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1INTRODUCTION

What we know
Medication safety is worldwide a concern. This includes errors in prescribing drugs, admin-
istering a wrong dose or strength of a drug to patients, errors in identifying patients, 
confusion of look-alike and sound-alike drugs, wrong routes of administration, misuse 
of equipment as infusion pumps, errors in calculating the right dose of a drug, and mis-
communication about medication amongst healthcare workers. Medication errors are a 
frequent and daily reality and arise during every single stage in the process of prescribing, 
compounding, dispensing, preparation, and administration of medication. Medication 
errors may not only cause harm to patients, but they could also be a tragedy for healthcare 
professionals and may potentially lead to higher costs in healthcare 1,2. In hospitals about 
5-10% of all medication orders result in errors 3-7.

Medication administration errors form an important subcategory of medication errors. 
Administration of prescribed drugs is the final step in the medication process, and, 
because there are few possibilities to detect and prevent errors in this step, administration 
errors may directly affect the patient. The prevalence of medication administration errors 
in hospitals is approximately 19% 8-10 of ‘total opportunities for error’ (in the process of 
medication administration in hospitals more than one error in one administration to one 
patient can occur). Research from the United Kingdom (UK) showed that 0.6%-21% of the 
medication administration errors that reach the patient, cause patient harm 11. Bearing all 
this in mind, prevention of medication errors is important in healthcare.

Interventions aimed to enhance medication safety
Several interventions have been developed to prevent medication errors. In hospitals; 
training and re-training, process changes such as the introduction of ‘do-not-disturb’ 
jackets to be used by nurses in charge of medication administration, introduction of 
double-checking, and technology-based interventions such as ‘smart-infusion-pumps,’ 
automated dispensing machines, computerized physician order entry systems, and use 
of bar-code-assisted medication administration were realized, and the effects of them in 
preventing medication errors analyzed 12-25. 

Information technology-based interventions to enhance medication safety
Of all these medication safety interventions, technology-based tools are thought to be 
most promising to improve medication safety in different ways 26-29. Information technology 
(IT) has the potential to contribute to standardization, transparency, proper documen-
tation and structure of a process. IT-based tools like computer order entry can prevent 
errors in written or verbal prescription orders 30,31. 
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Computerized Physician Order Entry (CPOE) systems are characterized by physicians 
entering and sending treatment instructions – including medication – via a computer 
application instead of verbal orders, orders by paper or fax machine. CPOE has several 
potential benefits: reducing errors, improving patient safety and improving the efficiency 
of care. In before-after research carried out by Bates et al. a significant reduction in all 
types of medication errors was found 32. Both healthcare professionals and healthcare 
authorities consider the use of CPOE as an essential element in the safe use of medication 
in hospitals 33,34. 

Bar-Code-assisted Medication Administration (BCMA) is an IT-system that uses bar-codes 
to prevent errors in the distribution and administration of drugs to hospital inpatients 
by electronically identifying both patients and medication. The goal of BCMA is to make 
sure that patients are receiving the correct medication at the correct time in the correct 
dose by electronically validating and documenting medication in the patient’s record. The 
information encoded in bar-codes allows for the comparison of the medication being 
administered with what was ordered for the patient. BCMA based systems have been 
shown to reduce different types of medication errors in different patient care areas 35-37. 

Information technology-based interventions, the downside
Notwithstanding all the advantages, shortly after the implementation and use of IT-based 
interventions such as CPOE and BCMA in healthcare, studies reported the sometimes 
wrong or ineffective use of these systems in hospitals and also new errors were described 
38-49. These early IT-based systems were error-prone and not always correctly designed 
or implemented in hospitals, not used as instructed or required, or did not fit the daily 
workflow of end-users 38. Schiff et al. 50 analyzed 1.04 million medication errors reported 
in the United States of America (USA) during the years 2003-2010. More than 64.000 of 
them were CPOE related. These IT-related medication errors included missing or erro-
neous computer-label output, wrong dose or strength of the medication, problems with 
the wrong quantity of drugs, scheduling problems, delays in medication processing or 
administration due to confusing orders and wrong drug identity or wrong patient identity. 
Reasons for these errors were found in miscommunication between healthcare workers, 
miscommunication between multiple IT-based systems within the same hospital, inexpe-
rience or lack of training in using the CPOE system, failure to follow protocols, typing and 
juxtaposition errors, and ignoring or over-riding computer alerts and confusion related 
to or arising from comments fields produced by the IT-system. In a review Young et al. 51 
reported mixed results regarding medication errors while using a BCMA system, with three 
studies demonstrating a significant reduction in the incidence of medication administra-
tion errors after implementation of the barcode technology and one study demonstrating 
a significant increase of medication administration errors after implementation of this 
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1IT-based intervention. The majority of the errors in that study were wrong dose and wrong 
time errors when administering drugs to patients. Reasons for these errors were found 
in human and system factors such as insufficient training and nurses performing work-
arounds. 

Workarounds (‘informal temporary practices for handling exceptions to normal workflow’ 
52) can be the source of errors in IT-based systems. Both Niazkhani et al. and Koppel et 
al. 53,54 describe the occurrence and also the hazards of workarounds in using IT-based 
interventions in healthcare. Niazkhani describes various workarounds to overcome sub-
optimal usability of a CPOE and specific organizational factors. Koppel documented 15 
types of workarounds associated with BCMA systems, such as affixing patients’ identifica-
tion barcoded wristbands to computer carts and carrying several patients’ pre-scanned 
medication on carts. More than 31 causes of these workarounds were documented, for 
example, malfunctioning scanners, unreadable or missing patient wristbands, medication 
without a barcode, failing batteries of the IT-system and uncertain and unstable wireless 
connectivity in the hospital. 

By not taking into account the correct and intended use of IT-based interventions; hospi-
tals are at risk of missing out on the expected benefits on medication safety 55-58. Wrong 
or ineffective use of IT-based interventions could induce new and unintentional IT-based 
incidents, potentially resulting in medication errors.

Incidents induced by IT-based interventions aimed to enhance medication safety
It is crucial to gain a better insight into the nature of IT-related incidents caused by these 
new interventions. Nature, causes, and consequences of IT-related incidents are still 
insufficiently studied. Potential reasons may relate to hardware failures or the human-to-
machine interaction, resulting in the wrong or no computer output, wrong interpretation 
of computer output, or user-software related items such as juxtaposition errors. Also, 
miscommunication between different IT-systems in use within the same hospital or not 
performing system required actions or user input by end-users as was reported in recent 
research 59,60 can result in misinterpretation of data potentially resulting in medication 
errors.

A classification system of errors, caused by the use of IT-based systems in healthcare can 
help us to understand their origin and consequences. Magrabi et al. 61,62 developed such a 
system, based on a voluntary incident reporting database across one Australian state and 
IT manufacturer incidents reported to the United States Food and Drug Administration 
(FDA) 63. In the Netherlands, a nationwide reporting system (Central Medication incidents 
Registration (CMR)) collects voluntary reports of medication-related incidents. 
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Data-mining this CMR database for IT-related medication errors could give the opportunity 
to analyze the nature, causes, and consequences of reported medication errors using the 
classification of Magrabi et al. 62. 

This information can be used to develop approaches to avoid IT-based incidents, e.g., 
by developing a better user interface or more and better operational hardware and 
making these systems less error-prone for user input. Besides that, this information helps 
healthcare workers to become aware of potential risks in handling IT-based interventions 
designed to enhance medication safety, in their daily practice.

Factors related to the successful implementation of IT-based interventions 
Adoption of IT-based interventions such as CPOE or BCMA by end-users is a significant 
cause of concern 50,64-76, as is their satisfaction with the IT-based intervention. Lack of adop-
tion or end-user satisfaction could be a threat to the successful use of these interventions 
77. IT-based systems can only realize their full potential if they are used as intended, fitting 
the workflow of the end-users. 

Hospital organizations are not always able to accomplish significant process changes, such 
as the implementation of a CPOE or BCMA system in a short period. In many cases, there 
is insufficient organizational learning capacity in hospitals, lack of leadership and vision 
among stakeholders or support for workflow-changes by end-users 78. So, it is assumed 
that successful use of IT-based interventions is more than overcoming technology barriers 
only 79,80. Factors beyond technology, e.g., support and user satisfaction, are important 
as well. 

The wrong or ineffective use of IT-based interventions in hospitals might be caused by 
poor software implementation or usage of the implemented software, not taking into 
account the end-users’ role and their daily workflow. This phenomenon could lead to a 
lack of system-support or dissatisfaction possibly leading to system misuse and leading to 
unintended IT-related incidents 50,64. Adjustment of implemented IT-based interventions 
frequently happens retrospectively, after users have reported errors. Thus, the retrospec-
tive analysis of errors aids in improving IT-based interventions, but has the disadvantage 
of being carried out after the incident has occurred with all its consequences. 

In contrast, risk analysis before the implementation of an IT-based intervention identifies 
which aspect of the intervention may fail and which impact that failure may have on med-
ication safety 81,82. The prospective Failure Mode and Effects Analysis (FMEA) 83 is believed 
to be a useful tool in identifying risks in the IT-based intervention as CPOE. 
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1Both prospective as retrospective risk analysis may improve the implementation of this 
IT-based intervention and possibly end-user satisfaction. Hence it is possible that a risk 
analysis will contribute to the safer use of IT-based interventions.

Working around the system in using IT-based interventions 
The wrong use of IT-based interventions could be based on workflow barriers or tech-
nology failures such as failing hardware, drained batteries, poor IT-functionality or social 
and personal shortcomings such as insufficient user-training, inadequate and unknown 
user-protocols or protocol awareness. These blockades or obstacles can lead to informal 
user-practices known as workarounds 52,84 in which users seek an opportunity to complete 
their task regardless of the barriers 85-90. A workaround is a (temporary) method for achiev-
ing a task when an instructed, a usual or a planned method is blocked or not working well. 
In the field of information technology, a workaround is often used to deal with hardware, 
programming, design or communication problems. The implications of workarounds in 
the daily use of IT-based interventions on medication safety are unknown, but several 
researchers assume safety incidents due to workarounds 91-93.

Moreover, risk factors associated with the occurrence of workarounds are mostly unknown. 
A variety of risk factors can potentially play a role. For example the nurse’s education and 
experience, the type or route of the medication and the workload of nurses. In a review, 
Debono et al. 94 found both individual and collective workarounds performed by health-
care workers in hospitals and a variety of possible risk factors, related to the organization 
work-process, patient, individual healthcare worker or social/professional factors. 
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AIMS OF THIS THESIS

The studies combined in this thesis aim to increase our understanding of the use of 
IT-based interventions in healthcare to prevent medication errors.

Thesis outline
Chapter 2 gives an overview of measures to increase the safety of medication administra-
tion in hospitals, with a focus on IT-based interventions. 

Chapter 3 describes a study aimed to identify the nature and consequences of IT-re-
lated incidents resulting in medication errors reported to the nationwide Dutch reporting 
system CMR. 

Chapter 4 describes a study into the association of performing prospective and retrospec-
tive risk analysis during the implementation of CPOE, with end-user satisfaction.

In chapter 5 we describe a multicenter prospective study protocol intended to explore 
the association of workarounds with medication administration errors and to determine 
the frequency and type of workarounds and medication administration errors. The study 
also aimed to explore the potential risk factors for workarounds in the barcode-assisted 
medication administration (BCMA) process. 

In chapter 6 we present our findings on the association of workarounds with medication 
administration errors using BCMA to administer drugs to hospital inpatients, and the 
frequency and types of workarounds and medication errors. 

In chapter 7 we report the outcomes of the study on potential risk factors associated with 
workarounds in the BCMA process in hospitals.

This thesis ends with chapter 8 in which the main findings of our studies are summarized 
and discussed in detail. Theoretical and practical suggestions and possible interventions 
are pointed out. Recommendations for future research are put forward. 
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ABSTRACT

Every day thousands of hospital inpatients receive medication. Medication administration 
may be erroneous. This chapter is aimed to provide an overview of strategies for the 
safe administration of medication in hospitals with a focus on Dutch hospitals. Strategies 
include training, double checking procedures, and technological solutions (such as smart 
infusion pumps and barcode-controlled drug administration). Most of the intervention 
studies are small which limits the generalizability of the findings. More work is needed to 
identify the best solutions. 
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INTRODUCTION

Patient safety is an important issue in Dutch hospitals. Preventing unintended and avoid-
able patient harm is a top priority. In 2008, the Safety Management System (Veiligheids 
Management Systeem, VMS) safety program (www.vmszorg.nl) was launched with the aim 
to reduce potential patient harm by 50% focusing on ten areas. In four of them, medica-
tion was the main topic: safe prescribing, safe preparation, and medication verification 
upon patient admission to hospital and discharge, and safe administration of medication, 
particularly high-risk medication.

Medications are administered to thousands of patients daily in Dutch hospitals, mainly 
by nurses. Often these are ready-to-use drugs, such as tablets, capsules, suppositories, 
or liquid medications. In some cases, medications have to be prepared before admin-
istration, for example for an injection. Nurses ensure that medication is taken correctly 
and record the administration in the patient record. During all of these steps, medication 
administration errors can be made. A medication administration error is a deviation in 
the preparation or administration of a drug from a doctor’s prescription, the hospital’s 
intravenous policy, or the manufacturer’s instructions 2. This includes actions necessary 
to prepare the medication for administration (extemporaneous compounding). Table 1 
provides an overview of administration errors and examples. Medication administration 
errors can cause unintended harm to the patient 2. There are a few possibilities to detect 
and prevent an administration error promptly. Unlike prescription errors, where the elec-
tronic prescribing system generates warnings, hospital pharmacists monitor medication, 
and pharmacist’s assistants or nurses check the medication when they are prepared, 
only an attentive patient or a double-check by a second nurse may prevent a medication 
administration error.

Hospitals in The Netherlands have invested in patient safety and medication safety in 
recent years based on the VMS program. The Netherlands Institute for Health Services 
Research (Nederlands Instituut voor onderzoek van de gezondheidszorg, NIVEL) and 
research institute EMGO+ (Institute for Health and Care Research) evaluated the effect of 
the VMS program and noted a reduction in medication-related incidents. Nevertheless, 
medication administration errors remain an important cause of patient harm. Therefore, 
information on ways to improve safe medication administration in hospitals is needed.
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Table 1. Examples of medication administration errors

Medication administration errors Example

Omission Prescribed medicine was not administered

Wrong drug dosage 10 milligrams instead of 100 milligrams

Incorrect administration form Suppository instead of a tablet

Decreased drug quality Expired or an incorrectly stored medicine administered

Extra dosage Extra dose of prescribed medication administered

Wrong drug Lamictal® instead of Lamisil® 

Wrong drug frequency Daily instead of weekly (e. g. methotrexate)

Non-prescribed medicine Giving a medication that is not prescribed

Wrong route of administration Intramuscular instead of intravenous

Wrong technique of preparation Suspension not shaken before administration, non- aseptic preparation

Wrong patient Ms. XY instead of Ms. YX

Wrong speed of administration (Smart)-pump incorrectly set (too fast, too slow) 

Incompatibility of drugs Preparations of iv antibiotics in Total Parenteral Nutrition or iv 
cefuroxime combined with aminoglycosides in the same syringe

Wrong time error Given more than 1 hour before or after the prescribed time

Wrong administration technique Forgotten to remove the air from the syringe before injection

Rapid intravenous bolus Too rapid injection of a medication intended to be injected over a few 
minutes

Wrong solvent Glucose 5% instead of sodium chloride 0.9% in the preparation of 
injections
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SEARCH STRATEGY

In PubMed and Embase, we systematically searched for relevant literature with the fol-
lowing search strategy: (“Medication administration errors”[MeSH Terms] AND “Hospitals” 
[Title/Abstract]) AND (“Intervention” [All Fields]), supplemented by specific terms such as 
“Barcode”,”Aseptic Preparation”,”Wrong Time errors”, “Epidemiology”, “Labelling”. We also 
systematically searched in PubMed and Embase with this search strategy: (“Medication 
safety” [Title/Abstract] AND “Medication administration” [All Fields] AND “Hospitals” [Title/
Abstract]) AND (“Intervention” [MeSH Terms], supplemented by specific terms such as 
“Barcode”, “Aseptic Preparation”, “Time errors”, “Dispensing”, “Epidemiology”, “Labelling”. 
We searched back to 1990. Based on the publications found, we collected additional 
research papers.
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SCALE AND IMPACT OF THE PROBLEM

In the most recent studies on medication administration errors in hospitalized patients, 
the average prevalence is 15.8% (range: 8.3%-24.8%) (Table 2). This range is probably 
due to differences in definitions (e.g., whether or not taking into account the time-win-
dow-errors), calculation of prevalence (different denominators can be used) and the error 
detection method. Tim-window-errors are sometimes excluded because they are con-
sidered less relevant. Settings may also differ between studies. Studies from Intensive 
Care Units and pediatric wards report a high prevalence probably due to errors in the 
preparation of injections and calculations of individual pediatric dosages 3. Research car-
ried out in the United Kingdom shows that 0.6% of medication administration errors in 
hospitals led to severe patient harm 4. Although there is no clear hierarchy, medication 
with a narrow therapeutic index and intravenous administrations are considered to be 
particularly hazardous 5,6.

Table 2. Overview of the reviews on medication administration errors and results performed

First author; 
(reference)

Number of studies 
included (from – till)

Frequency of Medication 
administration errors 
including time errors * 
median; (range)

Frequency of Medication 
administration errors 
excluding time errors * 
median; (range)

Keers et al. (9) 91 (1985 – May 2013) 19.6% (8.6% -28.3%) 8.0% (5.1% - 10.9%)

Berdot et al.(12) 52 (1966 – December 2011) 25.2% (12.1% – 38.4%) 10.5% (7.3% - 21.7%)

* More than one error per medication administration possible
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THE CAUSES OF 
MEDICATION ADMINISTRATION ERRORS

A systematic review of the causes of medication administration errors reports that these 
are often caused by unclear medication regulations, inadequate communication between 
nurses, miscommunication between medical doctors and nurses, drug supply problems, 
disruption of nurses during the medication rounds, unclear procedures, insufficient - 
whether or not competent - nursing staff and stress 7. Patients also play a role: patients are 
asleep, are absent or unidentifiable because they do not wear a wristband or a wristband 
with proper identification 8,9.
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STRATEGIES TO PREVENT 
MEDICATION ADMINISTRATION ERRORS

Overview
Research has been carried out worldwide on strategies to prevent medication admin-
istration errors 7,10. The solutions which have been evaluated mostly are training, 
providing information, and process changes, with or without the use of information 
technology 11.

Training and providing information
A systematic review in which training programs for nurses have compared shows that 
training improves knowledge and skills, leading to a decrease in the number of medi-
cation administration errors 12. The number of medication administration errors after 
giving various types of training (classical, presentations, self-study) decreased from 
30.8% to 4.0%. However, the authors argue that based on these studies, there is no 
scientific evidence to determine which form of training or content contributes most to 
patient safety and a reduction in the number of medication administration errors 12. In 
The Netherlands, the Health Care Inspectorate (Inspectie Gezondheidszorg en Jeugd, 
IGJ) supervises hospitals and sends them, based on incidents voluntarily reported to 
them or incidents observed by them, information to prevent future incidents. In 2015, 
for example, the IGJ sent warning letters to hospitals in The Netherlands about the 
preparation of Propofol® (risk of microbiological contamination) and the administration 
of once weekly dosages of methotrexate (risk of administration of daily dosages) in 
response to severe incidents involving the administration of these drugs to hospital 
inpatients.

Process changes without using information technology 
There are several possibilities to change the process of drug administration, which may 
result in a safer administration of medication. 

