishaps were not as easily recognizable as pure calculation errors, 
and some numeracy mishaps may have gone unidentified within other 
dosage errors. We achieved methodological rigour by excluding all cal-
culation errors and numeracy mishaps that had insufficient event de-
scriptions needed to classify for error enablers. Therefore, this study 
is a thorough analysis of the nature and causes of the selected cases 
and does not reflect the frequency of all numeracy errors reported in 
the 2- year period. Including only definite cases allowed us to identify 
the failure, or in some cases, the absence of a safety net to prevent the 
error from reaching the patient. The data in this study are extracted 
from a national reporting system and individual hospitals are likely to 
have different practices, although we did not see any apparent differ-
ences in practice from the reported incidents.

6  |  CONCLUSION

This study analysed how and why numeracy errors occurred and 
progressed undetected in hospitals. In all stages of medicines 
management, numeracy errors were enabled due to the lack of or 



    |  13MULAC et AL.

improper safeguards. Dose miscalculation after dilution of intrave-
nous solutions, programming infusion pumps, and double- checking 
were identified as unsafe practices. In addition to suboptimal safety 
environments, health professionals demonstrated poor numeracy 
skills and therefore struggled with dosage calculations and metric 
conversions. We recommend several organizational, technological, 
and educational measures to empower health personnel and prevent 
future calculation and numeracy errors.
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ABSTRACT
Introduction Barcode medication administration 

(BCMA) can, if poorly implemented, cause disrupted 

workflow, increased workload and cause medication 

errors. Further exploration is needed of the causes of 

BCMA policy deviations.

Objective To gain an insight into nurses’ use of 

barcode technology during medication dispensing and 

administration; to record the number and type of BCMA 

policy deviations, and to investigate their causes.

Methods We conducted a prospective, mixed- methods 

study. Medication administration rounds on two hospital 

wards were observed using a digital tool and field notes. 

The SEIPS (Systems Engineering Initiative for Patient 

Safety) model was used to analyse the data.

Results We observed 44 nurses administering 884 

medications to 213 patients. We identified BCMA policy 

deviations for more than half of the observations; these 

related to the level of tasks, organisation, technology, 

environment and nurses. Task- related policy deviations 

occurred with 140 patients (66%) during dispensing and 

152 patients (71%) during administration. Organisational 

deviations included failure to scan 29% of medications 

and 20% of patient’s wristbands. Policy deviations 

also arose due to technological factors (eg, low laptop 

battery, system freezing), as well as environmental 

factors (eg, medication room location, patient drawer 

size). Most deviations were caused by policies that 

interfere with proper and safe BCMA use and suboptimal 

technology design.

Conclusion Our findings indicate that adaptations of 

the work system are needed, particularly in relation to 

policies and technology, to optimise the use of BCMA by 

nurses during medication dispensing and administration. 

These adaptations should lead to enhanced patient 

safety, as the absolute goal with BCMA implementation.

INTRODUCTION
Barcode medication administration 
(BCMA) technology is a health informa-
tion technology credited for preventing 
medication errors and promoting patient 
safety when used accurately.1 BCMA 
technology automates the process of 
verification by scanning the barcode on 
the medication and the patient iden-
tification wristband, thus assisting the 

nurses in confirming the ‘five rights’ of 
medication administration: right patient, 
right medication, right dose, right route 
and right time.2 In an effort to prevent 
consequences of medication administra-
tion errors to patients,3 hospitals have 
strongly encouraged BCMA implementa-
tion.4–7 The BCMA has shown to reduce 
medication administration errors signifi-
cantly and to reduce harm from serious 
medication errors.8 Previous studies have 
also reported an increase in patient iden-
tity verification rate after implementing 
BCMA.9 10

While BCMA has existed for over two 
decades, hospitals have struggled to adapt 
and implement it within their existing 
infrastructure,5 11–15 and several studies 
demonstrate that the implementation 
process for BCMA is important for its 
overall success.12 13 Studies have shown 
increased workload or disrupted work-
flow with the use of BCMA, resulting in 
workarounds,7 12 14 16 17 such as carrying 
prescanned medications on carts.18 These 
workarounds, also described as policy 
deviations, can lead to new errors created 
by the use of the technology.7 12 18

Although previous studies have identi-
fied workarounds and policy deviations 
with BCMA,7 12 18 there has been limited 
research to disclose why deviations occur 
and the impact of the surrounding context 
to their occurrence. One systematic review 
that evaluated the impact of BCMA tech-
nology to patient safety concluded that 
human factors and technical issues are 
standing in way of achieving intended 
scanning rates and patient safety bene-
fits.1 Another systematic review came to 
a similar conclusion and highlighted the 
importance of analysing whether devi-
ations that are outside the five types of 
medication errors can have important 
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implications to patient safety.19 The purpose of this 
study, therefore, was to investigate nurses’ interaction 
with the technology and identify policy deviations 
as potential unsafe practices using a human factors 
approach.20 More specifically, the study aimed to (1) 
gain an in- depth understanding of how nurses actu-
ally use the BCMA during medication rounds, (2) to 
record the number and types of BCMA policy devi-
ations during medication dispensing and administra-
tion, and (3) to investigate probable causes of policy 
deviations in relation to the socio- technical factors of 
the working environment.

METHODS
Overview
We used a concurrent triangulated, mixed- methods 
design comprising structured observation (quantitative 
data) and field notes and nurses’ comments (qualitative 
data) of BCMA use at two medical wards at a 700- bed 
hospital in Norway. Structured observation, involving 
a digital observational tool, was used to quantify policy 
deviations. Field notes and nurses’ comments contex-
tualised the quantitative data, provided explanations 
and sometimes cued the causes to policy deviations.

Theoretical framework
We used the SEIPS model (Systems Engineering Initi-
ative for Patient Safety)16 20 to provide the theoretical 
underpinning for this study. This model explores inter-
actions between humans, the technology they use and 
the environment in which they work, and has been 
successfully applied in the field of medication adminis-
tration technologies,16 as well as across healthcare.20 In 
our study, we applied the SEIPS model to categorise the 

integrated qualitative and quantitative data according 
to the five elements of the SEIPS model20: (1) tasks, 
(2) organisational factors, (3) technology, (4) physical 
environment, and (5) individuals.

Setting
The study hospital was the first to introduce eMAR 
(electronic Medication Administration Record) and 
BCMA technology in Norway. The technology was 
implemented over a 3- year period, from 2017 to 
2019. The studied eMAR and BCMA were a part of 
Metavision, iMDsoft. In addition to the digitalised 
medication records, the system comprised barcode 
scanners, patient identification (ID) wristbands, single- 
dose medication units, and scanning during dispensing 
and administration. The hospital used a decentralised 
ward- based dispensing system. The description of the 
delivery, dispensing and administration process with 
respective policy descriptions is illustrated in figure 1. 
Data were collected on two wards: a cardiac medical 
ward and a geriatric intensive care ward. Other ward 
characteristics and dates of observation are summa-
rised in online supplemental appendix 1.

Definitions
We defined a policy deviation as the act of dispensing 
or administering a medicine that was not in accord-
ance with the hospital policy. Task- related deviations 
were failures with tasks involving use of barcode scan-
ning during dispensing and administration. Organ-
isational policy deviations included violations of 
hospital medication management policies, for example 
dispensing the wrong dose of the medication in the 
patient drawer placed in the computer on wheels 

Figure 1 Description of the dispensing and administration process. BCMA,barcode medication administration; COW, computer on wheels.
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(COW). Technology- related factors included prob-
lems with the technological equipment (hardware and 
software) associated with the BCMA. Environmental 
factors were elements of the physical environment that 
affected the BCMA. Nurse- related factors were related 
to the practice or comments of individuals.

Data collection
One registered pharmacist and one fifth- year phar-
macy student observed medication administration 
rounds between October 2019 and January 2020. The 
observers contacted the assigned nurse on the respec-
tive ward prior to the medication round, explained the 
purpose of the study and obtained written consent. 
Upon entering the patient room, the nurse informed 
the patient briefly about the presence of the observer 
and the purpose of the study. To minimise observation 
bias,21 the observers remained silent during observa-
tion. No patient- identifiable data were recorded. The 
observer alerted the nurse if they became aware of a 
medication error with the potential to cause patient 
harm.