Preventing nurse disturbances 
In a review of the association between the occurrence of disruptions in nurses admin-
istering medication and medication administration errors, measures such as wearing 
‘do-not-disturb’ jackets or shirts during the medication rounds proved effective 13. The 
total number of disruptions decreased from 50% to 34%. The total number of medica-
tion administration errors decreased from 16.6% to 2.0% and from 14.6% to 4.2% (after 
12 months and 18 months respectively). Also in studies about (the effects of) nurse dis-
turbances, there were large differences in the way the data was obtained, and different 
definitions were used 13,14. Some measures, such as wearing the ‘do-not-disturb’ jackets 
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or shirts were perceived by more than half (52.3%) of the nurses as confusing, warm and 
difficult to wear 15. Also, nurses considered it their task to be available for patients with 
questions. The ‘do-not-disturb’ jackets and shirts can become ineffective and even coun-
terproductive over time 14.

Double-check
The double-checking system is in use in many hospitals during medication adminis-
tration. A second nurse is involved in the medication preparation and administration 
process, especially of high-risk medications 11. In practice, there is substantial variation 
in how the double-checking is carried out, for example, whether medication is checked 
independently by each of the nurses 16. A capable patient can also perform an extra 
check when receiving medication 4. Whether a ‘double-check’ can prevent medication 
administration errors is unclear because few quantitative studies have been carried 
out. In a review of 16 studies with only two quantitative studies involving medication 
errors, significant reductions in administration errors occurred from 29.8 to 21.2% and 
from 49 to 41% 17.

Labeling
Medication names can be very similar. The incorrect reading of labels that have the same 
appearance or similar names for the medication may be a cause of medication adminis-
tration errors, for example, Lamictal® versus Lamisil®. Adjusting labels can contribute to 
safe medication administration, for example by writing LamicTAL® or LamiSIL®. However, 
there is insufficient evidence that this ‘tall man lettering’ is effective 18. To prevent medi-
cation administration errors, the use of color-coded labels, with or without pictograms, 
has been introduced - especially in high-risk departments such as operating theatres and 
Intensive Care Units 19. Again, evidence to support the introduction of this form of labeling 
throughout the hospital is scarce 20.

Preparation of medication by pharmacy technicians versus nurses
Preparation of intravenous medications by pharmacy technicians rather than nurses is 
effective in reducing the risk of contamination. Research in six Dutch hospitals showed 
large differences in the degree of bacterial contamination between syringes prepared by 
nurses in the ‘clean workspace’ on nursing wards and syringes prepared by pharmacy 
technicians in aseptic units of the hospital pharmacy 21. More of the 650 syringes and 
ampoules prepared by nurses contained micro-organisms (median: 22%; range 7%-44%) 
compared to the syringes and ampoules that were prepared in the hospital pharmacy 
(infected with micro-organisms: 0%-1%, P < .001) 21. Often, the ‘clean workspace’ in the 
nursing ward is not well equipped to prepare intravenously administered drugs. 
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Make or buy
Instead of preparing parenteral medication for administration, the purchase and supply 
of pre-filled syringes and bags (‘prefilled syringes,’ ‘ready-to-use’ or ‘ready-to-administer’) 
can prevent medication administration errors. These types of medication are mainly in 
use in high-risk departments as Intensive Care Units. There are no quantitative studies 
available that demonstrate the prevention of medication administration errors 22. A study 
in five American hospital pharmacies shows that in 9% of intravenous preparations 23 
errors occur. Buying ready-to-use medication may, therefore, be safer.
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THE USE OF INFORMATION TECHNOLOGY

Smart infusion pumps 
Intelligent infusion pumps (‘smart-pumps’) contain a software library of drugs to be used, 
with data for the usual dosage, dilution, and administration rate. Built-in alarms warn 
of erroneous data input or deviations outside the pre-programmed standards. Smart 
infusion pumps can reduce the high prevalence of administration errors in intravenous 
drugs (approximately 48%) 7. Partly because of the price, these pumps are mainly used for 
the administration of high-risk medication and in high-risk departments. Although smart 
pumps may potentially contribute to patient safety, errors caused by incorrect use of the 
pump itself or the software have also been reported in a study 24. Quantitative data on 
reduction of medication administration errors show mixed results, with, in general, no 
significant changes in the number of administration errors 24-27.

Barcoding
Scanning the barcode on the patient’s wristband together with scanning the barcode on 
the drug to be administered (‘bar-code-assisted medication administration’ BCMA) makes 
it possible to maintain a so-called closed-loop system. The nurse scans the medicine and 
wristband at the patient’s bedside, and this information is compared electronically with 
the prescribed medication in the electronic patient record. The administration data are 
recorded in the patient record in real time. Research shows that the number of medica-
tion administration errors (excluding time-window errors) after the introduction of BCMA 
decreased from an average of 8.6% to an average of 5.3% 28. However, BCMA systems 
are not always used as intended, and so-called ‘workarounds’ occur 8. These workarounds 
have been shown to be associated with medication administration errors 29.

Automated dispensing 
Automated dispensing cabinets are sometimes used in high-risk departments. This method 
of working allows faster and safer administration of medication with fewer administration 
errors. However, the impact on administration errors seems to be small. The majority of 
the studies do not report any changes in the number of medication administration errors, 
but a single study shows a decrease in these errors from 8.9 to 7.2% 30. There are also 
mobile automated dispensing cabinets which contain the entire medication ward stock 
in one trolley (‘bedside assortment picking’ BAP) which can be used for the medication 
round. Research in one hospital shows a decrease in medication administration errors 
from 1.65 to 0.84% 31.
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NO RECOMMENDATIONS CAN BE MADE

Scientific research has been carried out in several countries on strategies to improve 
safety in the administration of medication in hospitals. The results of these studies are 
summarized in Table 3. The number of available studies is small, and most of them are 
single-site studies, carried out in one hospital only. Therefore, it is not possible to recom-
mend the best strategies to be implemented in hospitals. However, the introduction of 
information technology seems promising 32,33.

Table 3. Summary of interventions

Intervention First author; 
(reference)

Type 
of 
study

Effect of the intervention

Training Harkanen et 
al. 12 

review Reduction of medication administration errors of 30.8% - 
4%, no type of training is preferred in this reduction

Preventing 
disturbances

Hayes et al. 13

Raban et al. 14

Westbrook et 
al. 15

review
review
study

Reduction of disruptions of 50% - 34% and reduction of 
medication administration errors 16.6% - 2% and 14.6% 
- 4.2%, the effect disappeared, carrying jackets and shirts 
was considered difficult, warm and ineffective.

Double-check Alsulami et al. 17

Schwappach et 
al. 16

review
study

In a limited number of studies in this review a reduction 
of administration errors 29.8% - 21.2% and 49% - 41%, 
much variance in the performance of the double-check

Labeling and label 
color codes

Lambert et al. 18

Merry et al. 22

review
review

Insufficient evidence for Tall Man Letting, color coding 
possible effective in reducing administration errors in 
anesthesiology

Aseptic preparation 
of injectable drugs in 
the central pharmacy

Grafhorst et 
al. 21

study More than 22% less bacterial contamination in prepared 
extemporaneous compounding in the hospital pharmacy 
versus extemporaneous compounding on the nursing 
ward

Pre-Filled-Syringes 
and Ready-To-Use 
preparations instead 
of extemporaneous 
compounding

Merry et al. 22 review Enhances medication safety by preventing 
extemporaneous preparation and by the bar-code on 
the labels

Intelligent 
intravenous pumps 
(smart pumps)

 Ohashi et al. 24 review Reduction of medication administration errors in 
particular running-in speed but when in use, new errors 
were discovered (programming the pumps)

Bar-code medication 
administration

Hassink et al. 28 study Decrease in medication administration errors from 8.6% 
to 5.3% on average (excluding time-window-errors)

Automation / Robots Cottney et al. 30

Ros, de Vreeze-
Wesselink 31

study 
study 

A single study gives a reduction of medication 
administration errors from 8.9% to 7.2%, and in 
research, use of a BAP cart provides a reduction of 
administration errors from 1.65% to 0.84%.
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THE STATUS QUO OF MEDICATION ADMINIS-
TRATION IN HOSPITALS IN THE NETHERLANDS

Dutch hospitals use different ways to supply medication to hospitalized patients. These 
differences concern both the medication distribution system and the available information 
technology. Furthermore, hospitals used various strategies to prevent medication admin-
istration errors. The following are some examples illustrating this. Training and re-training 
for medical doctors and nurses highlighting the safety of the medication, including drug 
administration. Hospitals revised the protocols so that the preparation and administration 
of high-risk medication are subject to ‘double-checking.’ The VMS program offers some 
standard protocols for safe preparation and use of parenterally administered drugs. How-
ever, recent research shows that only a limited number of hospitals have implemented 
these standardized protocols 34. Hospitals use smart infusion pumps in high-risk areas 
such as the operating theatre and the Intensive Care. Some hospitals use automated dis-
pensing in high-risk departments, and a single hospital does this throughout the hospital. 
In commercial companies as well as in a few hospital pharmacies, robots make sterile 
preparations in the form of pre-filled syringes, intended for immediate use, and with a 
shelf-life of several weeks. Such compounding replaces the aseptic preparations done in 
the hospital pharmacy, satellite pharmacies or ward-based ‘clean workspace,’ which have 
a shelf-life of not more than 24 hours. In many Dutch hospitals, medications for individual 
patients are dispensed in the hospital pharmacy or ward-based satellite pharmacies and 
supplied in medication carts. Little comparative research has been carried out on the 
impact of the place of dispensing on administration errors. For example, the impact of 
central dispensing in the pharmacy versus dispensing in the ward-based satellite phar-
macy. Again, we cannot provide conclusive evidence as to which method contributes 
most to medication safety. Information from the Dutch Hospital Pharmacists Association 
(Nederlandse Vereniging van Ziekenhuisapo-thekers, NVZA) shows us that BCMA at the 
bedside is taking place in eight Dutch hospitals. One of these hospitals uses the concept 
of Bedside-Assortment-Picking (BAP). The majority of hospitals use a manual recording 
of medication administration in the hospital information system. Some hospitals in The 
Netherlands work with electronic medication management systems with an integrated 
software program for prescribing, monitoring and administration of medication. One such 
system is MedEye and may be an interesting (partial) solution (https://nl.medeye.io/demo). 
This system consists of a small, portable box that scans each particular medication taken 
from the packaging at the patient’s bedside. MedEye uses image recognition to check the 
medication and dosage. The MedEye-box contains software and a scanning system that 
recognizes, verifies and records medication in the patient record. This system is currently 
being piloted in four Dutch hospitals. MedEye is still too short ‘on the market’ to be able 
to make a scientific statement about the effect of the prevention of medication admin-
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istration errors. Some hospitals in The Netherlands are experimenting with the patient’s 
management of their medication (home prescribed by their family doctor, delivered by the 
local pharmacy and taken to the hospital at admission). The effect of this on medication 
administration errors has also not been investigated.

CONCLUSION

Medication administration errors occur daily in Dutch hospitals. There is much attention 
to preventing these errors. Interventions in the field of training (preparation of intravenous 
medications, training in introducing new techniques), process changes (do-not-disturb 
jackets, labeling) or the introduction of information technology (smart infusion pumps, 
bar-coded drug administration) have been developed or are still under development. 
There is only limited scientific evidence on the effectiveness of these strategies. Studies 
into effective ways to prevent medication administration errors are still needed.
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ABSTRACT

Introduction: Information technology (IT) plays a pivotal role in improving patient safety 
but can also cause new problems for patient safety. This study analyzed the nature and 
consequences of a large sample of IT-related medication incidents, as reported by health-
care professionals in community pharmacies and hospitals. 

Methods: The medication incidents that were submitted to the Dutch Central Medication 
incidents Registration (CMR) reporting system were analyzed from the perspective of the 
healthcare professional with the classification of Magrabi et al. During classification new 
terms were added, if necessary.

Measurements: Descriptive statistics
Main measures: the principal source of the IT-related problem, the nature of the error.
Additional measures: consequences of incidents, IT systems, phases of the medication 
process 

Results: From March 2010 to February 2011 the CMR received 4161 incidents: 1643 
(39.5%) incidents from community pharmacies and 2518 (60.5%) incidents from hospitals. 
Eventually 1 of 6 incidents (16.1%, n=668) were related to IT; in community pharmacies 
more incidents (21.5%, n=351) were related to IT than in hospitals (12.6%, n=317). 
In community pharmacies, 41.0% (n=150) of the incidents were about choosing the 
wrong medicine. Most of the erroneous exchanges were associated with the confusion 
of medicine names and poor design of screens. In hospitals 55.3% (n=187) of the incidents 
concerned human-machine interaction-related input during the use of computerized pre-
scriber order entry (CPOE). These use problems were also a major problem in pharmacy 
information systems outside of the hospital. 

Conclusion: A large sample of incidents shows that many of the incidents are related to 
IT, both in community pharmacies and in hospitals. The interaction between human and 
machine plays a pivotal role in the IT incidents in both settings. 
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INTRODUCTION

In 2001 the Institute of Medicine Committee on the Quality of Health System for the 21st 
Century predicted that Information Technology (IT) would play a pivotal role in improving 
patient safety 1. IT can facilitate access to medical and medication information, assist with 
calculations, perform checks (in real time or afterward), assist with monitoring, and sup-
port communication between healthcare professionals 2-5. In particular, the introduction 
of Computerized Physician Order Entry (CPOE) systems created high expectations for 
enhancing patient safety in drug treatment. Not surprisingly early studies of the introduc-
tion of IT in the healthcare sector-focused only on the benefits of IT tools. For example, 
several studies investigated the implementation of CPOE in hospitals and its effects. Most 
of these studies showed a decrease in prescribing error rates (ranging from 29 to 96%) 
after implementation of CPOE 6. However, it was also found that IT can cause new prob-
lems for patient safety 6-10. An example of an IT-related incident is the juxtaposition error 
in CPOE. In a juxtaposition error, the CPOE users may unintentionally select a wrong item 
or patient because the items are close to each other on the screen 11. Problems may 
also arise from the use of other technology such as health information systems, barcode 
scanning systems, automated dispensing cabinets, printers, and infusion pumps.

To get an insight into such IT-related incidents an instrument for measurement and analy-
sis is needed. In a qualitative and quantitative study in a hospital, Koppel et al. 12 divided the 
incidents into two groups: human-machine interaction-related problems and information 
errors generated by fragmentation of data. With interviews, focus groups, shadowing, and 
observations they identified 22 situations in which CPOE increased the probability of pre-
scribing errors. Magrabi et al. 13 proposed a classification of IT-related incidents based on 
an analysis of patient safety incidents associated with computer use. They analyzed 111 
incidents from hospitals which were derived from a voluntary reporting system in Australia 
to explore the unintended consequences related to IT. In a second study Magrabi et al. 14 
expanded their original classification after analyzing 436 IT manufacturer incidents, which 
had been submitted to the US Food and Drug Administration Manufacturer and User 
Facility Device Experience (MAUDE) database. Manufacturers in the USA are required to 
report medical device malfunction to MAUDE and manufacturers voluntarily report IT-re-
lated incidents to MAUDE. The usefulness of the resulting classification across different 
healthcare settings has yet to be tested. This study therefore aimed at the analysis of the 
nature and consequences of a large sample of IT-related medication incidents, as reported 
by Dutch healthcare professionals in community pharmacies and hospitals, using the most 
recently adapted version of the classification of Magrabi et al. 14.
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METHODS

Setting 
In The Netherlands, there were 93 hospitals and 1,997 community pharmacies in 2012 
15,16. Hospitals and community pharmacies have a long history of implementing IT tools, 
and both have started in 2006 and 2010 respectively to report their medication incidents 
to a nationwide Dutch reporting system: Central Medication incidents Registration (CMR) 
17,18. The general picture is as follows, all hospital pharmacies and community pharmacies 
nowadays have a computer system for entering prescriptions. CPOE is not yet fully imple-
mented in all hospitals. In a recent study using questionnaires, CPOE was used or being 
implemented by 64 of these 72 responding hospitals. In these hospitals, ten different 
CPOE systems were used 16. All primary care physicians use CPOE and electronic medical 
records. Despite the use of CPOE by primary care physicians, not all prescriptions can be 
transmitted electronically to the pharmacy, because of a lack of system connectivity. Both 
hospitals and community pharmacies have integrated clinical decision support systems in 
their IT systems. The pharmacy staff generally uses barcode scanning during dispensing. 
Compounding is generally supported by electronic protocols and in-process controls (e.g., 
checking of batch numbers, monitoring the correct type and amount of ingredients with 
barcode scanning and linked weighing balances).

Data source
For this study, we used a subset of the reported medication incidents that were sent by 
hospitals and community pharmacies to the Dutch CMR database from March 2010 to 
February 2011. These incidents had been already analyzed for a general study about the 
CMR. The collection and analysis of the incidents are exempt from medical ethical approval 
by the Dutch Clinical Trial law as it does not compromise the integrity of patients. All data 
were handled according to the privacy legislation in The Netherlands 18.

Identification of relevant incidents: development of a search tool
A string of search terms referring to IT was developed for identifying text fragments in the 
free text description. An initial set of terms was derived from the literature and adapted 
on the basis of the experiences of members of the research team (KCC, PDS) with the 
weekly screening of incidents to the CMR 18. This initial set of terms was applied to a set of 
100 incidents that had been randomly selected from the database. The same set of 100 
incidents was also analyzed manually by researcher KCC. The researcher read the free 
text description and decided for each report whether the incident was related to IT (see 
Appendix A for the chapters and items on the CMR reporting form). Both selections (after 
applying the set of search terms and after manual analysis) were compared, on the basis 
of which the set of terms was adapted. Eventually, this process was iterated five times until 
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no new terms emerged. To check this set of terms, a second researcher (WVN) followed 
the same iterative method, and if necessary, the set of terms was expanded with new 
terms. Researcher WVN applied the set of terms once to a different set of 100 incidents 
and manually checked these for comparison. The final set of search terms consisted of 
unique 121 items, and some words were repeated in misspellings or a part of the word 
(see Appendix B for the list of 121 search terms).

Identification of relevant incidents: application of the search tool
The final set of search terms was applied to the CMR incidents that had been reported 
in the period of March 2010 up to February 2011. The incidents thus identified were 
independently reviewed by two researchers (KCC and WVN). They selected incidents if 
they perceived that technology had somehow contributed to the incident. The resulting 
incidents were subsequently divided into three groups:
•	 both researchers assessed that the incident was suitable for inclusion
•	 both researchers assessed that the incident was not suitable for inclusion (exclusion)
•	 one or both researchers had doubts about the suitability of the incident
The latter category of incidents was reviewed by a third researcher (PDS) to make a final 
decision on inclusion or exclusion. 

After reviewing duplicate incidents were removed (seven incidents from community pharma-
cies and one incident from hospitals). During analysis, our insight into IT incidents deepened, 
and eventually, we removed six incidents because they had been mistakenly selected initially 
(one incident from community pharmacy and five incidents from hospitals).