We used a digital observational tool (described later) 
to record quantitative data and checked for consistency 
by the research team. Data were collected using hand-
held tablets and directly sent to a secured server for 
storage. After completing the structured observations 
of the medication rounds, the observers documented 
additional qualitative field notes of the medication 
safety environment and any comments made by the 
nurse.

Data collection stopped when saturation was 
achieved, and the research team members evaluated 
that additional data would not lead to new infor-
mation.22 The observers periodically met with the 
research team to review observation data for this 
determination.

Development and piloting of the data collection tool
A digital observational tool, using secure web- based 
data survey software,23 was developed to collect 
data during medication administration. The tool was 
piloted for 7 days, by two observers, who observed 
the administration of medications to 30 patients on 
two medical wards. While the pilot data were not 
included in the main study, they were discussed by our 
inter- professional research team, and each question 
in the observational tool was evaluated for relevance 
to the research question and consistency with current 
evidence. We developed separate data collection tools 
for oral and parenteral medications because the differ-
ences in their administration processes (online supple-
mental appendices 2 and 3). The 28 questions in the 
oral and parenteral observational tool (14 questions in 
each) were aligned with the workflow described in the 
hospital policies and quantified data on the following:

 The total number of medications; scannable and scanned 
medications; number of scanned patient ID wristbands.

 Policy deviations with dispensing, labelling, storage or 
scanning.

 Technological problems with equipment or software.
 The storage of inpatients’ own medications.
 A free- text option in the tool was available to register the 

observers’ comments.

Analysis
Quantitative data from both observational tools were 
merged; any string data were converted to numeric 
values. Scanning rates and frequency of policy devi-
ations were analysed using descriptive statistics with 
IBM SPSS V.25. Qualitative data were analysed with 
inductive thematic analysis24 through an iterative 
process. Two researchers coded the data assigning 
utterances to themes which were developed as they 
emerged from the data. The researchers discussed 
the manner in which the data fitted in the themes to 
reach joint consensus. Following the separate analysis 
of quantitative and qualitative data, we integrated 
the two data sets using a triangulated approach.25 26 
Key findings from both data sets were identified and 
complimentary findings were compared to enhance 
validity and provide a deeper understanding of policy 
deviations and their causes. The integrated findings 
were then categorised according to the five elements 
of the SEIPS model.20

RESULTS
A total of 44 nurses were observed while preparing 
and administering medications; 29 during the morning 
and 15 during the evening medication rounds. We 
observed the administration of 884 medications 
(mean per patient, 4.2; range, 0 to 14) to 213 patients 
(table 1). In total, 133 patients (62%) received oral 
medications only, 59 patients (28%) received both oral 
and parenteral, while 21 patients (10%) received only 
parenteral medications.

Task-related policy deviations
Data source: observational tool
We registered how nurses used BCMA during 
dispensing and administration. Task- related policy 
deviations affected 140 patients (66%) during medica-
tion dispensing and 152 patients (71%) during medi-
cation administration, illustrated in figure 2. During 
administration, we identified three variations in nurses’ 
BCMA use which resulted in deviations: nurses did not 
use BCMA; nurses partially used BCMA; nurses used 
BCMA correctly, but deviations still occurred.

Organisational policy deviations
Data source: observational tool, field notes and nurses’ comments
Organisational deviations were deviations from the 
medication management policies. In terms of medi-
cation administration deviations, these arose with not 
scanning 29% medications and 20% patient ID wrist-
band (table 1).
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We identified 10 types of policy deviations during 
the dispensing process. The most frequent were medi-
cation not dispensed (n=80 patients), barcode label 
missing (n=70 patients) and wrong dose dispensed 
(n=30 patients). Dispensing deviations and their 
connection to potential medication errors are listed 
in table 2. All data in table 2 are presented as devia-
tions, although three of these deviations also classify as 
actual medication errors including wrong medication 
dispensed, wrong dose dispensed, and medication not 
dispensed and not administered which is a medication 
omission. These deviations in the COW were often 
revealed after the nurse had entered the patient room 
and resulted in a prolonged and frequently interrupted 
administration, which led to medication omission for 
25 patients. For 11 patients, scanning in the eMAR 
prevented administration of the wrongly dispensed 

medication. The observer intervened on one occasion 
when a nurse dispensed a wrong (look- alike) medica-
tion from the medication room and intended to give 
to the patient.