Classification of relevant incidents
The two researchers (KCC, WVN) analyzed and classified 200 incidents together to become 
accustomed to the analyzing method and with the axes of the most recent Magrabi classi-
fication, which was published in 2012 14. The remaining incidents were then independently 
analyzed and classified by the two researchers. They subsequently came together to com-
pare their results and to reach consensus in the classification of the incidents. If an incident 
described more than one IT-related incident, the researchers classified all the problems 
separately. For the incidents which were independently analyzed, the percentages of the 
agreement were calculated. The percentages of agreement were calculated for the two 
axes (the principal source of the IT-related problem and the nature of the error) and the 
additional category IT system and phases of the medication process. Within the incidents 
from community pharmacies, the percentages of agreement ranged from 85.8% to 93.3% 
and within hospital incidents from 52.7% to 80.0%. For both the community pharmacies 
and the hospitals the percentages of agreement were lowest for the axis of the nature 
of the error. 
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This classification consists of two axes: the principal source of the IT-related problem 
(‘machine-related error’ or ‘human-machine interaction related error’) and the nature of 
the error (problem). Magrabi et al. subdivide the latter axis (the nature of the error) into 
incidents related to input (data entry), to output (data retrieval), and to transfer (trans-
fer of data between systems). In addition, Magrabi et al. had two separate items in the 
classification which were not linked to input, transfer or output (Contributing factors and 
General technical). The contributing factors were not strictly related to IT, and we did not 
find examples in our analysis. The general technical terms were rearranged during our 
classification and linked to input, transfers or output. In total the Magrabi classification 
consists of 32 preferred terms, e.g., wrong input, (machine) not alerted, data loss, etcetera. 
During the classification of the CMR incidents, new preferred terms were added, if the 
Magrabi classification could not cover the incident adequately. For the axis ‘nature of the 
error,’ the two researchers maintained the subdivision input, transfer, and output. The 
preferred term ‘wrong input’ was elaborated by adding nine new preferred subterms: 
wrong patient; wrong medicine; wrong dose; wrong duration of therapy; wrong time of 
administration; wrong pump speed; wrong prescriber; duplicate input; and other wrong 
input. An extra subdivision of five preferred terms for wrong medicine was considered 
necessary to classify the incidents in sufficient detail. For the preferred term ‘Not done’ 
two new preferred sub terms were added. The researchers also added five new preferred 
terms in the subdivision output (data retrieval) and two new terms in the subdivision 
transfer (data of transfer) (See table 1 and figure 1).

After categorizing the IT incidents using the Magrabi classification as described above, 
further characterization of the incidents was performed by designating the IT related 
problem to the IT system involved (table 2) and the specific phase of the medication 
process into which the medication incident had occurred (table 3). Information about the 
consequences of the incidents was collected directly from the incident report forms (see 
Appendix A for the chapters and items on the CMR reporting form).
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RESULTS

Identification of relevant incidents.
In the period of March 2010 up to February 2011, the CMR received 4161incidents. Health-
care providers working in community pharmacies submitted 1643 (39.5%) incidents and 
those in hospitals submitted 2518 (60.5%) incidents. The set of IT-related search terms 
yielded 624 incidents from community pharmacies and 877 incidents from hospitals. After 
reviewing by two researchers (KCC, WVN), 16.1% (668/4161) of all CMR incidents were 
somehow related to technology. In the batch of incidents from the community pharmacies, 
21.5% (351/1636) of the incidents was related to technology, and in the batch from the 
hospitals, this percentage was 12.6% (317/2517). The researchers (KCC, WVN) extracted 
365 problems from the 351 community pharmacy incidents and 338 problems from the 
317 hospital incidents (see Appendix C for the flowchart of this process). 

Consequences of incidents
Community pharmacies reported 167 (47.6%) incidents which had reached the patient. 
Most of these incidents (82.0%, n=137) were harmless to the patient, 12.0% (n=20) inci-
dents caused minimal harm, 2.4% (n=4) caused serious temporary harm, and for 6 (3.6%) 
incidents, the outcome for the patient remained unknown. In the hospitals 193 (60.9%) 
incidents reached the patient; 46.6% (n=90) of these 196 incidents were harmless to the 
patient, 23.8% (n=46) incidents caused minimal harm, 8.3% (n=16) incidents caused seri-
ous temporary harm, 2 (1.0%) incidents were associated with the death of a patient, and 
for 20.2% (n=39) of the incidents the outcome was unknown. 

Classification of relevant incidents
Table 4 shows a combination of two axes, namely the principal source of the IT-related 
problem and the nature of the error (only subdivided as input, transfer, and output). Most 
of the incidents were classified as human-machine interaction-related incidents. 

In the community pharmacies 92.9% (n=339) of all the incidents concerned interactions 
between human and IT system. Table 4 shows that most problems (79.7%, n=291) were 
classified as human-machine interaction-related input (data entry). A relatively common 
problem was a healthcare provider choosing the wrong patient while entering the pre-
scription into the pharmacy computer system. 

Fewer problems (85.8%, n=290) reported from hospitals belonged to an interaction 
between a human and machine. Within this group, the data entry (input) was the most 
classified problem, and 16.6% (n=56) of the incidents was classified as human-machine 
interaction-related output. Most of these incidents were about unclear printouts. 
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Nature of the errors
The axis of the nature of the errors ultimately comprised 28 preferred terms (see table 
1 and figure 1). 

In community pharmacies, 41.0% (n=150) of the incidents was about choosing the wrong 
medicine. Most of the erroneous exchanges were caused by confusion of medicine names 
and poor design of screens. The second most frequent problem was choosing the wrong 
patient. In community pharmacy incidents related to output (data retrieval) were not 
common.

A quarter (25.1%, n=85) of the incidents in hospitals dealt with healthcare providers who 
did not enter (‘not done by human’) data in the systems (e.g., CPOE). It was not always clear 
why the physicians did not enter the prescription(s) into the CPOE. The incidents classified 
to ‘output unclear’ concerned problems with printouts of medication lists for administra-
tion. The machine-related output incidents in hospitals were about printers with technical 
malfunction so that nurses could not print out medicine lists anymore. 

IT system
The IT system category consisted of 12 different IT systems (see table 2). Most IT systems 
were used in hospitals and community pharmacies, but some IT systems (infusion pumps) 
were only mentioned in the incidents from hospitals. Sometimes systems were linked to 
each other, e.g., a printer connected to a computer with a software program (CPOE or 
pharmacy information system). In the hospital, the CPOE was generally linked to the phar-
macy information system so that physicians, pharmacists, and nurses could use the same 
system for prescribing, dispensing and administration. In the community pharmacies, the 
pharmacy information system and the pharmacy barcode scanning systems were linked to 
each other. Clinical decision support systems are always incorporated into CPOE systems 
or pharmacy computer systems. In this study, we classified all incidents concerning clinical 
decision support as CPOE or pharmacy information system. 

In community pharmacies, 74.0% (n=270) of the incidents were related to the pharmacy 
information system and concerned human-machine interaction-related input. Other 
incidents with the pharmacy information systems were related to human-machine inter-
action-related output (9.9%, n=36), and machine-related output (3.6%, n=13). In the 
machine-related output, a pharmacy information system gave incorrect and confusing 
advice to the pharmacy assistant. 
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In hospitals, the CPOE was the most frequently implicated IT system and 55.3% (n=187) 
of the incidents concerned human-machine interaction-related input in combination 
with CPOE. 9.2% (n=31) of the incidents concerned CPOE and human-machine inter-
action-related output. One example was a large-scale malfunction of the CPOE, during 
which physicians and nurses could not reach the system anymore. Physicians and nurses 
could not prescribe or administer. Incidents with pharmacy information systems were not 
so frequent but when they occurred most of them concerned human-machine interac-
tion-related input (5.6%, n=19).

Phases of the medication process 
Table 3 shows the classification of problems into the different phases of the medication 
process. 

In community pharmacies, 88.2% (n=322) of the incidents occurred during the entering of 
prescriptions into the pharmacy information system. Obviously, all incidents in this phase 
were related to the pharmacy information systems. 

In hospitals 66.6% (n=225) of the incidents occurred during the prescribing process, the 
second place was taken by the administration phase (24.3%, n=82). In the prescribing 
phase, the CPOE had a prominent position (63.6% (n=215) of all incidents). The CPOE also 
played a role in the administration phase (10.1% (n=34) of all incidents). Most of these 
latter incidents related to the printing of medication lists, e.g., physicians forgot to print 
the list after entering prescriptions into the CPOE. Incidents in the transcription phase, 
patient monitoring phase, and storages and logistics were hardly reported from hospitals 
and community pharmacies. 



Chapter 3

52

Table 1. Nature of the errors

Source Problems in 
community pharmacies

N (%)

Problems in 
hospitals

N (%)

Examples of incidents in community pharmacies (CP) and hospitals (H)

Data entry and record manipulation

No input

Not done*

Not done by human* 9 (2.5) 85 (25.1) -  The pharmacist received an e-mail with a prescription; due to an unknown reason the pharmacist assistant did 
not enter the prescription into the system. (CP)

-  After the ward round the physician forgot to enter the prescriptions into the CPOE. (H)
-  The physician was not familiar with CPOE and could not order the medicine with the CPOE. (H)

Not possible to import record$ - 8 (2.4) -  Rifampicin was not listed in the CPOE. The consequence was that the physician could not order rifampicin in the 
CPOE. (H)

Not possible to change predefined record$ - 2 (0.6) -  The physician could not change the infusion rate of a predefined antibiotic order in the CPOE. (H)

Wrong input*

Wrong medicine$

Wrong identity medicine$ 49 (13.4) 12 (3.6) -  The pharmacist assistant entered ‘CHLOO25’ in the system and accidentally chose chlortalidone 25 mg instead of 
chlordiazepoxide 25 mg on the screen. (CP)

Wrong dosage form$ 26 (7.1) 6 (1.8) -  An erroneous exchange between immediate release tablet and slow release tablet. The pharmacist assistant chose 
the wrong medicine from the list, which was presented by the pharmacy information system. (CP)

Wrong route of administration$ 1 (0.3) 1 (0.3) -  For eye drops the right eye was entered in the pharmacy information system instead of the left eye. (CP)

Wrong strength of product$ 72 (19.7) 17 (5.0) -  The pharmacy dispensed sifrol 3.75 mg instead of 0.375 mg. (CP)

Selected medicine not available$ 2 (0.5) - -  The general practitioners repeated a prescription, and the original identification record was canceled. In the 
community pharmacy, this repeat record cannot be recognized by the pharmacy information system. (CP)

Wrong patient$ 54 (14.8) 18 (5.3) -  Pharmacist assistant used the date of birth to find a patient in the system. After entering the date of birth, a list of 
patient names with the same day of birth was shown on the screen. A wrong patient was selected due to a poor 
design of screens. (CP)

-  At the ward, there were two patients with the same family name. The physician selected the wrong patient on the 
screen of the CPOE and entered a prescription for the wrong patient. (H)

-  The physician entered a prescription into CPOE for a one-day-old newborn. During dispensing the pharmacist 
technician noticed the birthday and called the ward. During the call, they discovered the medicine should have 
been prescribed to the mother. (H)

Wrong dose / frequency$ 47 (12.9) 23 (6.8) -  A pharmacist duplicated a record in the system and accidentally repeated an outdated dose in this process. (CP)

Wrong duration of therapy/quantity of the medicine$ 13 (3.6) 3 (0.9) -  The pharmacist assistant entered 10 tablets of ondansetron 8 mg instead of 30 tablets of ondansetron. (CP)

Wrong time of administration$ 2 (0.5) 23 (6.8) -  Wrong time of administration was entered into the CPOE. The patient needed the medicine around 12:00h and the 
time of administration in the CPOE were 14:00h. (H)

Wrong infusion pump rate$ - 21 (6.2) -  The rate of an infusion pump was accidentally set wrongly. Due to the low infusion pump rate, the patient received 
only half of the dose. (H)

Wrong prescriber$ 5 (1.4) 1 (0.3) -  The pharmacist assistant entered the wrong code of the prescriber into the pharmacy information system. (CP)

Duplicate input$ 8 (2.2) 10 (3.0) -  The pharmacist assistant entered the prescription two times in the pharmacy information system. (CP)
-  The physician entered the same medicine twice into the CPOE. (H)

Other wrong input$ 6 (1.6) 12 (3.6) -  The physician entered diclofenac into the CPOE for a patient for whom diclofenac was contraindicated. (H)

Failure to communicate after input* - 5 (1.5) -  The physician entered the medication order into the CPOE, but he forgot to brief the nurses about the new 
medication. (H)
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Table 1. Nature of the errors

Source Problems in 
community pharmacies

N (%)

Problems in 
hospitals

N (%)

Examples of incidents in community pharmacies (CP) and hospitals (H)

Data entry and record manipulation

No input

Not done*

Not done by human* 9 (2.5) 85 (25.1) -  The pharmacist received an e-mail with a prescription; due to an unknown reason the pharmacist assistant did 
not enter the prescription into the system. (CP)

-  After the ward round the physician forgot to enter the prescriptions into the CPOE. (H)
-  The physician was not familiar with CPOE and could not order the medicine with the CPOE. (H)

Not possible to import record$ - 8 (2.4) -  Rifampicin was not listed in the CPOE. The consequence was that the physician could not order rifampicin in the 
CPOE. (H)

Not possible to change predefined record$ - 2 (0.6) -  The physician could not change the infusion rate of a predefined antibiotic order in the CPOE. (H)

Wrong input*

Wrong medicine$

Wrong identity medicine$ 49 (13.4) 12 (3.6) -  The pharmacist assistant entered ‘CHLOO25’ in the system and accidentally chose chlortalidone 25 mg instead of 
chlordiazepoxide 25 mg on the screen. (CP)

Wrong dosage form$ 26 (7.1) 6 (1.8) -  An erroneous exchange between immediate release tablet and slow release tablet. The pharmacist assistant chose 
the wrong medicine from the list, which was presented by the pharmacy information system. (CP)

Wrong route of administration$ 1 (0.3) 1 (0.3) -  For eye drops the right eye was entered in the pharmacy information system instead of the left eye. (CP)

Wrong strength of product$ 72 (19.7) 17 (5.0) -  The pharmacy dispensed sifrol 3.75 mg instead of 0.375 mg. (CP)

Selected medicine not available$ 2 (0.5) - -  The general practitioners repeated a prescription, and the original identification record was canceled. In the 
community pharmacy, this repeat record cannot be recognized by the pharmacy information system. (CP)

Wrong patient$ 54 (14.8) 18 (5.3) -  Pharmacist assistant used the date of birth to find a patient in the system. After entering the date of birth, a list of 
patient names with the same day of birth was shown on the screen. A wrong patient was selected due to a poor 
design of screens. (CP)

-  At the ward, there were two patients with the same family name. The physician selected the wrong patient on the 
screen of the CPOE and entered a prescription for the wrong patient. (H)

-  The physician entered a prescription into CPOE for a one-day-old newborn. During dispensing the pharmacist 
technician noticed the birthday and called the ward. During the call, they discovered the medicine should have 
been prescribed to the mother. (H)

Wrong dose / frequency$ 47 (12.9) 23 (6.8) -  A pharmacist duplicated a record in the system and accidentally repeated an outdated dose in this process. (CP)

Wrong duration of therapy/quantity of the medicine$ 13 (3.6) 3 (0.9) -  The pharmacist assistant entered 10 tablets of ondansetron 8 mg instead of 30 tablets of ondansetron. (CP)

Wrong time of administration$ 2 (0.5) 23 (6.8) -  Wrong time of administration was entered into the CPOE. The patient needed the medicine around 12:00h and the 
time of administration in the CPOE were 14:00h. (H)

Wrong infusion pump rate$ - 21 (6.2) -  The rate of an infusion pump was accidentally set wrongly. Due to the low infusion pump rate, the patient received 
only half of the dose. (H)

Wrong prescriber$ 5 (1.4) 1 (0.3) -  The pharmacist assistant entered the wrong code of the prescriber into the pharmacy information system. (CP)

Duplicate input$ 8 (2.2) 10 (3.0) -  The pharmacist assistant entered the prescription two times in the pharmacy information system. (CP)
-  The physician entered the same medicine twice into the CPOE. (H)

Other wrong input$ 6 (1.6) 12 (3.6) -  The physician entered diclofenac into the CPOE for a patient for whom diclofenac was contraindicated. (H)

Failure to communicate after input* - 5 (1.5) -  The physician entered the medication order into the CPOE, but he forgot to brief the nurses about the new 
medication. (H)
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Table 1. Continued

Source Problems in 
community pharmacies

N (%)

Problems in 
hospitals

N (%)

Examples of incidents in community pharmacies (CP) and hospitals (H)

Data retrieval

No output

System slow/down* - 14 (4.1) -  Physicians and nurses could not reach the CPOE because there was a large-scale IT malfunction. (H)
-  The nurse did not administer the antibiotic because the printer was ‘down’ and she could not print out the 

medication administration list. (H)

Not done by human (did not look)* 14 (3.8) 11 (3.3) -  The pharmacist assistant did not look into the notes of the patient file and missed the information that the patient 
needed a home delivery of the medicine. (CP)

-  Nurses did not realize the physician had entered a note in the electronic patient file and thereby missed the 
administration of an antibiotic. (H)

Not alerted / No output* 9 (2.5) 7 (2.1) -  A cardiologist accidentally prescribed a high dose of flecainide for a patient in primary care and the pharmacy 
computer system did not alert the community pharmacist about it. There was no alert because formally it was not 
an overdose, but according to the cardiologist, the dose was too high for the patient in the primary care. There 
should have been an alert. (CP)

Wrong output

Output error* 5 (1.4) 9 (2.7) -  The infusion pump alerted the nurses too late about an obstruction in the tube. (H)

Unclear output

Different output online & printed$ 1 (0.3) 2 (0.6) -  In the CPOE the nurse read that the aspirin needed to be administered with a high loading dose, but on the paper-
based medication list, the information about the high loading dose was missing. (H)

Differences between two files$ - 3 (0.9) -  In the CPOE the nurse read from the medication list that the patient needed tolbutamide. In a separate memo field 
in the CPOE the nurse read that tolbutamide should not be administered to the patient. (H)

Other unclear output$ 6 (1.6) 35 (10.4) -  A community pharmacist printed out a medication list for a patient going to the hospital. The print out was 
unclear, and the consequence was that a physician in the hospital misinterpreted this medication list. He thought 
the patient only used 50 mg losartan per day instead of 2 times 50mg. (CP)

-  A nurse administered 5 times more bisoprolol than prescribed. On the medication list, she read that the patient 
needed bisoprolol and on the list, the number 5 was printed without a unit (mg or tablet). Eventually, she 
administered 5 tablets of bisoprolol 5 mg to the patient. (H)

-  The nurse missed a new prescription order because the printer had printed out all the orders at once with the new 
prescriptions at the bottom of the pile of paper (even after orders that had already been stopped). (H)

Failure to react on signal$ 29 (7.4) 5 (1.5) -  Due to alert fatigue, a pharmacist assistant overruled the signal from the pharmacy bar code scanning system 
that the wrong medicine had been chosen. (CP)

-  The general practitioner ignored a drug-drug-interaction signal. (CP)
-  The infusion pump made an alarm sound. The nurse could not identify the problem and eventually switched off 

the alarm of the infusion pump. (H)
-  A pharmacist assistant did not respond correctly to alerts of the pharmaceutical clinical decision support system, 

such as allergy warnings or drug-drug-interaction warnings. For example, an order for a cephalosporin was 
executed despite an alert for an allergy. (H)

Other output$ 2 (0.5) 1 (0.3) -  For dispensing the pharmacist assistant printed out a list, which was not up-to-date anymore. (H)

Data transfer

Mistranslation of data between 2 systems$ 4 (1.1) - -  An incomplete transfer of an e-prescription between the computers of the general practitioner and the community 
pharmacist. The information about the brand of the medicine was missing. (CP)

No data transfer between 2 systems$ 3 (0.8) 4 (1.2) -  A physician could not use the CPOE because of a technical malfunction in the connection between the CPOE and 
the medical record system in the hospital. (H)

* = this preferred term was also available in the Magrabi Classification
$ = this preferred term is new 
CP = Community pharmacies H = Hospitals
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Table 1. Continued

Source Problems in 
community pharmacies

N (%)

Problems in 
hospitals

N (%)

Examples of incidents in community pharmacies (CP) and hospitals (H)

Data retrieval

No output

System slow/down* - 14 (4.1) -  Physicians and nurses could not reach the CPOE because there was a large-scale IT malfunction. (H)
-  The nurse did not administer the antibiotic because the printer was ‘down’ and she could not print out the 

medication administration list. (H)

Not done by human (did not look)* 14 (3.8) 11 (3.3) -  The pharmacist assistant did not look into the notes of the patient file and missed the information that the patient 
needed a home delivery of the medicine. (CP)

-  Nurses did not realize the physician had entered a note in the electronic patient file and thereby missed the 
administration of an antibiotic. (H)

Not alerted / No output* 9 (2.5) 7 (2.1) -  A cardiologist accidentally prescribed a high dose of flecainide for a patient in primary care and the pharmacy 
computer system did not alert the community pharmacist about it. There was no alert because formally it was not 
an overdose, but according to the cardiologist, the dose was too high for the patient in the primary care. There 
should have been an alert. (CP)

Wrong output

Output error* 5 (1.4) 9 (2.7) -  The infusion pump alerted the nurses too late about an obstruction in the tube. (H)

Unclear output

Different output online & printed$ 1 (0.3) 2 (0.6) -  In the CPOE the nurse read that the aspirin needed to be administered with a high loading dose, but on the paper-
based medication list, the information about the high loading dose was missing. (H)

Differences between two files$ - 3 (0.9) -  In the CPOE the nurse read from the medication list that the patient needed tolbutamide. In a separate memo field 
in the CPOE the nurse read that tolbutamide should not be administered to the patient. (H)

Other unclear output$ 6 (1.6) 35 (10.4) -  A community pharmacist printed out a medication list for a patient going to the hospital. The print out was 
unclear, and the consequence was that a physician in the hospital misinterpreted this medication list. He thought 
the patient only used 50 mg losartan per day instead of 2 times 50mg. (CP)

-  A nurse administered 5 times more bisoprolol than prescribed. On the medication list, she read that the patient 
needed bisoprolol and on the list, the number 5 was printed without a unit (mg or tablet). Eventually, she 
administered 5 tablets of bisoprolol 5 mg to the patient. (H)

-  The nurse missed a new prescription order because the printer had printed out all the orders at once with the new 
prescriptions at the bottom of the pile of paper (even after orders that had already been stopped). (H)

Failure to react on signal$ 29 (7.4) 5 (1.5) -  Due to alert fatigue, a pharmacist assistant overruled the signal from the pharmacy bar code scanning system 
that the wrong medicine had been chosen. (CP)

-  The general practitioner ignored a drug-drug-interaction signal. (CP)
-  The infusion pump made an alarm sound. The nurse could not identify the problem and eventually switched off 

the alarm of the infusion pump. (H)
-  A pharmacist assistant did not respond correctly to alerts of the pharmaceutical clinical decision support system, 

such as allergy warnings or drug-drug-interaction warnings. For example, an order for a cephalosporin was 
executed despite an alert for an allergy. (H)

Other output$ 2 (0.5) 1 (0.3) -  For dispensing the pharmacist assistant printed out a list, which was not up-to-date anymore. (H)

Data transfer

Mistranslation of data between 2 systems$ 4 (1.1) - -  An incomplete transfer of an e-prescription between the computers of the general practitioner and the community 
pharmacist. The information about the brand of the medicine was missing. (CP)

No data transfer between 2 systems$ 3 (0.8) 4 (1.2) -  A physician could not use the CPOE because of a technical malfunction in the connection between the CPOE and 
the medical record system in the hospital. (H)

* = this preferred term was also available in the Magrabi Classification
$ = this preferred term is new 
CP = Community pharmacies H = Hospitals
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Table 2: Overview of the IT systems involved

IT systems Involved in the problems in:

community pharmacies
N (%)

 hospitals
N (%)

Automated dispensing cabinets (ADC) 2 (0.5) -

Computerized physician order entry (CPOE) 21 (5.8) 250 (74.0)

Order system website# 1 (0.3) -

Electronic health record - 21 (6.2)

Fax - 1 (0.3)

Infusion pump - 27 (8.0)

Laboratory diagnostic analyzer$ - 1 (0.3)

Medication administration registration - 5 (1.5)

Pharmacy bar code scanning system 13 (3.6) -

Pharmacy information system 326 (89.3) 28 (8.3)

Prescription scanner& 1 (0.3) -

Printer 1 (0.3) 5 (1.5)

# website used by pharmacies to purchase medicine
$ automatic devices used by diagnostic laboratories to analyze blood, urine, etc.
& community pharmacies scan the prescriptions after dispensing to archive the prescriptions digitally

Table 3: IT problems in the different phases of the medication process

Phase in the medication process Problems in 
community pharmacies

N (%)

Problems in 
hospitals 

N (%)

Prescribing 23 (6.3) 225 (66.6)

Transcription - 2 (0.6)

Entering of prescriptions into the pharmacy 
information system$

322 (88.2) 22 (6.5)

Compounding - -

Dispensing 16 (4.4) 4 (1.2)

Administration - 82 (24.3)

Patient monitoring - 3 (0.9)

Storage and logistics 4 (1.1) -
$ This is including pharmaceutical clinical decision support
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DISCUSSION

Our study is the first research on the nature and frequency of medication incidents related 
to IT in a large sample of IT-related incidents reported by healthcare providers in commu-
nity pharmacies and hospitals. We found that 1 of 6 reported incidents (16.1%, n=668) 
was related to IT and that more incidents were related to IT in the community pharmacies 
(21.5%, n=351) than in hospitals (12.6%, n=317). As far as we know, this is also the first 
study analyzing medication incidents related to all kinds of IT systems, thereby showing 
the pivotal role of CPOE and pharmacy information system in medication incidents. 

Within the Magrabi classification, we expanded the ‘input’-group with a subdivision to 
make the incidents more specific and concrete. Magrabi et al. 14 primarily chose an IT 
perspective, which seems especially important for IT professionals who develop health-
care-related IT systems. Our angle was guided by the proposal of Sittig and Singh 19 to 
define IT incidents not only from the technical viewpoint of manufacturers, developers, 
and vendors but also from the social-technical viewpoint of end users. The underlying 
principle is that healthcare providers wish to learn about IT-related risks by considering 
when and what they can do wrong with what type of IT system. We analyzed the incidents 
with a healthcare provider’s perspective, and we combined it with the technical items. 
Eventually, we related the technical items to input or output problems. Magrabi et al. 14 
also had ‘Contributing factors’ which consisted of organizational or individual’s causes of 
incidents. We were focused on the nature of the incident, and we did not use these items. 
Interestingly, our study showed that the input problems occurring with CPOE also occurred 
with pharmacy information systems outside of the hospital. Most studies that we found 
were about the impact of CPOE, and there were no studies about the impact of pharmacy 
information systems 6-10. Despite the use of CPOE in primary care many the community 
pharmacists still need to enter the prescriptions manually into their pharmacy information 
systems. One of the reasons is that generally not all prescriptions can be electronically 
transmitted from the CPOE system to the pharmacy information system.

Although frequencies have to be interpreted carefully in this study, it is interesting to com-
pare our results with those of other studies. In their first study, Magrabi et al. 13 identified 
111 incidents from a database with 42.616 incidents (0.3%, n=111) and in the second study 
678 incidents were selected from a database with 899.768 incidents (0.1%, n=678) 14. IT 
was much more frequently involved in our sample of incidents. One reason may be that 
the latter consisted entirely of medication incidents. Another contributory factor could be 
the long history of implementing IT tools in Dutch healthcare. Since the 1970s, community 
pharmacists have applied IT in their daily practice (followed later by primary care physicians) 
17. In hospitals, the shift from a paper-based to a computerized system began ten years later. 
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In the first study of Magrabi et al. 13, 45% (n=53) of the incidents were human-machine 
interaction-related problems (13). In their second study, this number was lower, and only 
4% (n=30) were human-machine interaction-related problems 14. The MAUDE database 
contains incidents from manufacturers in the USA, and probably these incidents were 
more focused on pure IT aspects (only machine-related problems), such as software prob-
lems. In contrast, our study showed that the majority of the incidents were human-machine 
interaction related. Healthcare providers reported directly to CMR, and although it may be 
difficult for them to identify the underlying technical causes of IT-related incidents, they 
can readily recognize the nature and clinical consequences of such incidents. The predom-
inance of incidents concerning data entry and record manipulation (input) is in line with 
the results of Magrabi et al. 13, which classified 31% (n=36) of the incidents as information 
input problems. A USA national voluntary medication error-reporting database showed 
comparable CPOE input problems. Half of the incidents involved dosing errors such as 
the wrong doses 20. Zhan et al. 20 concluded that CPOE-related medication errors are not 
only caused by faulty computer interfaces but also by common use, errors such as typing 
errors. Most studies about CPOE have shown comparable input problems 6,8,12,21-23.

Our low proportion of transfer problems was in contrast with Magrabi et al., which clas-
sified 20% (n=23) of all incidents as transfer problems in their first study. Magrabi et al. 13 
classified incidents related to computer network, systems integration issues and inacces-
sibility of systems from as little as 15 min to as long as 8 hours, as information transfer 
problems. In their second study, however, only a small proportion of problems (2%, n=13) 
was related to the transfer of information 14. With the healthcare provider’s perspective, 
we focused on how the problems affected the work processes and eventually incidents 
were classified as input or output problems. This could explain our low proportion of 
transfer problems. We only assigned two types of transfer problems: ‘mistranslation of 
data’ and ‘no data transfer.’ These kinds of problems were also mentioned in a literature 
study about the transferring and displaying pathology data in electronic health records 24.

Strengths and Limitations
The main strengths of this study were the comparison between the different health care 
settings and the high number of incidents, as well as the use of a classification system 
that is in accordance with the healthcare provider’s perspective. This study proved that 
one classification could be used for both settings. 

For this study, we analyzed a large number (668) of incidents from community pharma-
cies and hospitals. Lewis 25 states in an article about post-marketing surveillance that the 
number of studied drug users must be three times as high as the frequency of an ADR 
(adverse drug reaction) to have 95% chance that the reaction will occur in the study pop-
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ulation. For instance, 300 subjects have to be studied to have 95% confidence to detect 
an ADR with an incidence of 1 in 100 26. This means that the number of analyzed incidents 
in our study was more than sufficient to get an insight into the most frequent unintended 
consequences associated with IT incidents.

Table 4: Principal source of IT-related problem and nature of the error

Category Problems in 
community pharmacies

n (%)

Problems in 
hospitals

n (%)

human-machine interaction-related input 291 (79.7) 234 (69.2)

human-machine interaction-related output 48 (13.2) 56 (16.6)

Machine-related input 3 (0.8) 15 (4.4)

Machine-related output 16 (4.4) 29 (8.6)

Machine-related transfer 7 (1.9) 4 (1.2)

Despite the rigorous validation process, a potential limitation of this study is that the 
adapted classification was only applied to one set of incidents. A logical next step would 
be its validation in a new set of data. Another limitation was the variable quality of the 
descriptions of the incidents. Not all the incidents were described well, and some of 
them hardly contained enough information for further analysis. To minimize the risk that 
the researcher would infer some details of the incident that were not reported, the two 
researchers analyzed the incidents independently and met afterward to reach consensus. 
A third limitation was the difficulty in classifying the incidents in the axis of the nature of 
the error. The IT systems were easier to classify because they were more concrete. 

Last but not least the incidents came from a voluntary reporting system, and it could be 
possible that healthcare providers primarily focused on incidents that they considered 
important or out of the ordinary. Especially after the introduction of a new IT system health 
care providers might focus more on the use of this new IT system 27. On the other hand, 
incidents that were not recognized by healthcare providers will thereby have remained 
unreported. So, the real number of unintended consequences with IT could also be higher. 

Implications for practice 
Considering the percentage of incidents related to IT, it is necessary to pay attention to this 
new field of incidents in healthcare. IT was introduced with the idea to prevent incidents, 
and healthcare providers may trust IT too much in supporting their daily practice. This 
study helps healthcare providers to become more aware of the unintended consequences 
related to IT. 
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Our study identified all kinds of IT problems, and healthcare workers need to be aware 
that such problems can occur. Healthcare providers must know how to intercept or 
respond to these IT incidents to prevent patient harm. Interceptions may be performed 
from the human perspective (e.g., training of individuals) or the technical / organizational 
perspective (e.g., system design and workflow changes). In general, the latter are preferred 
because they form a system solution instead of an individual solution 28. 

This study suggests a few interceptions. An accessible back-up of patient records is 
required when a large-scale malfunction of the CPOE prevents physicians and nurses 
from reaching the regular system. When printers are not able to print anymore, nurses 
should be aware that they have to access patient information by other means. The input 
problems which were caused by poor design of screens need to be discussed with the 
software vendors. The implementation of complex CPOE or any IT system should be 
accompanied with adequate training in the use and possibilities of such an IT system. 
Healthcare organizations should consider the relevant work processes when installing 
a new IT system. The problem ‘not done by human’ could sometimes be related to the 
introduction of a new IT system, which does not fit well into an existing work process. 
Finally, the classification system used in this study may help to increase the information 
value of incidents. 

Implications for research 
Future research should be done in collaboration with users, vendors and incident-anal-
ysis experts to get a more intensive insight into IT-related incidents. The classification 
of Magrabi et al. 14 was useful after we had added some preferred terms, but for more 
information about the incidents, we believe that subsequent analysis of underlying causes, 
harm to the patient and which healthcare profession was involved, might be helpful. This 
should be the subject of further study, and the final classification system should be vali-
dated using different sets of incidents.

Technology is changing fast, and every day new IT system can be introduced which will 
entail their unintended consequences. Introduction of new IT system should be accom-
panied by prospective risk analysis 16. Research on the performance and effect of such 
risk analyses is necessary. 

Information transfer problems are an important new area for research. At this moment 
these problems are not yet common, but more and more computers will be linked to 
each other. Thus a malfunction in one setting can rapidly spread to other departments 
or healthcare organizations 29,30.
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This study was focused on the determination of IT-related incidents and compared these 
in community pharmacies and hospitals. Some interceptions were suggested to prevent 
reoccurrence of the incidents. Research is needed to investigate the interceptions on the 
human perspective and technical / organization perspective. Probably a combination of 
both sorts of interceptions is necessary to prevent IT-related incidents.

CONCLUSION

This is the first study which shows how many of the incidents in the CMR database are 
related to IT in both community pharmacies and hospitals. The interaction between human 
and machine plays a pivotal role in the IT incidents. In community pharmacies, the phar-
macy information system was most frequently involved while in hospitals the CPOE was 
most frequently involved. The classification of Magrabi et al. 14 was a very useful starting 
point, but we added some new preferred terms during analysis. In a subsequent analysis, 
we introduced the IT system category in this study and phases of the medication process. 
Our slightly adapted Magrabi classification will help healthcare providers in picturing the 
incidents, as these axes help to put the incidents in the context of healthcare practice. This 
classification system seems useful for reporting and analyzing IT incidents in healthcare 
in general, but further research will have to prove this. 
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APPENDIX A 

Chapters and items on the CMR reporting form
Items Multiple choices and remarks

Administrative information

Identification number of the healthcare practice -

Date of reporting -

Date on which the medication event occurred -

Data of patient

Year of birth of the patient -

Sex of the patient o Male 
o Female

Information about the medication event

Please describe what happened Open-ended question

Which medication was involved? -

What was the error type o Prescribing error
o Transcription error
o Assembling the prescription and medication 

surveillance error
o Compounding error
o Dispensing error
o Administration error
o Patient monitoring error
o Storage and logistic error

Did the medication event take place during a 
transfer of the patient (shared care)?

o Yes, during admission to hospital
o Yes, during discharge of hospital
o Yes, between the wards in one hospital
o Yes, during out-of-hours services in the primary 

care
o Yes, with the intensive care for thrombotic 

patients
o Yes, namely: 
o No

What are the causes of the medication event? o Technical 
o Organisation
o Behaviour
o Communication
o Patient

Who makes the first error in the medication event? List of healthcare providers. There are three 
different lists for the hospitals, community 
pharmacies, and mental health care. 

Which ward is this person involved? List of wards in a hospital. This question exists only 
in the form for hospitals. 

Did the medication event reach the patient? o Yes
o No
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What is the harm of the medication event to the 
patient?

o No discomfort
o Minimal/mild harm
o Seriously temporary harm
o Seriously permanent harm
o Death
o Unknown

What could be the potential harm to the patient? o Scale from 1 to 5 or unable to estimate

Questions to notify an alert

How much is the risk of recurrence? o Unlikely, less than 1 times a year
o Rare, less than 5 times a year
o Possible within a few months
o Probably within a few days
o Almost sure within a few hours/days
o Unable to estimate

Can other healthcare providers learn from this 
reported medication event?

o Scale from 1 to 5of unable to estimate

Is this reported medication event suitable for an 
alert?

o Yes, this is an alert, CMR organization will contact 
the informant for detailed information.

o No, this is not an alert.
o Please let the CMR organization contact the 

informant. 
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APPENDIX B 

List of 121 Dutch search terms

Aangeschreven

Aanklikken

Aanschrijfbuffer

Aanschrijven

Accu

Afdruk

AIS

Alarmeerde

Aposys

Automatisch

Barcode

Batch

Beacom

Beeld

Bestand

Bewaking

care O Line

Chipsoft

Code

Computer

Data

Decursus

Diamante

Digitale

Doorgevoerd

Draai

Elektro

EPD

EPIC

EVS

Ezis

Format 

Gehangen

Gekoppeld

Genereert

Georderd

Geprint

Geselecteerd

Getypt

Gewist

Glims

GPK

Herhaalservice

HIS

ICU-lijst

In te voeren

Index

Infuus* AND *stand*

Ingesteld

Ingetypt

Ingevoerd

Ingevuld

Inkt

Intranet

Intrazis

Invoer

Inzage instelling

Kea

Keuze

Kiest

Klinikom

Koppel

Lag eruit

Laptop

Lijsten

Medicatiebonnen

Medicatielijst

Medicator

Memo

Menu

Metavision

Mira

Mirador

Module

MTR

MVK

Navision 

Netwerk

OMO

Op te schonen

Opdrachtenblad

Opgelicht

Opgestart

Order

Overzicht

OZIS

PC

Perfusor

Pharmacom

Pompstand

Pos

Print

Profile

Programma

Registratie

Rollen

Rugetiket

Scan

Select

Serie

Signaal

Signal

Spuit* AND (*stand* OR *pomp*)

Stopcontact

Storing

Stuurt

System

Taaklijst

Taxe

Typen

Uitdraai

Uitgedraaid

Update

Vakje

Vastgelopen

Versie

Voert

Vrije tekst

Waarschuwing

Zichtbaar

ZI nummer
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APPENDIX C

Flowchart of identification and inclusion of the reports

APPENDIX C 
 
Flowchart of identification and inclusion of the reports 

 
 
 

 

Community 
pharmacies (CP)

CMR database
Period March 2010 – Februari 2011
Total number of reports: n = 4161

Hospitals (H)

CP: n = 624 H: n = 877

n = 1643 (39.5%) n = 2518 (60.5%)

Identification of 
relevant reports 

with search terms

n = H: n = 323

Review of the 
reports by KCC, 

WV and PS

CP: n = 352 H: n = 322

Deletion of duplicate reports
CP: n = 7
H: n = 1

CP: n = 359

CP: n = 351 H: n = 317

Deletion of reports, unrelated to IT 
(during data analysing)

CP: n = 1 
H: n = 5

Number of reports for data analysing
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Figure 1. Adapted diagram of the Magrabi et al14. 2012 classification and added terms from CMR incidents.
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ABSTRACT

Background: Computerized physician order entry (CPOE) in hospitals is widely considered 
to be important for patient safety, but the implementation is lagging behind, and user 
satisfaction is often low. Risk analysis methods may improve the implementation process 
and thus user satisfaction. 

Objective: Our study aimed to determine the association of performing risk analysis with 
user satisfaction after implementation of CPOE. 

Setting: All hospitals in the Netherlands.

Method: A cross-sectional study using a questionnaire was performed. All Dutch hospital 
pharmacies were asked about the extent of implementation of CPOE in the hospitals they 
served, the performance of (retrospective or prospective) risk analysis and the satisfaction 
with CPOE of doctors, nurses, and pharmacists. Only hospitals that had implemented 
inpatient CPOE on at least 70 percent of the wards were included in the primary analysis. 

Main Outcome Measure: The primary outcome measure was the proportion of hospi-
tal pharmacists with a satisfaction level of 4 or 5 (i.e. ‘satisfied’). The secondary outcome 
measure was the proportion of medical doctors and nurses with a satisfaction level of 4 
or 5 (i.e., satisfied). The main determinant was the performance of a formal method of 
prospective or retrospective risk analysis.