We also observed deviations from the storage of 
patients’ own medication (home- brought). According 
to policy, patients’ own medication should be stored 
in the COW or the medication room. We registered a 
96% deviation rate from this policy (table 2). Patients’ 
own medications were not integrated in the BCMA 
and were not barcoded or scanned.

Technology-related factors
Data source: observational tool and field notes
Technology- related factors were registered with 
the observational tool and deviations were found 
in 38 observations (18%). These included low 

Table 1 Characteristics of the observed barcode medication administration

Characteristics Ward 1 Ward 2 Total (%)

Observation duration 14 hours 35 min 17 hours 48 min 32 hours 23 min

Number of observed nurses 22 (21 female; 1 male) 22 female 44

Number of observed medication rounds 18 (12 at 8:00; 6 at 20:00) 20 (14 at 8:00; 6 at 20:00) 38

Total number of observed patients 94 119 213 (100%)

Number of patients with scanned wristband 85 85 170 (80%)

Total number of medications 447 437 884 (100%)

Number of barcoded medications 373 315 688 (78%)

Number of scanned medications 319 306 625 (71%)

Figure 2 Task- related policy deviations with barcode medication administration. BCMA, barcode medication administration; COW, computer on wheels.
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laptop battery in 28 observations (13%), system 
freezing in seven observations (3%), malfunc-
tioning barcode scanner in two observations and the 
barcode scanner was unavailable for administration 
in one observation (online supplemental appendix 
4). Software problems included slow response and 
the need for multiple clicking after scanning each 
medication. Nurses used the laptop mousepad to 
navigate the eMAR, and this extensive clicking was 
perceived by the nurses as frustrating. The size of 
the COW was deemed to slow the administration 
process and lead to deviations.

Environmental factors
Data source: observational tool, field notes and nurses’ comments
Medication rooms were located some distance from 
the nursing stations and patient rooms. The nurses 
ran back and forth to the medication room multiple 
times during an administration round to rectify 
deviations in the COW. Other disruptive environ-
mental factors affecting the BCMA workflow were 
the fact that the patient drawers were too small and 
could not contain all the patient medications. We 

also observed that the work surface of the COWs 
and at the nursing stations were often untidy and 
contained single- dose units from past administra-
tions or falsely dispensed medications.

Nurse-related factors
Data source: observational tool, field notes and nurses’ comments
Several nurses admitted that they did not use the 
barcode scanning equipment on a daily basis. If the 
ward was particularly busy, nurses tended to discard 
BCMA because they perceived it slowed down the 
medication administration. However, nurses who used 
BCMA regularly valued the automated medication 
verification because it confirmed that the right patient 
would receive the right medication.

Probable causes of BCMA policy deviations
The probable causes of BCMA deviations and 
their data sources are listed in table 3. Under task- 
related deviations, the failure to scan medications 
during administration occured because scanning was 
discarded during dispensing; a non- streamlined work-
flow during administration was caused by a mismatch 

Table 2 Organisational policy deviations with barcode medication administration and their connection to potential medication errors

Types of policy deviations* N Examples and descriptions Potential medication errors

Medication not dispensed; obtained and 

given during observation

55 Nurse did not check for omission of dispensing before administration 

round start even though some medications (eg, parenteral injectables) 

were not expected to be found in the COW at all

Omission

Medication not dispensed; not given 

during observation†

25

Barcode label missing 70 Dispensed tablets without a barcode label, or without primary packaging Wrong medication

Wrong dose

Wrong dose dispensed† 30 Dispensed whole blister pack instead of one tablet (correct dose) Wrong dose