Results: The questionnaire was sent to all 79 Dutch hospital pharmacies. Questionnaires 
were returned by 70 hospital pharmacies, serving 72 separate hospitals. In 40 hospitals 
the CPOE was implemented on at least 70% of the wards. The association of risk analysis 
with the proportion of satisfied users was determined within this group of 40 hospitals. For 
hospital pharmacists, we found that the performance of risk analysis showed a statistically 
non-significant trend towards an association with satisfaction (OR 3.3 (95% CI: 0.8-14.1)). 
For medical doctors, the performance of risk analysis was associated with satisfaction (OR 
10.0 (95% CI 1.8-56.0)). Also, a statistically non-significant trend towards an association 
with satisfaction was found for nurses (OR 4.5 (95% CI: 0.8-24.7)). 
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Conclusion: Although not statistically significant, the user satisfaction with CPOE seems to 
be associated with the performance of risk analysis during the implementation of CPOE. 
This suggests that the CPOE implementation process can be optimized by performing a 
risk analysis before and / or after implementation. 

Impact of findings on practice
•	 The majority of Dutch hospitals have implemented CPOE for 70% or more on nursing 

wards.
•	 The satisfaction of CPOE users seems to be positively associated with the perfor-

mance of risk analysis.
•	 Risk analysis can optimize the implementation process of CPOE in hospitals.
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INTRODUCTION

Electronic prescribing of medication or Computerized Physician Order Entry (CPOE), may 
contribute to the proper use of medication by hospital inpatients and the reduction of 
medication errors and patient harm 1-7. In a review article on the effect of CPOE on med-
ication errors, Reckmann et al. 8 described 12 studies of which 9 reported a significant 
reduction in medication errors. This reduction included all types of errors, such as pre-
scription errors and transcription errors. In 2005 two studies 9,10 showed an increase 
in the perceived number of risks using CPOE and in medication errors and increased 
mortality associated with the new CPOE system in comparison with the old paper-based 
prescription system. In contrast, Van Doormaal et al. and Chen et al. 11-13 showed that CPOE 
reduces the incidence of medication errors. Despite these conflicting results both health-
care professionals and healthcare authorities consider the use of CPOE as an essential 
element in the complex chain of safe use of drugs in hospitals 14,15.

In many hospitals, CPOE is being implemented. However, medical doctors and other 
healthcare professionals indicate that CPOE systems do not always operate as desired 
or expected 16,17. Usability problems occur, systems are considered time-consuming, 
immature and the cause of (new) errors or unintended consequences 18-20. Much of the 
discontent, resistance, and unsafe use can be traced back to the poor implementation 
of the CPOE system, for example resulting from incompatibility with existing daily work 
procedures and routines 21. This may partly explain that despite the great potential of 
CPOE to improve quality of care and patient safety, implementation of CPOE is lagging 
behind. For example, in 2009 only 15-17% of the hospitals in The United States had a 
functional CPOE system available 22,23. An implementation may be improved in several 
ways. Influencing tactics at the right time, in the right manner and by the right people 
(information technology leaders, leading clinicians) can be used in overcoming user resis-
tance 24,25, but limited effects are reported 26. Also, risk analysis techniques before or after 
(prospective or retrospective) the implementation of a CPOE system can be used both 
as a safety improvement and as a tool in overcoming user resistance. Bonnabry 27 used 
a Failure Modes, Effects and Criticality Analysis (FMECA) method 28 in a study before and 
after the implementation of CPOE. This FMECA resulted in a significant risk reduction and 
was helpful in identifying additional system improvements. The aims of prospective risk 
analysis techniques are the identification of risks and subsequent measures to resolve 
such risks, ultimately resulting in the reduction of patient harm. FMECA [Williams et al. 
(1994) 29] and Healthcare Failure Mode and Effect Analysis (HFMEA) Habraken et al. (2009) 
30 Stalhandske et al. (2003) 31 are examples of this approach. HFMEA was developed by 
the United States Department of Veterans Affairs and the United States National Center 
for Patient Safety (NCPS) 32 and is based on safety management of the manufacturing, 
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chemical and nuclear industries and civil aviation. FMEA is time-consuming and lacks 
validation, but by the multidisciplinary mapping process, it seems valuable also in health 
care. Retrospective risk analysis can be used to investigate incidents and outcomes can 
be used to improve the system 33,34. Key characteristics of prospective and retrospective 
risk analysis methods are shown in Figure 1 (Franklin et al.) 35. Applying prospective or ret-
rospective risk analysis before, and / or after CPOE implementation may lead to increased 
satisfaction of healthcare workers with CPOE and its implementation, but little evidence 
on this assumption is available. To our knowledge, no study has previously explored the 
possible association of prospective or retrospective risk analysis with the satisfaction of 
healthcare workers after implementation of CPOE.
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AIM OF THE STUDY

The primary aim was to investigate whether performing prospective or retrospective risk 
analysis during the implementation of CPOE is associated with CPOE satisfaction of hos-
pital pharmacists. Secondary aims were to investigate the associations of performing that 
risk analysis with CPOE satisfaction of medical doctors and nursing staff. 
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METHOD

A cross-sectional study was performed using a structured questionnaire that was sent to all 
hospital pharmacies in the Netherlands (Appendix 1). The development and design of the 
questionnaire were based on the 2010 version of “Questionnaire Development” (Statistics 
Netherlands) 36. A pilot was conducted in 5 hospitals to test the initial questionnaire. Following 
the answers, the questionnaire was slightly modified (streamlining some questions). Appen-
dix 1 shows the full questionnaire (translated from Dutch). The questionnaires were sent in 
February 2011 and after the first mailing two reminders were sent (in May and June 2011). 

Study participants
In the Netherlands, the hospital pharmacist is legally co-responsible for delivering health care 
and be held accountable for proper and safe medication processes in hospitals. Consequently, 
the Dutch hospital pharmacists took the lead in implementing electronic medication manage-
ment systems, including CPOE. The hospital information technology department only facilitates 
the use of these systems and supports the infrastructure and the hardware. For this reason, 
the questionnaire was sent to all 79 Dutch hospital pharmacies serving eight university hospi-
tals, 26 teaching hospitals, and 50 general hospitals. It was addressed to hospital pharmacists 
known to be responsible for the information technology aspects of the hospital pharmacy. If 
this function was not assigned to a hospital pharmacist, the questionnaire was sent to the head 
of the hospital pharmacy department for completing the questionnaire. Specialized hospitals 
and psychiatric hospitals were not included in the survey. 

Data collection
We designed a structured questionnaire asking about five different topics: 
1.  General questions about the hospital and the hospital pharmacy. 
2.  Questions on the safety culture in the hospital and the hospital pharmacy (e.g., 

whether or not the hospital participated in error reporting programs, applied safety 
analysis).

3.  Questions on the presence of an inpatient computerized physician order entry system 
(CPOE) and degree of implementation on the wards. We distinguished three (arbitrary) 
implementation situations: CPOE used on less than 30% of the wards, between 30 
and 69% and on more than 70% of the wards.

4.  Questions on the performance and methods of prospective [e.g., Bow-Tie method 
(Wierenga et al. 37, and Hudson and Guchelaar 38)], HFMEA method [Kessels-Habraken 
et al. 39] and retrospective risk analysis [e.g. Root Cause Analysis as SIRE, Systematic 
Incident Reconstruction and Evaluation method (Percarpio et al. 40, and Amo 41] or 
PRISMA-medical, Prevention and Recovery Information System for Monitoring and 
Analysis [Snijders et al. 42] before and after implementation of CPOE. 
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5  Questions on the satisfaction of the users (doctors, pharmacists, nurses) as perceived 
by the pharmacist, indicated on a Likert scale 43 of 1 to 5 (1 = very dissatisfied, 5 = 
very satisfied, in this study 4 and 5 was regarded as satisfied). In Dutch hospitals, the 
hospital pharmacists, as well as the medical doctors, are a member of the hospital 
medical staff. Members of the medical staff in hospitals in the Netherlands are those 
academic healthcare workers who are (co-) responsible for health care delivery to 
patients. So, unlike many other countries, they are direct colleagues of the medical 
doctor. For that reason, hospital pharmacists are usually very well aware of the opin-
ions of the medical doctor. Therefore, the hospital pharmacists were asked to indicate 
the level of perceived satisfaction of the medical doctor with the CPOE system used 
in the hospitals they served. Pharmacists and pharmacy technicians are also in close 
contact with the nursing staff on the wards, e.g., checking patient’s medication on 
admission or being involved in discharge planning. The Dutch hospital pharmacists 
are therefore also aware of the views of nurses and their (perceived) satisfaction 
with the CPOE system. As both the satisfaction of doctors and nurses is measured 
by asking for their perceived satisfaction by the hospital pharmacist, these outcomes 
were only included as secondary outcome measures.

Only hospitals with a degree of implementation of CPOE was 70% or more were included 
in the study, to make sure that the answers regarding satisfaction of healthcare workers 
reflected most of the hospital. 

Outcome measures
The primary outcome measure was the proportion of the pharmacists with a satisfaction 
level of 4 or 5 on a 5-point Likert scale (i.e. ‘satisfied’). The secondary outcome was the 
proportion of other users (medical doctors and nurses) of the CPOE with a satisfaction 
level of 4 or 5 on a 5-point Likert scale (i.e. ‘satisfied’). The main determinant was the per-
formance of a formal method of prospective or retrospective risk analysis. 

Data analysis
All data were entered using MS Excel 2010. Data were analyzed using statistical software 
(SPSS, version 18; SPSS Inc. Chicago, Illinois). The association between the performance 
of prospective risk analysis and the satisfaction of the users was determined by univariate 
logistic regression analysis. 
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Figure 1. Key characteristics of prospective and retrospective risk analysis methods
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RESULTS

The questionnaire was sent to 79 hospital pharmacies. Initially, we received 56 ques-
tionnaires back and another 14 after sending reminders. So, in total 70 hospital 
pharmacies (serving 72 independent hospitals (out of 84)) returned the question-
naires. All these questionnaires are included in our study. Nine of the questionnaires 
were not sent back: one of them from a university hospital pharmacy, two from the 
pharmacy of teaching hospitals and six from the pharmacy of general hospitals (in 
total serving 12 hospitals). 

CPOE was used or being implemented by 64 of these 72 hospitals. In the hospitals ten dif-
ferent CPOE systems were used, seven commercially available systems and three systems 
built by the IT department of the hospital. No dominance was seen in the commercially 
available CPOE systems. The characteristics of the responding hospitals are shown in 
table 1. 

Table 1. Characteristics of the responding hospital’s pharmacies

Characteristics University 
hospitals

Teaching 
hospitals

General 
hospitals

All hospitals

Number of hospitals
Number of hospital beds
•	 mean
•	 range

7

1032
715-1479

24

826
450-1300

41

415
200-1000

72

612
200-1479

N (%) N (%) N (%) N (%)

Hospital safety culture
•	 in hospital error reporting
•	 in hospital error analyzing
•	 nationwide error reporting program member

7 (100%)
5 (71%)
4 (57%)

24 (100%)
21 (88%)
19 (79%)

41 (100%)
35 (85%)
34 (83%)

72 (100%)
61 (85%)
57 (79%)

% of implementation of CPOE on wards
•	 No CPOE or startup
•	 0%-29%
•	 30%-69%
•	 70%-100%

0 (0%)
0 (0%)
0 (0%)
7 (100%)

4 (17%)
3 (13%)
2 (8%)
15 (63%)

12 (29%)
6 (15%)
5 (12%)
18 (44%)

16 (22%)
9 (13%)
7 (10%)
40 (56%)

The extent to which CPOE was used varied: 40 hospitals used a CPOE system in 70% or 
more of the wards while 32 hospitals did not or only partly used a CPOE system. The 
association of the performance of (retrospective or prospective) risk-analysis with the 
proportion of satisfied users was determined within this group of 40 hospitals.
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For hospital pharmacists, a non-statistical trend towards an association with satisfaction 
was found [odds ratio (OR) 3.3, 95% confidence interval (95% CI) 0.8-14.1]. For medical 
doctors, the performance of risk-analysis was associated with satisfaction [OR 10.0, (95% CI 
1.8-56.0)], while for nurses a non-statistical trend towards an association with satisfaction 
was found [OR 4.5, (95% CI 0.8-24.7)], (Table 2). 

Table 2. Association of risk analysis with CPOE satisfaction of hospital pharmacists, doctors and nurses for 
hospitals with 70% or more implementation of CPOE on nursing wards 

Satisfied N (%) Dissatisfied N (%) OR a (95% CI b)

Hospital pharmacists

No risk analysis performed
Risk analysis performed

10 (59)
7 (41)

19 (83)
4 (17)

Ref. c

3.3 (0.8-14.1)

Medical doctors

No risk analysis performed
Risk analysis performed

9 (50)
9 (50)

20 (91)
2 (9)

Ref. c

10.0 (1.8-56.0)

Nurses d

No risk analysis performed
Risk analysis performed

14 (61)
9 (39)

14 (83)
2 (13)

Ref. c

4.5 (0.8-24.7)
a OR = Odds ratio
b CI = Confidence Interval
c Ref. = Reference category
d One missing value
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DISCUSSION

Our study showed a non-statistically significant trend to the association between perform-
ing prospective or retrospective risk analysis on the implementation of CPOE systems and 
user satisfaction for hospital pharmacists (primary outcome). For medical doctors (sec-
ondary outcome) this association was statistically significant (perceived user satisfaction). 
For the user group nurses (also secondary outcome) a non-statistical trend to (perceived) 
user satisfaction was identified. Few studies have addressed the association between 
prospective or retrospective risk analysis and user satisfaction. Apkon et al. (2004) 44 
redesigned the process of prescribing and delivering of continuous drug infusions using 
CPOE instead of a paper-based system. They performed a failure modes and effects 
analysis (FMEA) as part of the implementation process. Both physicians and nurses were 
satisfied with the revised process, measured on a 5-point Likert scale. However, it was not 
possible to determine the association between FMEA and satisfaction, because of the lack 
of a control group not using FMEA.

Implementation of a new and radical process change such as CPOE that involves many 
health care professionals requires a careful approach. Changes in care processes must 
be accepted by the professionals who have to work in the new setting. From the results 
of our questionnaire, we concluded that the majority of the pharmacists and the med-
ical doctors were not content with the implemented CPOE system. Dissatisfaction can 
be caused by many factors such as technical difficulties, software and layout problems, 
increased sensitivity to error and failure to implement a safe CPOE as part of an inte-
grated system within the daily workflow on the ward. Though no evidence is available on 
this subject, performing a prospective or retrospective risk analysis may help to prevent 
such dissatisfaction, but in Dutch hospitals - in contrast to the chemical industry or the 
aviation industry - the performance of prospective risk analyses is not customary. Our 
research shows that risk assessments within hospitals around the implementation of new 
and complex procedures and techniques can potentially contribute to user satisfaction 
regarding these procedures and techniques.

A few limitations of our study need to be addressed. First, most Dutch hospital pharmacies 
participated in our research, but this is globally a relatively small group of hospitals. CPOE 
is implemented in several western countries sometimes with ambiguous results (Aarts and 
Koppel, (2009) 45. The findings of our study, therefore, may not be applicable to hospitals in 
other countries. Second, a major limitation of our cross-sectional study design is that apart 
from the differences we want to measure other differences may determine the outcomes. 
Third, a causal relationship is unclear because potential cause and effect are measured 
at the same point in time. Furthermore, because of the limited sample size, we could only 



Risk analysis and user satisfaction of CPOE in Dutch hospitals

83

4

perform the univariate analysis. Therefore, the identified association may alter when it 
is adjusted for potential confounders. A final limitation is the fact that a single hospital 
pharmacist (either head of the department or IT specialist pharmacist) was questioned 
about the opinion of the physicians, the nurses, and other pharmacists. It is not sure this 
is a proper reflection of the point of view of these professionals. More research has to be 
done to clarify these issues.

Notwithstanding these limitations, our study is the first that investigated the potential 
association of risk analysis and user satisfaction. Risk assessments can provide essential 
insight into the critical aspects of a work process preventing a failure condition or into 
a safety issue diagnosed in the risk assessment. Consequently, risk analysis can contrib-
ute to user satisfaction and thus the performance of risk analysis before and / or after 
the implementation of CPOE is recommended. However, future studies are necessary to 
determine satisfaction expressed directly by the specific user groups (instead of ques-
tioning only hospital pharmacists) and into other measures of successful implementation. 
Such research may ultimately aid in rendering CPOE the safety tool it is designed to be. 
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CONCLUSION

Our study identified a trend towards an association of risk analysis with the satisfaction 
of hospital pharmacists after implementation of a CPOE. As a secondary outcome, our 
study identified an association of risk analysis with (perceived) satisfaction for medical 
doctors and potentially for nurses after implementation of CPOE. In order to increase 
user satisfaction, the performance of formal methods of risk analysis around implemen-
tation of CPOE may be recommended, but further studies are needed to draw definite 
conclusions on this subject.
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APPENDIX 1

The questionnaire used in the study (translated from Dutch)
About the Hospital Pharmacy:
Name Hospital / Hospital Pharmacy:  ................................................................................................
City:  ............................................................................................................................................................
Number of hospitals the hospital pharmacy is responsible for:  ...............................................
Hospital size in inpatients:  ..................................................................................................................
Number of nursing homes the hospital pharmacy is responsible for:  ....................................
Nursing home size in inpatients:  .......................................................................................................
Number of other institutions the hospital pharmacy is responsible for (e.g., specialized 
hospitals):  ................................................................................................................................................
Number and Type:  ................................................................................................................................
Institution size in inpatients:  ...............................................................................................................

About the Department of hospital pharmacy and pharmaceutical staff:
Full positions hospital pharmacists: ..................................................................................................
Full positions pharmacists:  ..................................................................................................................
Full positions interns:  ...........................................................................................................................
Full positions (hospital) pharmacist concerning ICT:  ....................................................................
Full positions software application manager:  .................................................................................
Full positions hardware system administrator: ..............................................................................
Full positions technicians involved in clinical pharmaceutical care:  .........................................  

About the Hospital Safety Culture:
Error reporting and registration: (multiple answers possible):

O Hospital management
O Safety management system committee (VMS)
O Errors and near accidents committee (FONA)
O Incident reporting committee (MIP)
O Safe error reporting committee (VIM)
O Another reporting system: ………………………………………………………………………….
O There are no error reporting systems / we do not report errors (circle the correct 

answer)
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Is a retrospective risk assessment with analysis of reported errors? (multiple answers 
possible):

O yes by Prevention and Recovery Information System for Monitoring and Analysis 
(PRISMA) 

O yes by Systematic Incident Reconstruction and Evaluation (SIRE)
O yes using another method, namely: …………………………………………………………….............
O no

The hospital pharmacy has experience in performing prospective risk assessment (mul-
tiple answers possible):

O yes with Scenario Analysis of Failure Modes Effects and Risks HFMEA/SAFER
O yes with Bow Tie
O yes with another method namely: ……………………………………………………………................

The hospital pharmacy participates in the Dutch nationwide error reporting system CMR 
(Central Registration of Medication Incidents):

O yes, more than 10 reports per year
O yes, less than 10 reports per year
O  no

The hospital pharmacy has experience with formal measurement of medication errors, 
e.g., by checking medication orders for spelling mistakes or ‘disguised observation’ for the 
mapping of administration errors:

O yes namely: ………………………………………………………………………………………………………………
O no 

About the CPOE system:
Is a CPOE system in the hospital present?