Scanning failure 26 Barcode on the medication was not readable for the scanner Wrong medication

Wrong dose

Wrong route

Barcode label not attached 13 Barcode label was in the patient drawer but not attached to the 

medication

Nurses stored expired labels for future administrations to save time from 

printing new labels

Wrong medication

Wrong medication dispensed† 11 Dispensed extended- release tablet instead of tablet

Dispensed sound- alike medication, for example, Lescol instead of Losec

Dispensed 2 g Cloxacillin intravenous bag from the storage room instead 

of 1 g

Errors discovered by scanning in eMAR

Wrong medication

COW deviations due to recent changes 

in the eMAR

7 Antithrombotic medication was dispensed in the patient drawer, nurse 

removed it during administration due to the patient being scheduled for 

surgery that day

Contraindication

Wrong drug

Wrong route

Medication placed in the wrong 

compartment in the drawer

5 During dispensing, medication prescribed for morning administration was 

placed in the compartment in the patient drawer assigned for evening 

administration

Wrong medication

Omission or wrong time

Wrong room number on patient drawer 3 The patient changed the room, but the room number on the patient 

drawer was not changed

Wrong patient

Wrong label attached 1 Attached ‘metoprolol’ label on a generic substitute Bloxazoc (metoprolol) 

unit dose. Revealed after failure with scanning the label

Wrong medication

Wrong dose

Patients’ own medication stored in the 

patient room

24 We observed deviation of this policy for 24 of total 25 patients’ own 

medications (96%)

Wrong dose

Wrong medication

*The number of deviations refers to one deviation of the same type per patient even if more deviations of same type exist with one patient, for example, if one patient 

had wrong dose dispensed for two medications, this was counted as one deviation.

†Deviations which also classify as actual medication errors.

COW, computer on wheels; eMAR, electronic Medication Administration Record.

Protected by copyright.
 on O

ctober 28, 2021 at H
elsebiblioteket gir deg tilgang til BM

J.
http://qualitysafety.bm

j.com
/

BM
J Q

ual Saf: first published as 10.1136/bm
jqs-2021-013223 on 20 July 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjqs-2021-013223
https://dx.doi.org/10.1136/bmjqs-2021-013223
http://qualitysafety.bmj.com/


6 Mulac A, et al. BMJ Qual Saf 2021;0:1–10. doi:10.1136/bmjqs-2021-013223

Original research

with the tasks required during administration. Causes 
for organisational deviations were associated with 
unclear or poorly described policies, health profes-
sionals unaware of policies or the policy was incom-
patible with workflow. Even when the policy was clear 

and excluding, deviations occurred; for example, the 
policy stated that only the prescribed dose should be 
dispensed, however occasionally whole tablet blisters 
were dispensed in the COW.

Table 3 Probable causes to barcode medication administration policy deviations according to the SEIPS categories

Probable cause Example from observation/description Data source

Tasks related

Scanning discarded during dispensing Medications which were dispensed without scanning in the eMAR failed to scan during 
administration

Observational tool

Workflow not adopted to required 
tasks during administration

Nurse makes multiple runs back and forth to the medication room to retrieve not 
dispensed medications which interrupts the workflow and may affect patient safety

Observational tool
Nurses’ comments

Suboptimal task performance Voluminous medications (such as infusion bags, inhalers, eye drops) are routinely not 
scanned during dispensing because they are retrieved during administration

Observational tool
Nurses’ comments

Organisational

Dispensing practices not adopted 
to nurse’s workload, resulted in 
normalising deviations

Manual labelling of medications during dispensing on ward was challenging to carry out 
without workarounds

Observational tool

Non- standardised dispensing process 
resulted in frequent deviations

Medication not barcode labelled; scanning failure; wrong dose dispensed; wrong 
medication dispensed; medication not dispensed; wrong label attached

Observational tool

Unclear procedures or task not 
assigned

Varying practice between the wards on updating the dispensed medications in the COW 
due to recent changes in the eMAR

Observational tool
Nurses’ comments
Field notes

Poor routines/not followed routines 
for changing the room number on 
patient drawer

Room number on patient drawer was another patient’s room number
(Each patient drawer was labelled with room number and this was the first step in 
identifying the patient’s medications)

Observational tool

Unaware of hospital policies Patient’s own medications stored in the patient room. Due to policy, patients’ own 
medication should be stored in the COW or the medication room

Observational tool

Technology

Poor charging routines or non- 
compliance with routine

The laptop battery was low either at the start or during administration Observational tool

eMAR usability issues Slow eMAR response and need for multiple clicking after scanning each medication Field notes

The scanners were not wireless and 
limited the patient ID scanning

Nurse scanned medications prior to entering the patient room and administered 
medications while the COW was in the hallway, meaning that the patient ID wristband 
was not scanned

Field notes

Suboptimal COW design Nurses often avoided to bring the bulky COW into the patient room when administering 
few or one single medication
The COW design was cumbersome for the desired workflow of entering patient rooms 
during administration rounds
The COW contained medications for all patients which combined with scanning not 
being used is a risk for patient safety

Field notes
Nurses’ comments

Environmental

Medication room location affects 
task efficiency and time spent 
administering medications

The medication room was located far from the nursing station and most of the patient 
rooms. This resulted in slower administration and storage of random medications in the 
nursing station to avoid going back and forth to the medication room

Observational tool
Field notes

Patient drawer size does not allow 
appropriate BCMA use

The small size patient drawer led to deviations such as not dispensing the medications 
because only small forms of oral medications and ampoules were dispensed in the 
patient drawer, whereas voluminous medications were retrieved during administration

Observational tool
Field notes
Nurses’ comments

Non- specific medication storage 
policy

Random single- unit doses stored on the desk in the nursing station or on the COWs and 
were obtained from here in case something was missing during administration. Unsafe 
practice as the single doses are easy to mix up when stored randomly on the COW 
during administration

Field notes

Nurse related

Non- standardised dispensing allows 
variations

Variations in performance between nurses and inconsistency in dispensing medications 
for the same nurse

Observational tool
Field notes
Nurses’ comments

BCMA slower than manual 
verification—leading to user 
dissatisfaction

Nurse did not use the BCMA at all during the whole medication round
Nurse admitted to not using the BCMA on regular basis but used it during observation 
period

Observational tool
Field notes
Nurses’ comments

BCMA, barcode medication administration; COW, computer on wheels; eMAR, electronic Medication Administration Record.
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Probable causes for deviations associated with tech-
nology were poor or unclear charging routines, the 
scanner was not mobile but attached to the laptop, 
and software usability issues. In addition, the design 
of the COW, including its large/bulky size, sometimes 
prevented nurses from scanning the patient ID wrist-
band at the bedside. Furthermore, the undersized 
patient drawer led to dispensing omission because 
there was insufficient capacity to store all the medi-
cines. Nurse- related deviations were caused by the 
slow BCMA process, which led to refraining from 
scanning or to skip the technology use. These factors 
all conflicted with patient safety during medication 
dispensing and administration.

DISCUSSION
We observed policy deviations which affected 6 of 10 
patients during dispensing and 7 of 10 patients during 
medication administration. The causes to policy devi-
ations were related to a complex dispensing process, 
slow or cumbersome BCMA procedure, suboptimal 
technology design and non- specific policy description. 
Working with suboptimal solutions in a busy environ-
ment, it was hard for the nurses not to deviate from 
policies, which explains why deviations were normal-
ised in practice.

Despite these imperfections, our findings suggest 
that when the scanning of medications and ID wrist-
bands was used, it offered benefits to patient safety 
by preventing the administration of wrong dispensed 
medication for 5% of the patients.

The lack of standardised delivery of dispensed doses 
lead to several variations in how the medications were 
dispensed in the COW. Patterson et al27 found that 
BCMA made it easier to anticipate others’ actions 
and detect erroneous actions. In our study, however, 
it was difficult for other nurses to take for granted 
that the medications dispensed by a fellow nurse were 
correct. To compensate for the uncertainty, the nurses 
had to manually reconfirm doses before administering 
to patients. This practice undermines the purpose of 
BCMA.