O yes for both inpatients and outpatients
O yes for inpatients only
O yes for both inpatients and outpatients and integrated into an EMR (Electronic 

Medical Record)
O yes for inpatients only and integrated into an EMR (Electronic Medical Record)
O yes for outpatients only and integrated into an EMR (Electronic Medical Record)
O no there is no CPOE system in our hospital
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If the hospital has a CPOE system present, to what extent is this implemented? (multiple 
answers possible):

O % on (inpatient) wards ………………………………………………………………………………................
O % for outpatients………………………………………………………………………………………..................
O % on the Intensive care / cardiac care units …………………………………………………...........
O % in the operating theater complex …………………………………………………………….............

Is a CPOE system in the nursing homes / other institutions present?
O yes in the nursing homes and other institutions as well
O yes in the nursing homes only
O yes in the other institutions only
O no

If the nursing homes / other institutions have a CPOE system present, to what extent is 
this implemented? (multiple answers possible):

O % nursing homes ……………………………………………………………………………………….................
O % other institutions ……………………………………………………………………………………................
O no there is no CPOE system in the nursing homes and other institutions

Who is prescribing medication in the CPOE system (multiple answers possible)?
O specialized medical doctors
O medical doctors
O interns / physician assistants (whether or not in training)
O specialized nurses
O nurses
O hospital pharmacists
O pharmacists
O pharmacy technicians
O others, namely:
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Which (commercial / non-commercial) CPOE system is in use?
O Medicator
O Klinicom
O ROSS Health Pharma
O Theriak
O Centrasys
O Chipsoft
O Isoft
O Alert
O Other system / DIY (non-commercial): ……………………………………………………..................

Did you prepare a User Requirement Specification (URS) in the process of selection and 
purchase or construction of the CPOE software?

O yes
O no

Is the CPOE software in use validated?
O yes by the Good Automated Manufacturing Practice (GAMP5) method
O yes using another method namely: ……………………………………………………………..............
O no

System procedures and SOPs regarding the use of the CPOE system are drafted (multiple 
answers possible):

O no there are no established procedures and SOPs
O yes by the hospital pharmacy
O yes by the medical doctors
O yes by the managers of the ward
O yes by the nurses of the ward
O yes by the manufacturer of the CPOE system
O yes by others namely: …………………………………………………………………………………...............

Did you carry out a prospective risk assessment before implementation of the CPOE 
system?

O yes by HFMEA / SAFER method
O yes by Bow Tie method
O yes by another method namely: …………………………………………………………………..............
O no
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If yes: what was the outcome of the prospective risk assessment:
O change in the type of risks namely:…………………………………………………………………………
O change in the number of risks, i.e. more / less (circle the correct answer)
O no change in type or number 

What was the timeframe of the prospective risk assessment?
O n.a.
O < 3 months
O 3-6 months
O > 6 months

Did you carry out a retrospective risk assessment before implementation of the CPOE 
system?

O yes by PRISMA method
O yes by SIRE method
O yes by another method namely: …………………………………………………………………..............
O no

If yes: what was the outcome of the retrospective risk assessment:
O shift in the type of errors namely: ………………………………………………………………..............
O shift in the number of errors, i.e., more / less (circle the correct answer)
O no shift in type or number

 
What was the timeframe of the retrospective risk assessment?

O n.a.
O < 3 months
O 3-6 months
O > 6 months

Did you carry out a formal check for prescription errors before implementation of the 
CPOE system? (For example, during a given period all medication orders are checked for 
errors).

O yes
O no
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Did you carry out a formal check for prescription errors after implementation of the CPOE 
system? (For example, during a given period all medication orders are checked for errors).

O yes
O no

If yes: what was the outcome of the formal measurement of prescription errors:
O we found new or uncommon errors namely: …………..………………………………….............
O shift in the type of errors namely: ………………………………………………………………..............
O shift in the number of errors namely more / less (circle the correct answer)
O no differences were measured

What was the timeframe of the formal measurement of prescription errors?
O  n.a.
O < 3 months
O 3-6 months
O > 6 months

About the CPOE system and the satisfaction of the users:
The hospital pharmacy is satisfied with the CPOE:
On a scale of 1 to 5 (1 = very dissatisfied, 5 = very satisfied, (circle the correct number on 
the scale)):
1-----2-----3-----4-----5
Please explain your answer:
…………………………………………………………………………………………………………………………...........................

The medical doctors are satisfied with the CPOE:
On a scale of 1 to 5 (1 = very dissatisfied, 5 = very satisfied, (circle the correct number on 
the scale)):
1-----2-----3-----4-----5
Please explain your answer:
…………………………………………………………………………………………………………………………...........................

The nurses are satisfied with the CPOE:
On a scale of 1 to 5 (1 = very dissatisfied, 5 = very satisfied, (circle the correct number on 
the scale)):
1-----2-----3-----4-----5
Please explain your answer:
…………………………………………………………………………………………………………………………...........................
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The management of the hospital is satisfied with the CPOE:
On a scale of 1 to 5 (1 = very dissatisfied, 5 = very satisfied, (circle the correct number on 
the scale)):
1-----2-----3-----4-----5
Please explain your answer:
…………………………………………………………………………………………………………………………...........................

The timeframe for general acceptance of the CPOE system for all users after:
O < 3 months
O 3-6 months
O > 6 months

Final Question 
Have you missed a question or is there a test method which is not touched upon? Do you 
have any other remarks about this questionnaire?
…………………………………………………………………………………………………………………………............................

Thank you!
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ABSTRACT

Background: Information technology-based methods such as bar-code-assisted medica-
tion administration (BCMA) systems have the potential to reduce medication administration 
errors (MAEs) in hospitalized patients. In practice, however, systems are often not used 
as intended, leading to workarounds. Workarounds may result in MAEs that may harm 
patients.

Objectives: The primary aim is to study the association of workarounds with MAEs in the 
BCMA process. Second, we will determine the frequency and type of workarounds and 
MAEs and explore the potential risk factors (determinants) for workarounds.

Methods: This is a multicenter prospective study on internal medicine and surgical wards 
of 4 Dutch hospitals using BCMA systems to administer medication. We will include a total 
of 6000 individual drug administration’s using direct observation to collect data. 

Results: The project was funded in 2014 and enrollment was completed end of 2016. Data 
analysis is underway, and the first results are expected to be submitted for publication 
end of 2017. 

Conclusions: If an association between workarounds and MAEs is established, this infor-
mation can be used to reduce the frequency of MAEs. Information on determinants of 
workarounds can aid in a focused approach to reduce workarounds and thus increase 
patient safety.

Trial Registration: Netherlands Trial Register NTR4355; http://www.trialregister.nl/tri-
alreg/admin/rctview.asp ? TC=4355 (Archived by WebCite at http://www.webcitation.
org/6pqTLxc6i ) 
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INTRODUCTION

Minimizing the risks of prescribing and medication administration is important to enhance 
patient safety in hospitals 1-6. Many hospitals have implemented information technolo-
gy-based systems such as computerized physician order entry (CPOE) systems to reduce 
prescribing errors 7-10. Some have also implemented electronic bar-code-assisted medi-
cation administration (BCMA) systems to reduce medication administration errors (MAEs) 
11-18. BCMA systems are designed to contribute to patient safety through scanning of the 
barcode on the medication package and the barcode on the patient’s identification wrist-
band to guarantee the 5 “rights” of patient medication administration: right patient, right 
medication, right dose, right route, and the right time. However, in practice, BCMA systems 
are not always used as intended, and so-called workaround occurs 19-23. Kobayashi et al. 24 
defined workarounds as “informal temporary practices for handling exceptions to normal 
workflow.” Investigating the use of CPOE systems in hospitals, Niazkhani et al. 25 described 
42 types of workarounds. Koppel et al. 26 documented 15 types of workarounds in the 
BCMA process, including affixing patients’ identification barcodes to computer carts and 
carrying several patients’ pre-scanned medications on carts. That study documented 31 
roots of these workarounds. Research on workarounds in the BCMA process focused on 
the qualitative description of the extent and type of workarounds in the BCMA process 
27,28. Little research has been done to quantify the frequency of workarounds in the BCMA 
process and investigate the impact of workarounds on patient safety, in particular, MAEs 
as a potential consequence of workarounds.

Furthermore, little is known about the potential risk factors leading to workarounds. There-
fore, we designed a study aimed at determining the association of workarounds with MAEs. 
Our secondary objectives are to determine the frequency and type of workarounds and 
the frequency and type of MAE and to identify potential risk factors for workarounds.
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METHODS

Design
This study is a multicenter prospective observational study in adult patients who are 
admitted to a participating hospital in the Netherlands and who have their medication 
administered by BCMA systems.

The regional medical ethics committee (Regionale Medisch Ethische Commissie Zorg-
partners Friesland) approved the study protocol. Study data are coded to guarantee the 
privacy of the participants.

Setting
All included hospitals have implemented CPOE 10 and BCMA systems. They use a variety 
of software packages, both for the CPOE and for the BCMA systems. As a consequence, 
procedures for prescribing and medication administration differ between hospitals. Table 
1 summarizes the main characteristics. Medication administration procedures within a 
hospital vary slightly between wards because of differences in patient groups or tasks 
(e.g., in some hospitals, short stay surgical patients do not wear wristbands, but these are 
attached to the medication cart).

The included hospitals use bar code-labeled unit dose systems to distribute medication 
to inpatients. In the pharmacy departments, pharmacy technicians dispense bar-coded 
medication for individual patients into trays labeled with the patient’s name and barcode. 
Trays are placed in medication carts in which they are then delivered to the wards once 
a day (or more frequently). Wards do not have ward-based medication stock (except for 
emergency medication). One of the selected hospitals uses so-called bedside assortment 
picking carts 29. A cart contains all the medication commonly used on the ward. With this 
system, nurses select the medication for administration during the medication adminis-
tration rounds.

In general, there are 4 scheduled medication administration rounds in the participating 
hospitals: 6-10 AM, 10-2 PM, 6-8 PM, and 8-10 PM. One single nurse administers medica-
tions. Registered nurses supervise nurse trainees. In the participating hospitals, there are 
approximately 10-20 inpatients admitted on a nursing ward served by a registered nurse 
and a nurse trainee. A large ward is split into smaller units each serving 10-20 inpatients, 
each aided by a registered nurse and a nurse trainee.
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During a drug administration round, nurses select the prescribed medication for each 
inpatient from the prefilled trays or the bedside assortment picking carts. In addition to 
the cart, nurses also take along the computer on wheels or the workstation on wheels 
to access the CPOE system during the drug administration round. Inpatients do not use 
their own (out-of-hospital prescribed) drugs.

Participants
The study will enroll patients admitted to the internal medicine and surgical wards of 4 
Dutch hospitals in which a BCMA system is used to administer medication. To be eligible 
to participate in this study, a participant must meet the following criteria: be a hospitalized 
patient and receive medication on those nursing wards that are participating in this study. 
We will exclude patients younger than 18 years.

Outcome Measures
The primary outcome measure of the study is the proportion of medication administra-
tions with 1 or more MAEs. For this outcome, we will study the association between the 
MAE and the occurrence of 1 or more workarounds.

The secondary outcomes are the frequency and type of workarounds, the frequency 
and type of MAEs in the BCMA process, and the association of potential risk factors with 
workarounds.

We will collect the following potential risk factors for workarounds using a structured data 
collection form (Appendix 1): nurses’ characteristics (experienced, trained, or student 
nurse; nurses’ satisfaction with BCMA), workload characteristics (number of nurses on the 
ward, number of patients served by that ward, number of medicines per round per patient, 
number of medicines for all patients per round per ward), BCMA system characteristics 
(time after implementation of BCMA system on that ward, barcode on medication unit 
dose), medication characteristics (Anatomical Therapeutic Chemical Classification System 
[ATC]) code of the medication, drug administration route), and general characteristics 
(hospital type, ward type, time of ward round, patient age and gender). We will question the 
supervisor of the ward for data on the nurses’ education and experience. We will extract 
the number of patients on the ward, the medication and ATC code, and the number of 
drugs to administer to each patient during the specific administration rounds from the 
CPOE system. We will ask the supervising hospital pharmacist for the other risk factors.
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Data Collection
We will use disguised observation 30-34 to collect data. A total of 3 trained observers (under-
graduate students, writing their master’s thesis) from the School of Pharmacy, University of 
Groningen and Utrecht University, the Netherlands, will observe the nurses while they give 
drugs to inpatients. To prevent nurses from adjusting their behavior in the BCMA process 
while under observation, the observer will be introduced as being on the ward to monitor 
the performance of the medication distribution system on that ward. The observer will take 
part in several planned medication administration rounds on that ward and also observe 
unscheduled medication administrations. The observer will randomly pick a medication 
administration round with a minimum of 3 rounds every day and a weekly minimum of 18 
rounds. During the different rounds, the observer will observe as many different nurses as 

Table 1. Characteristics of the medication administration systems in the participating hospitals

Item Hospital 1 Hospital 2 Hospital 3 Hospital 4

Software system RH Pharma ViPharma Klinicom Pharma

System screen layout Fixed layout Fixed layout Fixed layout User-controlled screen layout

Administration system Bedside assortment picking cart Cart with prefilled patient-labeled 
trays

Cart with prefilled patient-labeled 
trays

Cart with prefilled patient-labeled 
trays

Log-in procedure for nurse Once; automatic log-out after 15 minutes of inactivity Once for 1 session Once for 1 session Once for 1 session

Log-out procedure for nurse Manual; automatic log-out after 15 minutes of inactivity Manual Manual Manual

Built-in additional check by nurse’s colleagues Extra log-in for another nurse built-in Not possible Extra log-in for another nurse 
built-in

Not described in the instructions

Signal/alert system Scanner beep and scanner warning light Computer beep Computer beep Computer beep

Patient has no bar code Not described in the instructions Manual patient selection Manual patient selection Manual patient selection

Patient selection per administration round Once, by selection of patient; automatically deselected after 
all medication for that round is administered

Twice, by selection and active 
deselection of the patient after 
medication administration

Once, by selection of patient; 
automatic deselection after all 
medication for that round is 
administered

Once, by selection of patient; 
automatic deselection after all 
medication for that round is 
administered

Medication in the cart has no barcode Robot-packed bar-coded medication ordered from the 
pharmacy

Manual drug selection Manual drug selection The nurse can overrule the system 
using her or his access code and 
manually select drug

More than 1 unit of the same drug for the 
same time prescribed

Scanned once, then the number of tablets is manually 
adjusted

Every drug unit is scanned Scanned once, then the number of 
tablets is manually adjusted

Scanned once; a pop-up appears 
asking for the other tablets to be 
scanned

Patient away or sleeping Prescribed medication is placed at the patients’ bedside, 
registered as given, and checked at 2:00 AM

Medication not given and not 
registered; noted in the memo 
field

Medication not given and not 
registered; noted in the memo 
field

Not described in the instructions

One-half or one-quarter of a tablet prescribed Tablet scanned, plus code “half” or “quarter” scanned on the 
computer

Not described in the instructions Tablet scanned, plus noted by a 
nurse in the memo field on the 
screen

Not described in the instructions

Instructions on screen for a nurse from 
pharmacy or prescriber

On-screen memo field included (medication data level) On-screen memo field included 
(patient data level)

On-screen memo field included 
(medication data level)

On-screen memo field included 
(medication data level)
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possible. To prepare for the observation, the observer will study the standard operating 
procedures or the applicable drug administration procedures of the specific ward and the 
agreements on the BCMA process of that ward. In practice, the observer will accompany the 
nurse who administers the medication using the BCMA system and observes the administra-
tion of each dose of medication to the patient. The observer will record the nurses’ actions of 
giving drugs to the patients (according to the forms in Appendices 1-3). After each observed 
medication administration round, we will collect a (printed) computer output of the medica-
tion for that specific patient, day, and round from the hospital’s electronic patient records. 
Consequently, we will compare observation records with the prescribed medication on this 
computer output and with available standard operating procedures of the BCMA process 
for that specific ward, to identify workarounds and MAEs. We designed an Access database 

Table 1. Characteristics of the medication administration systems in the participating hospitals

Item Hospital 1 Hospital 2 Hospital 3 Hospital 4

Software system RH Pharma ViPharma Klinicom Pharma

System screen layout Fixed layout Fixed layout Fixed layout User-controlled screen layout

Administration system Bedside assortment picking cart Cart with prefilled patient-labeled 
trays

Cart with prefilled patient-labeled 
trays

Cart with prefilled patient-labeled 
trays

Log-in procedure for nurse Once; automatic log-out after 15 minutes of inactivity Once for 1 session Once for 1 session Once for 1 session

Log-out procedure for nurse Manual; automatic log-out after 15 minutes of inactivity Manual Manual Manual

Built-in additional check by nurse’s colleagues Extra log-in for another nurse built-in Not possible Extra log-in for another nurse 
built-in

Not described in the instructions

Signal/alert system Scanner beep and scanner warning light Computer beep Computer beep Computer beep

Patient has no bar code Not described in the instructions Manual patient selection Manual patient selection Manual patient selection

Patient selection per administration round Once, by selection of patient; automatically deselected after 
all medication for that round is administered

Twice, by selection and active 
deselection of the patient after 
medication administration

Once, by selection of patient; 
automatic deselection after all 
medication for that round is 
administered

Once, by selection of patient; 
automatic deselection after all 
medication for that round is 
administered

Medication in the cart has no barcode Robot-packed bar-coded medication ordered from the 
pharmacy

Manual drug selection Manual drug selection The nurse can overrule the system 
using her or his access code and 
manually select drug

More than 1 unit of the same drug for the 
same time prescribed

Scanned once, then the number of tablets is manually 
adjusted

Every drug unit is scanned Scanned once, then the number of 
tablets is manually adjusted

Scanned once; a pop-up appears 
asking for the other tablets to be 
scanned

Patient away or sleeping Prescribed medication is placed at the patients’ bedside, 
registered as given, and checked at 2:00 AM

Medication not given and not 
registered; noted in the memo 
field

Medication not given and not 
registered; noted in the memo 
field

Not described in the instructions

One-half or one-quarter of a tablet prescribed Tablet scanned, plus code “half” or “quarter” scanned on the 
computer

Not described in the instructions Tablet scanned, plus noted by a 
nurse in the memo field on the 
screen

Not described in the instructions

Instructions on screen for a nurse from 
pharmacy or prescriber

On-screen memo field included (medication data level) On-screen memo field included 
(patient data level)

On-screen memo field included 
(medication data level)

On-screen memo field included 
(medication data level)
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in which we will record the observation data and which we will link to each patient’s pre-
scription and medication data. If the observer becomes aware of a potentially serious error, 
the observer will intervene for ethical reasons, but the data will be included in the study.

Training of the Observers
We will train our observers by having them study relevant literature on observational 
techniques 19,30,34,35,36,37,38,40,41, perform practical observations in a nonparticipating hospital 
under the supervision of the research team, and complete a written theoretical exam. 
The observers will have to pass the exam scoring 8 out of 10 points, having two chances 
to pass the exam. In the case of a second failure, he or she will not be able to observe. 
Each observer will do pilot observations in a participating hospital, supervised by 1 of the 
researchers, for one week on the wards, to become familiar with the BCMA process. Pilot 
observations will be discussed with the research team. These observations are meant as 
final training of the observer. Pilot data will be discarded.

Definitions and Classification
Workarounds are defined as “informal temporary practices for handling exceptions to 
normal workflow” for that specific ward and are operationalized as deviations from the 
available protocols 24. Figure 1 depicts the BCMA workflow and the potential risk factors 
for workarounds in the BCMA process. We will classify workarounds using a self-developed 
classification system (Table 2) derived from the system of Koppel et al. 26. Workarounds 
can be related to patient identification, the scanning process, the alert signals, and other 
procedures, or can be work-related. Allan and Barker 42 defined MAEs as “the administra-
tion of a dose of medication that deviates from the prescription as written (or ordered by 
CPOE) on the patient medication chart, or from standard hospital policy and procedures.” 
We will compare drug administrations with the doctor’s prescriptions as noted in the 
CPOE system in the pharmacy database. We will exclude intravenous and non-intrave-
nous preparation errors because these errors are not preventable by BCMA and are thus 
unlikely to be influenced by workarounds in the BCMA process. We will classify the MAEs 
using the classification of van den Bemt et al. 43 (Table 3). We will divide the number of 
erroneous medication administrations (containing 1 or more errors) by the number of 
observed drug administrations plus the number of omissions, thus using the concept of 
opportunities for errors as in other MAE research 44.