The scanning rates in our study, that is, 71% for 
medications, 91% for scannable doses and 80% 
for patient ID wristbands, are considerably lower 
than the 95% standard goal for scanning medica-
tions and patients.28 In a recent observational study 
of BCMA at a UK hospital, Barakat and Franklin 
registered scanning rates for medications of 83%, 
scannable doses of 95% and patient verification 
of 100%.29 Although Barakat and Franklin had a 
smaller sample size, their study was undertaken 
with a similar ward- stock dispensing process and 
BCMA technology design to our study, which 
makes the rates broadly comparable.

A recent national study of medication errors in 
Norwegian hospitals, where BCMA was not used, 
found that 70% of all medication errors occurred 

during the medication administration stage.3 We 
suggest that many of these errors, such as wrong 
dose, wrong patient and wrong medication during 
administration, could have been avoided if BCMA 
had been implemented. However, even if the tech-
nology is used accurately, hospitals may still fail to 
achieve the full benefits of BCMA to patient safety 
and unintended consequences may arise from tech-
nology implementation,18 both demonstrated in 
our findings. In the current study, the technology 
was used as intended in only half of medication 
administrations. These deviations often originated 
in the dispensing process, such as not dispensed 
medications, wrong medication dispensed and 
wrong dose dispensed, and consequentially resulted 
in new deviations even when the BCMA was used 
correctly during medication administration.

The availability of functioning hardware is essential 
for the BCMA to have a preventive effect on errors. 
We identified a reoccurring problem with laptops not 
being charged and borrowing of scanners across wards, 
but these were not the main cause of technology- 
related deviations. The most important cause was the 
design of the technology like the bulky COW and the 
fact that scanners were not wireless. Those design 
issues limited the staffs’ efficiency during medication 
administration. This may explain why 20% of patient 
ID wristbands were not scanned during observation. 
Others have also described the size of the medication 
cart getting in way of efficient use of BCMA.4 18 One 
observational study concluded that nurses uniformly 
believed that manually confirming patient identity 
took less time than wheeling the large medication cart 
in the patient room.27

The distant medication rooms indirectly affected 
patient safety because retrieving of missing medica-
tions in the COW took a long time and led to medi-
cation omissions. Other environmental factors were 
in direct conflict with patient safety. Dispensing omis-
sions were unavoidable because medications larger in 
size (eg, eyedrops, inhalers or syringes) could not fit 
in the small pocket of the COW patient drawers. Such 
environmental characteristics have affected medica-
tion safety in other studies as well.30

Our nurses also expressed that BCMA prolonged 
the time they spent on medication administration. 
Compared with others that used automated dispensing 
cabinets,18 or pharmacy- operated dispensing,12 it 
is important to stress that nurses in our study had 
more tasks to attend to during the dispensing process 
(eg, packaging, labelling, dispensing in the correct 
compartment of the patient drawer). This is likely to 
explain the high proportion of dispensing deviations 
in the current study.

This study demonstrates variations among nurses in 
their BCMA use: from not using the BCMA in entire 
administrations, to partial use, to those who were fully 
compliant. Much of the variability can be explained by 
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doses lacking barcodes and that the policies allowed 
for too many variations in the workflow. In the study 
of Barakat and Franklin, the BCMA led to less vari-
ability in how nurses undertake medication adminis-
tration.29 Some of this difference may be explained by 
safety culture differences, for example, if the BCMA 
technology is not used by all nurses, such as found 
in our study, it could result in being a burden to the 
workflow rather than a safety initiative. Lyons et al31 
have also described a similar performance variability 
among nurses within the use of other medication 
administration technologies, and addressed that this 
adaptive behaviour could be a source of resilience, 
compensating for the weaknesses of the system, but 
raised concerns that it could also lead to unsatisfactory 
outcomes.

Implications
Having the advantage of studying the use of BCMA 
within the actual setting, this study may provide impli-
cations to technology implementation and strategies 
for improvement.

 Prior to implementation, hospitals should risk- assess 
policies and make institution- specific decisions on how 
to properly integrate the technology into their workflow.