Sample Size Calculation
Prior studies 14,46-48 on the effect of BCMA show a substantial reduction (about 30%) of 
errors after the implementation of BCMA (from 14.4%, or 4743 errors in 32,972 obser-
vations, to 9.9%, or 2651 errors in 26,892 observations). The error rate of about 10% is 
a mix of all resulting errors, including those caused by workarounds. The purpose of our 
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sample size calculation is to estimate the number of observations needed to reject the null 
hypothesis with a power of 90%. We performed a pilot study in 4 Dutch hospitals that were 
partially using BCMA (these hospitals did not participate in our final research) and found 
MAE rates, including time window errors caused by nurses and based on workarounds, 
fluctuating from 2% to 20% (2%, 4%, 5%, and 20%). We assume in our sample size calcula-
tion that 8% of medication administrations per patient per nurse result in a workaround. 
We also assume that the MAE rate associated with a workaround is 2-fold compared with 
the situation without a workaround; that gives us a relative risk of 2. With an alpha of .05 
and a power of 0.9, we need to observe 1500 individual medication administrations to 
patients per hospital to reject the null hypothesis.

Table 2. Classification of workarounds in the bar-code-assisted medication administration processa

Workaround type Example workaround

Procedure-related: standard operating procedure, or 
procedure unclear or unknown

Nothing scanned

Patient-related: no patient wristband or patient not 
in the room

Bed scanned, or loose wristband scanned, patient 
unscanned

Medication-related: medication not barcoded Unscanned, unidentified medication given

Nurse related: nurse disturbed Nurse forgets patient or gives medication twice

Computer or scanner related: computer or scanner 
down or broken

Signals or alerts unseen, unscanned medication is 
given

Other workarounds Medication scanned for multiple patients; half tablets 
scanned as a full dose

a Derived from Koppel et al. 26.

Table 3. The most basic characterization of medication administration errors (MAEs)a

MAE type Example MAE

Omission A drug prescribed, but not administered

Unordered drug administration The drug administered, but not prescribed

Wrong dosage form Drug dosage form administered to the patient deviating from prescribed 
dosage form: solution as an alternative to a tablet

Wrong route of administration A drug gave by a wrong route of administration: oral liquid administered 
intravenously

Wrong administration technique The drug administered using a wrong technique: intravenous push 
instead of intravenous infusion

Wrong dosage Drug dosage too high or low: 20 mg instead of 20 μg

Wrong time of administration A drug gave at least 60 minutes too early or too late
a From van den Bemt et al. 43.
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Data Monitoring
We will enter all data into an Access database (version 2010, Microsoft Corporation). The 
basis for the Access database will be the case report forms in Appendices 1-3. The first 
(Appendix 1) is designed to collect data on potential risk factors for workarounds, the 
second (Appendix 2) is designed to collect data on MAEs, and the third (Appendix 3) is 
designed to collect data on observations of workarounds. These data will be made avail-
able to other researchers and editors on request. Data entry errors will be minimized by 
using multiple choice options and fixed data fields. At the end of the study, 10% of the 
entered data will be checked by a second researcher. If data entry errors are found, addi-
tional portions of 10% of the data will be checked until no errors are found within a portion. 
Also, a periodic backup of the study database of each hospital will be made and checked 
for missing data. Passwords will secure access to the research databases. Changing the 
format of the study documentation or study databases will be restricted to the primary 
investigator. New versions will be distributed from the central study location (the Univer-
sity of Groningen, the Netherlands). Before data analysis, we will lock the final database.

Statistical Analysis
Data will be analyzed using IBM SPSS Statistics version 22 (IBM Corporation). We will ana-
lyze the potential association between workarounds and the occurrence of MAEs using 
univariate multilevel logistic regression, with the proportion of medication administrations 
with 1 or more errors as the dependent variable and the occurrence of workarounds as 
the independent variable. The nurse and the patient will be the levels in the multilevel 
analysis. We will analyze the occurrence of workarounds as a categorical variable, with 
the following categories: no workarounds (reference category), 1 workaround, 2 work-
arounds, and 3 or more workarounds. We will adjust for potential confounders by using 
multivariate multilevel logistic regression. The parameters in the multivariate multilevel 
logistic regression model will be hospital type, ward type, the day of the week, schedule 
of medication administration rounds, ATC code, the number of drugs per patient per 
round, and the route of administration. We will report the adjusted odds ratio and 95% 
confidence interval. For the frequency and type of workarounds and MAEs, we will use 
descriptive statistics. Univariate and multivariate logistic regression will determine the 
association between the risk factors with the workarounds.

RESULTS

The project was funded in 2014 and enrollment was completed end 2016. Data analysis 
is underway, and the first results are expected to be submitted for publication end 2017.
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DISCUSSION

The Dutch BCMA study investigates the complex and multifaceted process of medication 
administration to hospital inpatients. Computer technology can assist not only in the pre-
scribing and dispensing of drugs but also their administration. Several studies have shown 
that BCMA systems can contribute to patient safety in this final step of the medication 
distribution process 11-18. On the other hand, computer technology can give rise to new 
MAEs, as is described in the literature 49. Many of these errors occur at the human-ma-
chine interface, for example, due to inadequate training or understanding of the system 
or inadequate equipment. Such factors may lead to workarounds that may compromise 
patient safety. Although several articles have been published qualitatively describing work-
arounds, very little is known about whether they are associated with a higher risk of MAEs.

Strengths and Limitations
The strength of the Dutch BCMA study is that it will provide quantitative information 
about workarounds and their possible association with MAEs, as one of the first studies 
worldwide, to our knowledge. Other strengths are the multicenter design, which enhances 
its generalizability, and the robust method of data collection by disguised observation.

There are some limitations and considerations, however. An important limitation, in gen-
eral, is that the use of BCMA cannot prevent all MAEs. For example, BCMA systems will not 
influence the preparation of intravenous and nonintravenous medication. So, although 
this study will contribute to patient safety, further studies into other ways of preventing 
MAEs will remain necessary.

Although disguised observation is the best method for data collection in MAE studies, 
some limitations are associated with this technique. Despite thorough training of the 
observers, bias may still occur. To overcome observation bias, we considered the use of 
the work observation method by activity timing 34,50. This elegant paperless method is used 
for time- and activity-based observations and is less suitable for observing workarounds 
and MAEs.

The observations may influence the nurse but, from the literature, we know that this effect 
(known as the Hawthorne effect) 51,52 is small. The observer may also become tired and 
thus less accurate. How to train observers is not well documented in the literature. Pat-
terson et al. 19 performed an observational study in acute and long-term care wards using 
observers trained in ethnographic observations in complex settings. Other researchers 
trained nurse students as observers 53. We will use all possible means, as well as the best 
possible literature base, to train the students.
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We will try to reduce confounding by applying multivariate regression analyses (e.g., hos-
pital type, type of ward). However, in this type of observational study design, residual 
confounding may always remain 54.

Last but not least, we plan to conduct our research on internal medicine and surgical 
hospital wards. Although these nursing wards cover a broad range of patient categories, 
our findings cannot be generalized to all patient categories.

CONCLUSION

BCMA has the potential to minimize the occurrence of MAEs, but workarounds may com-
promise this. Knowing how nurses overcome process barriers by using workarounds and 
their association with MAEs will produce opportunities to increase patient safety in the 
process of BCMA further.
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Figure 1. Flowchart of the BCMA process in hospitalsFigure 1. Flowchart of the BCMA process in hospitals 
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APPENDIX 1: POTENTIAL RISK FACTORS FORM

Potential risk factors:

Date and time: ……-……. - 20……… ……………………………………………………………………….......................
Hospital: …………………………………………………………………………………………………………….........................
Ward: …………………………………………………………………………………………………………………........................
Patient number and gender: …………………………………….………………M/F...........................................
Date of birth: ………………………………………………………………………………………………………......................
Nurse name: ……………………………………………………………………………………………………….......................
Drug name, form, and strength: ….………………………………………………………………………....................
…………………………………………………………………………..………………………………………………..........................

A. nurse characteristic
O experienced nurse
O trained nurse
O student nurse
O nurse satisfaction with BCMA

B.  workload characteristics
O number of nurses on ward …………………………………………………………………………..............
O number of patients served by that ward ………………………………………………………...........
O number of medications per round per patient ……………………………………………….........
O number of medication for all patients per round per ward …………………………….......

C. BCMA characteristics
O time after implementation of BCMA on that ward ………………………………………............
O barcode on medication unit dose …………………………………………………………...........Y / N

D.  medication characteristics
O ATC code medication …………………………………………………………………………………...............
O drug administration route …………………………………………………………………………...............

E.  general characteristics
O hospital type ……………………………………………………………………………………………...................
O ward type …………………………………………………………………………………………………..................
O time of medication administration round ……………………………………………………............
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APPENDIX 2: MEDICATION ADMINISTRATION 
ERRORS OBSERVATION FORM

Medication errors observation form:

Date and time: ……-……. - 20……… ……………………………………………………………………….......................
Hospital: …………………………………………………………………………………………………………….........................
Ward: …………………………………………………………………………………………………………………........................
Patient number and gender: …………………………………….………………M/F...........................................
Date of birth: ………………………………………………………………………………………………………......................
Nurse name: ……………………………………………………………………………………………………….......................
Prescribed drug name, form and strength: ….………………………………………………………………………
………………………………………………………………………..……………………………………………….............................

Dosage form is given:
O Tablet
O Capsule
O Oral liquid
O Suppository/enema
O Injection
O Infusion
O Patch
O Ointment/cream etc.
O Eye/ear/nose drop
O Inhalation
O Other, namely……………………………………………………………………………………………………………

The strength of medication given: (in units/g/mg/mcg etc.) ……………………………………...............

Time-window:
O Time given ………………………………………………………………………………………………....................
O Standard time (window 60 minutes before, 60minutes after the scheduled gift of 

medication)
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Route of administration given: 
O oral 
O oral by gastric feeding tube 
O rectal 
O dermal 
O local 
O intravenous 
O intramuscularly
O subcutaneous   
O inhalation 
O transdermal 
O other, namely…………………………………………………………………………………………………….........

Number of tablets/capsules/suppositories given: …………………………………………………................
Injection-/infusion rate: ………………………………………………………………………………………………………….
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APPENDIX 3: WORKAROUNDS
OBSERVATION FORM

Workarounds observation form:

Date and time: ……-……. - 20……… ……………………………………………………………………….......................
Hospital: …………………………………………………………………………………………………………….........................
Ward: …………………………………………………………………………………………………………………........................
Patient number and gender: …………………………………….………………M/F...........................................
Date of birth: ………………………………………………………………………………………………………......................
Nurse name: ……………………………………………………………………………………………………….......................
Drug name, form, and strength: ….………………………………………………………………………....................
…………………………………………………………………………..………………………………………………..........................

Medication scanned: 
O  yes
O scanning barcode unit dose package separately from medication (medication 

already peeled out from the unit dose)
O no

Patient scanned:
O yes, in patient room
O yes, but not in-patient room
O no

Scanning barcode attached to patient:
O yes
O yes, but not scannable
O no

Overruling computer alerts or signals:
O yes
O no
O yes, but alert or signal ignored
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Alerts or signals not seen
O yes
O no

Confirming medication administration before the administration is given to the patient 
(not real-time):

O yes
O no

Scanning medication for more than one patient simultaneously:
O yes
O no

Intake of the medication left to the patient / medication in-house: 
O yes 
O no 

Hardware / software defect or deliberately disabled
O yes
O no
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ABSTRACT

Objective: To study the association of workarounds with medication administration errors 
using BCMA, and to determine the frequency and type of workarounds and medication 
administration errors. 

Materials and Methods: A prospective observational study in Dutch hospitals using 
BCMA to administer medication. Direct observation was used to collect data. Primary 
outcome measure was the proportion of medication administrations with one or more 
medication administration errors. Secondary outcome was the frequency and type of 
workarounds and medication administration errors. Univariate and multivariate multilevel 
logistic regression analysis was used to assess the association between workarounds 
and medication administration errors. Descriptive statistics were used for secondary out-
comes.

Results: We included 5793 medication administrations for 1230 inpatients. Workarounds 
were associated with medication administration errors (adjusted Odds Ratio 3.06 (95% 
CI 2.49; 3.78). Most commonly, procedural workarounds were observed, such as not 
scanning at all (36%), not scanning patients because they wear no wristband (28%), incor-
rect medication scanning, multiple medication scanning and ignoring alert signals (11%). 
Common types of medication administration errors were omissions (78%), administration 
of non-ordered drugs (8.0%) and wrong doses given (6.0%).

Discussion: Workarounds are associated with medication administration errors in hos-
pitals using BCMA. These data suggest that BCMA needs more post-implementation 
evaluation if it is to achieve their intended benefits on medication safety.

Conclusion: In hospitals using barcode-assisted medication administration, workarounds 
occurred in 66% of medication administrations and were associated with large numbers 
of medication administration errors. 
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BACKGROUND AND SIGNIFICANCE

Many hospitals have implemented Information Technology (IT) based systems, such as 
Computerized Physician Order Entry systems (CPOE), to reduce prescribing errors 1-5. 
Also, hospitals have implemented electronic Bar-Code-assisted Medication Administration 
(BCMA) Systems to reduce medication administration errors 6-11. BCMA systems work by 
scanning both the barcode on the medication package and the barcode on the patient’s 
identification wristband to attempt to achieve the ‘five rights’ of medication administration: 
right patient, right medication, right dose, right route and the right time. Several studies 
have shown a reduction in medication (administration) errors after the introduction of a 
BCMA system 12-16.

However, IT systems such as BCMA are not always used as intended or instructed, and 
so-called workarounds can occur 17-20. A workaround is a (temporary) method for achiev-
ing a task when the usual or planned method is not working. In IT, a workaround is often 
used to deal with hardware, programming, or communication problems. Kobayashi et 
al. 21 defined workarounds as ‘informal temporary practices for handling exceptions to 
normal workflow.’ Cresswell et al. 22 studied workarounds in the process of CPOE in several 
hospitals. They found 12 types of workarounds including the use of paper, use of print 
screens, use of word processors and electronic shortcuts. Koppel et al. 19 documented 15 
types of workarounds associated with BCMA systems, such as affixing patients’ identifica-
tion barcoded wristbands to computer carts and carrying several patients’ pre-scanned 
medication on carts.

Furthermore, 31 causes of these workarounds were documented, for example, malfunc-
tioning scanners, unreadable or missing patient identification wristbands, medications 
without a barcode, failing scanner batteries and uncertain and unstable wireless connec-
tivity. The issue with workarounds is that if they are frequently used, they may decrease or 
eliminate the potential benefits of technology. Research on workarounds in the BCMA pro-
cess focused mostly on the qualitative description of the range and type of workarounds 
in the BCMA process 22-25. Little research has been done to quantify the frequency of 
workarounds in the BCMA process and or to explore their potential consequences.
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OBJECTIVE

To determine the association of workarounds with medication administration errors. Sec-
ondary objectives were to determine the frequency and type of workarounds and the 
frequency and type of medication administration errors. 

MATERIALS AND METHODS

Study design 
We performed a multicenter prospective observational study in adult patients admitted to 
a hospital exclusively using BCMA in the medication administration process. The regional 
medical ethics committee (‘Regionale Medisch Ethische Commissie Zorgpartners Fries-
land’) approved the study protocol. The study was registered in the “Dutch trial register” 
with trial ID NTR4355. Study data were coded to ensure the privacy of the participants. A 
detailed version of the study protocol has been published 26. 

Participants
Patients from internal medicine (including cardiology, pulmonary diseases, and geriatrics), 
neurological diseases and surgical wards of four Dutch hospitals operating BCMA to admin-
ister medication were included. Only patients aged 18 years and older were included. 

Definitions and classification
We defined workarounds according to Kobayashi et al. 21, as ‘informal temporary practices 
for handling exceptions to normal workflow’ for that specific ward. Workarounds were 
defined as deviations from the BCMA standard operating procedures of each study ward. 
We classified workarounds using a self-developed classification system which is derived 
from the system of Koppel et al. 19. Workarounds were caused by barriers in the nurse’s 
workflow. We classified six categories of blockades. These were related to (1) procedures 
in general (such as not scanning at all), (2) the patient wristband/identification process 
(such as unreadable wristband or patient sleeping/not in the room, or wristband detached 
from patient), (3) the medication scanning process (such as medication not barcoded), (4) 
Computer or scanner based blockades (such as computer or scanner down or defect), (5) 
the nurse-workflow, the nurse stops medication administration based on a distraction/
disturbance (such as nurse disturbed, in case the standard operating procedure clearly 
stated that the nurse should not respond to distracting situations), and (6) other blockades 
in the administration process (such as no proper medication in the cart). Categories were 
mutually exclusive, for example, if a workaround was classified as a procedural work-
around it was not also classified as not scanning the medication. 
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A medication administration error was defined as “a deviation from the physician’s medica-
tion order as entered in the electronic patient medication record” derived from Allan and 
Barker 27. We excluded time-window-errors and intravenous and non-intravenous prepa-
ration errors because these errors are not preventable by barcode-assisted medication 
administration and are thus unlikely to be influenced by workarounds in the barcode-as-
sisted medication administration process.

The type of medication administration errors was classified using the system of Van 
den Bemt et al. 28 : omission (drug prescribed, but not administered), unordered drug 
administration (drug administered, but not prescribed), wrong dosage form (drug dosage 
form administered to the patient deviating from prescribed dosage form), wrong route 
of administration (drug given by a wrong route of administration), wrong administration 
technique (drug administered using a wrong technique), wrong dosage (drug dosage too 
high or low) and other medication administration errors. We excluded time-window-errors 
as these are mostly perceived as non-serious.

Setting
All included hospitals had implemented CPOE and BCMA. There is a variety of soft-
ware being used, both for the CPOE and for the BCMA. As a consequence, procedures 
for prescribing and medication administration differed between hospitals. Medication 
administration procedures within a hospital varied slightly between wards because of 
differences in patient groups or tasks. The included hospitals used barcode-labeled 
Unit Dose Systems (UDS) for medication distribution to inpatients. In the pharmacy 
departments, pharmacy technicians dispensed barcode-labeled medication sachets 
for individual patients into trays labeled with the patient’s name and barcode. Trays 
were placed in medication carts which were delivered to the wards once a day (or 
more frequently). Wards did not have ward-based medication stock (except emergency 
medication). In general, there were four scheduled medication administration rounds 
per day in the participating hospitals: 6-10 am, 10-2 pm, 6-8 pm, and 8-10 pm. One 
nurse was responsible for medication administration for one administration round per 
ward. Registered nurses supervised nurse trainees. During a drug administration round, 
nurses selected the prescribed medication for each inpatient from the prefilled trays. In 
addition to the cart, nurses also took along the computer on wheels or the workstation 
on wheels to access the BCMA system during the drug administration round. The BCMA 
systems in use checked the concordance between the patient, administered drug, and 
prescription. Inpatients did not use their own (out-hospital prescribed) medication. More 
details can be found in the published protocol 26. 
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Outcome measures 
The primary outcome measure of the study was the proportion of medication adminis-
trations given to a patient with one or more medication administration errors. For this 
outcome, the association with the occurrence of one or more workarounds was studied. 
Secondary outcomes were the frequency and type of workarounds and the frequency and 
type of medication administration errors in the BCMA process. 

Covariates
Factors likely to influence the association between workarounds and medication admin-
istration errors were included in our analysis. The following factors were considered: 
Hospital / BCMA characteristics (time after implementation of BCMA in the hospital), the 
type of ward, the day of the week, dispensing time for the medication rounds, medica-
tion characteristics (ATC code medication, drug administration route) and the number of 
medicines per patient per round. These covariates were selected based on the research 
of Schimmel et al. 29, and Van den Bemt et al. 30, their known or theoretical associations 
with the outcomes and their availability in the dataset.