 The scanning rates could be improved if a greater number 
of medications are scannable. One way to address this 
is for the pharmaceutical industry to barcode medica-
tions on the primary packaging.32 This could reduce the 
workload for the nurses and the hospital pharmacy and 
increase the standardisation of the dispensing process 
across wards.

 Ward- based medication dispensing, which is associated 
with significantly more medication errors than a unit- 
based system,33 should be evaluated for efficiency and 
safety.

 Redesigning technology to fit the nurses’ workflow, that 
is, replacing the cumbersome COW with a lightweight 
cart and mobile eMAR device, could create better expe-
riences for nurses and compensate for the downsides of 
the currently implemented system.

 Greater attention to the usability and functionality of 
BCMA is required: override logs and scanning stats were 
not available within the BCMA system observed in this 
study, which limits the monitoring of the technology use 
significantly.

 Besides data monitoring, ongoing assessments of the 
actual use of the BCMA technology are mandatory as 
changes in policy and technology will lead to new devi-
ations.16 This could be accomplished through period-
ical observation of medication rounds,13 34 which give 
an insight in the technology use with all the contextual 
factors in place, but also to involve end- users in making 
suggestions on improvement.

 Shared learning of BCMA practices between hospitals 
with similar systems is an important resource to improve 
knowledge, implementation, and staff motivation.

Strengths and limitations
The mixed- method approach provided insight into the 
nurses’ BCMA use and understanding of the context 
in which deviations occur. The added value of using 
both the qualitative and quantitative data was that it 
identified frequency of deviations and their probable 
causes. Our observational tool allowed the detec-
tion of ‘normal’ deviations in practice (eg, dispensing 
wrong dose of medications) that often remain unde-
tected because they are not identified using standard 
methods such as incident reports and chart reviews.35 
Previous studies have demonstrated that BCMA can 
reduce medication error rates.4 5 7 8 In our study, the 
identified policy deviations indicate that workarounds 
occur due to system flaws that produce latent condi-
tions which could ultimately lead to serious medication 
errors. However, focusing on policy deviations rather 
than medication errors is also a limitation because 
there is no direct measure of the impact of BCMA to 
patient safety.

Other limitations are acknowledged. First, there 
could be differences among observers, either in their 
data collection or in their interpretation and knowl-
edge of local policy. Observers were carefully trained 
in observational techniques36–38 and familiarised with 
local medication management policies to minimise such 
effect. Second, the presence of an observer might have 
influenced the nurses to consciously or unconsciously 
modify their behaviour.39 Nurses were aware of being 
observed while administering medications, and the 
expected change in behaviour would have been in the 
direction of better compliance with BCMA use. Some 
nurses indicated that they were using the technology 
because they were being observed. However, the find-
ings associated with the medication dispensing were 
not affected by the observation because this activity 
took place prior to the observation period that is, 
usually undertaken by nurses from the previous shift.

We studied an eMAR paired with BCMA technology 
in a hospital with a traditional ward- based medica-
tion dispensing operated by nurses. It is likely that 
our data will not be generalisable to organisations 
that use a pharmacy- operated or automated medica-
tion dispensing. On the other hand, hospitals that use 
a ward- based dispensing system can value from our 
findings, as there is limited research on the BCMA 
technology use in a ward- based medication dispensing.

CONCLUSION
This study provides an in- depth understanding of 
how the BCMA is used in the clinical environment. 
We identified policy deviations for over half of the 
observations, such as not scanning the patients or the 
medications, omission of dispensing, or wrong dose 
dispensed. We also identified variations in how nurses 
used BCMA. Deviations were caused with unclear poli-
cies, policies that interfere with appropriate BCMA 
use, including the labor- intensive dispensing process, 
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as well as problems with technology design. Our find-
ings suggest that several factors in the work system 
need reassessment and adaptation to nurses’ workflow. 
Deviations are expected with technology implementa-
tion in any complex system. As such, analysing policy 
deviations in practice is an important method of iden-
tifying and addressing system weaknesses in order to 
achieve the full benefits of BCMA in terms of patient 
safety.
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