Data collection
The disguised observation method was used to collect data on medication administra-
tions and workarounds. Three trained observers, all pharmacy undergraduate students, 
accompanied the nurses and observed them while they administered medication during 
their regular planned rounds. The observers were supervised by the researchers and a 
local hospital pharmacist. To prevent the nurses from adjusting their behavior (due to the 
presence of the observer) the observer was introduced as a person intended ‘to monitor 
the performance of the medication distribution system on that ward in general.’ 

Before data collection, the observer set up an observation schedule. Observational rounds 
were selected randomly out of all of the regular medication distribution rounds of a spe-
cific ward. During a five months observation period per hospital, at least three rounds were 
observed each day of the week, with a weekly minimum of 21 medication administration 
rounds. 

In practice, the observer accompanied the nurse who administered the medication using 
BCMA and observed the administration of each dose of medication to the patients. The 
observer recorded details of the drug administration to the patients. In case the observers 
were aware of a potentially serious error, the observer intervened for ethical reasons, but 
the error was included in the dataset. If the observer was not able to see the detailed 
medication administration, this was noted, and these data were discarded.
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After each observed medication administration round, a computer printout of the pre-
scribed medication of all patients for that round was collected from the hospital’s electronic 
patient records. Subsequently, observation records were compared with the prescribed 
medication to identify medication administration errors. Observation records were also 
compared with the standard operating procedures of the BCMA process for that specific 
nursing department, to identify workarounds. 

Training of the observers
Observers were trained by studying relevant literature on observational techniques 31-42, 
practical exercises on observing techniques and completing a theoretical (written) exam. 
The observers needed to pass the exam scoring 8 out of 10 points, having two chances 
to pass the exam, to be able to observe. Observers studied the standard operating pro-
cedures for drug administration and the BCMA systems of the nursing departments. 
Each observer performed pilot observations for one week on one nursing department 
to become familiar with the BCMA process. Pilot observations were discussed with the 
research team to ensure consistency in definitions and data collection procedures among 
observers. Pilot data were discarded. 

Sample size calculation
Prior studies on the effect of BCMA showed a substantial reduction (about 30%) of errors 
after the implementation of BCMA (from 14.4% (4743 errors in 32972 observations) to 
9.9% (2651 errors in 26892 observations)) 7,9,16,43. The nearly 10% error rate was a mix of 
all resulting errors, including those caused by workarounds. 

The purpose of the sample size calculation was to estimate the number of observations 
needed to reject the null hypothesis, stating that there was no association between work-
arounds and medication administration errors, with a power of 90%. We assumed that 
8% of medication administrations per patient per nurse resulted in a workaround. We 
also assumed that the frequency of medication administration errors following a work-
around was twofold higher compared with the situation without a workaround; resulting 
in relative risk (RR) of 2. 

With alpha 0.05 and a power of 0.9, we needed to observe 1500 medication administra-
tions per hospital to reject the null hypothesis. 
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Data monitoring
All data were entered into an Access database (vs. 2010, Microsoft Inc.). A second 
researcher checked 10% of the entered data. If data entry errors were found, additional 
portions of 10% of the data were checked until no errors were found within a portion. 
Passwords secured access to the research databases. Before data analysis, the final data-
base was locked.

Statistical analysis
Medication administration errors were dichotomized as having 1 (≥ one error) vs. 0 (no 
errors). The association between one or more workarounds and the occurrence of one 
or more medication administration errors was analyzed using logistic mixed models. In 
all models, we included a random intercept to account for the potential dependence of 
observations as most of the time the same nurse made more than one observation. First, 
a crude analysis was performed and additionally an adjusted analysis in which we adjusted 
for the hospital, type of nursing department, the day of the week, dispensing time, the 
number of drugs per round, and route of administration as the independent variables. 
Mixed model analyses were conducted with MLWIN version 6.3 and all other analyses 
with SPSS version 23.0.
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RESULTS

Primary outcomes 
In the four participating hospitals we observed overall 6021 medication administrations. 
A total of 228 (3.8%) of them were excluded because of inconsistencies or because the 
observer could not see the administration in detail. The observers did not have to inter-
vene to prevent potentially serious errors. We included 5793 medication administrations 
given to 1230 patients (Table 1). In 3633 (63%) medication administrations one or more 
workarounds were observed, and of those, 299 (8.2%) were erroneous. In the remaining 
2160 (37%) medication administrations, we did not observe workarounds. In these med-
ication administrations 16 (0.7 %) were erroneous. The occurrence of ≥ two medication 
administration errors was rare (0.07% of all observations). Baseline characteristics of 5793 
observed medication administrations in the analyses are presented in Table 2. In both the 
crude and the adjusted analyses, we found a statistically significant association between 
workarounds and medication administration errors (crude Odds Ratio (OR): 3.14 (95% CI 
2.52; 3.92) and adjusted OR 3.06 (95% CI 2.49; 3.78) (Table 3)).

Table 1. Characteristics of observed medication administrations per hospital

  Hospital 1 Hospital 2 Hospital 3 Hospital 4 Total

Number of observed patients 310 380 297 243 1230

Number of observed nurses 83 69 72 48 272

Number of observed medication 
administrations

1528 1757 1497 1011 5793

Number of observed workarounds 523 925 1315 870 3633

Number of medication administration 
errors in drug administrations with a 
workaround 

18 156 32 93 299

Number of medication administration 
errors in drug administrations without 
a workaround 

0 6 0 10 16

Secondary outcomes
Procedural workarounds (such as not scanning at all) were most common (n=1307, 36%). 
Other workarounds concerned patient scanning (such as no barcode wristband on the 
patient) (n=1017, 28%), and medication scanning (including scanning before actual admin-
istration, scanning medication for more than one patient at a time, and ignoring alerts) 
(n=400, 11%). Common types of medication administration errors were omissions (n=233, 
78%), administration of non-ordered drugs (24, 8.0%) and wrong doses given (18, 6.0%) 
(Table 4). 
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Table 2. Baseline characteristics of 5793 observed medication administrations

Determinant Category One or more 
medication 
administration errors 
in administrations 
with one or more 
workarounds (in total 
3633), N (%)

One or more 
medication 
administration errors 
in administrations 
without workarounds 
(in total 2160), N (%)

Hospital a Hospital 1
BCMA since 2006

7 (6) 0 (0)

Hospital 2
BCMA since 2008

156 (52) 6 (37.5)

Hospital 3
BCMA since 2011

30 (11) 0 (0)

Hospital 4
BCMA since 2009

93 (31) 10 (62.5)

Type of Nursing Department Cardiology 42 (14) 3 (18.75)

Pulmonology Medicine 23 (8) 3 (18.75)

Geriatrics 21 (7) 3 (18.75)

General Internal Medicine 39 (13) 1 (6.25)

Neurology 28 (9) 0 (0)

Surgery 85 (29) 5 (31.25)

Orthopedics 24 (8) 1 (6.25)

Other 34 (12) 0 (0)

Day of the Week Monday 42 (14) 3 (18.75)

Tuesday 57 (19) 2 (12.50)

Wednesday 39 (13) 5 (31.25)

Thursday 47 (16) 3 (18.75)

Friday 54 (19) 1 (6.25)

Saturday 30 (10) 2 (12.50)

Sunday 27 (9) 0 (0)

Schedule in 24 hours 06-10 124 (42) 6 (37.50)

10-14 21 (7) 1 (6.25)

14-18 90 (30) 8 (50.00)

18-22 61 (21) 1 (6.25)

ATC A 79 (27) 5 (31.25)

B 19 (6) 3 (18.75)

C 25 (8) 1 (6.25)

J 10 (3) 2 (12.50)

M 14 (5) 0 (0)

N 93 (33) 2 (12.50)

R 16 (5) 0 (0)

S 18 (6) 1 (6.25)

Other (D,G,H,L,P,V,Y,Z) 79 (27) 2 (12.50)
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Table 2. Continued

Determinant Category One or more 
medication 
administration errors 
in administrations 
with one or more 
workarounds (in total 
3633), N (%)

One or more 
medication 
administration errors 
in administrations 
without workarounds 
(in total 2160), N (%)

Number of drugs per Patient 
per round

1 139 (47) 5 (31.25)

2 37 (12) 3 (18.75)

≥3 120 (41) 8 (50.00)

Route of Administration Oral 216 (73) 13 (81.25)

Other 80 (27) 3 (18.75)
a = more than one medication administration error in three observed workarounds

Table 3. Univariate and Multivariate analyses of 5793 observed medication administrations

Category Medication 
administration 
errors N (%)

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)

Adjusted for:

0 workarounds 16 (0.28) Ref. Ref.

1 or > 1 workaround(s) 296 (5.11) 3.14 (2.52; 3.92) 3.06 (2.49; 3.78) hospitals, type of nursing 
department, the day of 
the week, schedule in 24 
hours, ATC, the number 
of drugs per round, the 
route of administration 

Ref. = Reference category
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DISCUSSION

We found a significant association between workarounds and medication administration 
errors in hospitals using BCMA technology. Nurses did not use the BCMA technology as 
intended in more than two-thirds of drug administrations and this increased the risk of 
medication administration errors. 

The high frequency of workarounds in our study is in line with the findings of Rack et al. 17 
and Koppel et al. 19. Likewise, our medication administration error rate is similar to rates 
reported in recent systematic reviews (Barker et al. 43 and Keers et al. 44) although most 
of the included studies did not evaluate BCMA systems. Only a few studies focused spe-
cifically on BCMA systems. In a more recent but small study, Hardmeier et al. 45 found 5% 
medication administration errors including time-window-errors while using BCMA. This 
study was performed in a children’s hospital, including 300 observations. 

The strength of this study is that it provides quantitative information about workarounds 
and their possible association with medication administration errors, as one of the first 
studies worldwide. Other strengths are the multicentre design, which enhances its gener-
alizability, and the robust method of data collection by disguised observation. The study 
also has some limitations. Although disguised observation is considered to be the best 
method for data collection in medication administration error studies 37,42,46,47, observation 

Table 4. The frequency of workarounds and medication administration errors

Workarounds 
caused by 
procedural 
blockade

Workarounds 
caused by patient 
scanning blockade 

Workarounds 
caused by 
medication 
scanning blockade 

Workarounds 
caused by 
computer or 
scanner blockade 

Workarounds 
caused by nurse 
related blockade 

Workarounds 
caused by 
another blockade 
in medication 
administration 

Total observations 
with work-
arounds and 
administration 
errors

Total observations 
without work-
arounds with 
administration 
errors

1307 out of 3663 
(36%)

1017 out of 3663 
(28%)

400 out of 3663 
(11%)

77 out of 3663 (2%) 270 out of 3663 
(7%)

562 out of 3663 
(16%)

3633* 16 out of 2160 
(0.74%)

Medication administration errors 
(MAE’s) N N N N N N N (%) N (%)

Omission 27 14 44 46 6 96 233 (78.0) 11 (68.8)

Unordered drug 
administration

- - - - - 24 24 (8.0)  1 (6.2)

Wrong dosage form - - - 1 - 5 6 (2.0) -

Wrong route of administration 3 2 - - - 8 13 (4.3) -

Wrong technique of administration 1 - - - - 2 3 (1.0) -

Wrong dosage - - - 1 6 11 18 (6.0)  4 (25)

Other MAE - - - - - 2 2 (0.7) -

*= more than one medication administration error in three observed workarounds
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bias may still occur. The process of medication administration is often very fast. We trained 
the observers to stay close to the nurse administering the medication and to observe every 
single administration in detail. Only a small number of observations had to be discarded 
because the observers could not collect all necessary data for a medication administration. 
Observers may have paid closer attention to detect a medication administration error 
when they observed a workaround. We trained the observers carefully however and used 
standard definitions. The observer may also become tired and therefore less accurate and 
could make random errors. The observer works solo; it would have been better to perform 
observations by two observers, but the necessary staffing for this was not available. The 
observations may influence the nurse, but from the literature, we know this effect (the 
Hawthorne effect 48) tends to be small.

Furthermore, a recent Australian study provides evidence that healthcare workers such as 
nurses do not alter their activities based on the presence of an observer 32. Notwithstand-
ing all our precautions, due to the inherent limitations of disguised observation errors may 
have occurred. However, we believe these errors to be random in the sense that these 
were unlikely to occur more often in the presence than in the absence of a workaround. 
Using disguised observation as a source of data also comes with some ethical issues 41. 
One of the ethical questions that can be raised is whether observers have the right to 
observe persons who are not aware of the presence or the tasks of the observer. After 
all, the observers were unknown to the patients and not introduced to them. However, 
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*= more than one medication administration error in three observed workarounds
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patients were not disturbed and did not experience any discomfort caused by the obser-
vations. In addition to the national permission for this study, every participating hospital 
was informed as well and received copies of the research protocol and the nationwide 
approval of our research, and no objection was noted. Finally, this research was carried out 
in internal medicine and surgical hospital nursing departments. Although these nursing 
departments cover a broad range of patient categories, our findings may not be general-
izable to other nursing departments.

We developed a classification system for blockades and resulting workarounds derived 
from Koppel et al. 19. We found more “procedural blockades” and “other blockades in med-
ication administration” than expected. Furthermore, we found large differences between 
hospitals in the frequency and type of workarounds and medication administration errors. 
These may be due to differences in the software systems 26 and in training in using BCMA 
systems. This will be an interesting topic for future research. In some hospitals, the nurses 
hardly used the scanner unit of the BCMA system. Informal conversations with nursing 
staff in those hospitals suggested that they may have had insufficient instructions on how 
to use the scanners, also scanners were considered to be clumsy to use. In other hospitals, 
we observed the following practical problems: the medication carts and the computer on 
wheels including the scanner were too large to roll them in some of the patient’s rooms 
and therefore they remained in the hallway. In these cases, the workarounds seemed to 
be established and became accepted practice on how to use the BCMA systems. Investi-
gating the reasons for accepting the workarounds, and how to overcome these problems 
needs more work. Furthermore, in the case of, for example, poor software system design, 
users of these systems could be forced to perform workarounds to prevent patient harm, 
which is an interesting topic for future research as well. 

Hence, the reason we observed so many workarounds in our research (in line with earlier 
findings) is unclear and deserves additional research. The BCMA techniques did not seem 
to fit well with the daily workflow of nurses who were facing both hardware and software 
blockades. Healthcare information technology systems should be well designed, prop-
erly implemented and match with the daily workflow, knowledge, and culture of users 
49. In the system design process of information technology, the future users of these 
systems should be taken into account. The poor human-machine interface may increase 
the chance that healthcare workers face workflow obstacles and use workarounds 50-52. 
Performing prospective risk analyses before implementing healthcare information tech-
nology could be one solution. One study showed a trend for more user satisfaction with 
the information technology system in hospitals using prospective risk analyses, and this 
may enhance the proper use of the system 53. Others used the Theoretical Domains 
Framework to identify barriers to the appropriate use of technology 50. Also, the correct 



Associations between workarounds and MAEs in BCMA

133

6

and intended use of information technology systems such as BCMA does not stop after 
the implementation procedure of that system and the software. Not only do the systems 
and software need to have a correct fit with the daily workflow of the users but intensive 
training and re-training of these users are also needed to use information technology as 
intended to prevent patient harm. These results have several implications. They suggest 
that every institution should track the frequency of workarounds, at least initially after 
implementation of BCMA, and then intervene to try to reduce their frequency. Also, our 
study results may be used to develop training programs providing solutions for the prob-
lems which lead to workarounds.  

CONCLUSION

In hospitals using bar-code-assisted medication administration, workarounds occurred 
in two-thirds of medication administrations and were associated with a large number of 
medication administration errors. These data suggest that BCMA needs more post-imple-
mentation evaluation if it is to achieve its intended benefits on medication safety.
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ABSTRACT

Objective: We measured factors associated with workarounds in bar-code-assisted med-
ication administration (BCMA) in hospitals.

Materials and Methods: We performed a prospective observational study in Dutch 
hospitals using BCMA to administer medication. Disguised observation of medication 
administrations was used to collect data. The outcome was medication administrations 
with one or more workarounds in hospital inpatients, using BCMA. Univariate and multi-
variate multilevel logistic regression analysis was performed to identify factors associated 
with workarounds. Medications were classified using the Anatomic Therapeutic Chemical 
Classification (ATC). 

Results: We included 5793 medication administrations among 1230 inpatients. In 3633 
medication administrations (62.7%), one or more workarounds were observed. Factors 
significantly associated with workarounds were: the time of the medication round [med-
ication shifts 10-14 hour (adjusted Odds Ratio (OR) 2.43, 95% Confidence Interval (CI) 
1.27-4.64) and 14-18 hour (adjusted OR 1.89, 95% CI 1.15-3.10) versus the morning shift 
06-10 hour], the day of the week [Monday (adjusted OR 3.14, 95% CI 1.72-5.72), Wednes-
day (adjusted OR 2.05, 95% CI 1.26-3.34), Thursday (adjusted OR 1.82, 95% CI 1.08-3.07), 
Friday (adjusted OR 1.89, 95% CI 1.02-3.51), Saturday (adjusted OR 2.35, 95% CI 1.34-4.13) 
versus Sunday], the route of medication [non-oral (adjusted OR 1.25, 95% CI 1.02-1.53) 
versus oral administrations], the ATC classification [medication from the infrequently used 
ATC classes (eg. dermatologicals) (adjusted OR 1.51, 95% CI 1.07-2.13) versus ATC class 
A (alimentary tract and metabolism)], and a higher patient-nurse ratio, ≥ 6 to 1 (adjusted 
OR 1.98, 95% CI 1.53-2.57) versus ≤ 5 to 1. 

Conclusion: We identified factors associated with workarounds that could be used to 
target future improvement efforts.



Factors associated with workarounds in BCMA in hospitals

141

7

BACKGROUND

Electronic Bar-Code-assisted Medication Administration systems (BCMA) have been intro-
duced to reduce medication administration errors 1. The information from scanning the 
barcode on the medication package and the barcode on the patient’s identification wrist-
band can be checked against electronic prescribing information. An alert is given in case 
of a mismatch. Sometimes the nurse is also bar-coded so that the individual administering 
the medication can also be identified. Several studies have shown a reduction in medica-
tion administration errors after the introduction of a BCMA system 1-3. 

However, in practice, Information Technology (IT) based systems such as BCMA are not 
always used as intended by nursing staff as they adopt so-called workarounds 4-8. Work-
arounds have been defined as ‘informal temporary practices for handling exceptions 
to normal workflow’ 9. Workflow can be changed, either once, temporarily, or over an 
extended period, but identity, purpose or construction of the system remains unchanged 
10. Nursing staff adopts workarounds to deal with perceived issues, which may relate to 
lack of confidence in the technology, the time that using it takes, or other issues relating 
to hardware, programming, screen-design, user-knowledge or communication problems 
5,11,12. Identification of workarounds is essential to implement better-designed software, 
processes, and workflow. Workarounds can improve efficiency, but may also compromise 
the safety and effectiveness of patient care 13-16. In our previous study in four hospitals 
in the Netherlands 17,18, we observed 3633 workarounds in 5793 medication administra-
tions given to 1230 inpatients using BCMA to administer medication. Workarounds were 
associated with medication administration errors (odds ratio (OR) 3.06, 95% confidence 
interval [95% CI 2.49-3.78]) 18. The most frequently occurring workarounds were proce-
dural deviations such as not scanning at all (36%) and workarounds of the patient scanning 
process such as attaching patients’ wristbands to beds or carts (28%). Other research 
identified circumstantial factors for performing workarounds 12,19,20 but focused mainly on 
the usability of the BCMA system. 

Our data provide the opportunity to study the situations in which workarounds occur. 
Quantifying the factors that contribute to workarounds is a first step to develop inter-
ventions to reduce the frequency of user workarounds in BCMA assisted medication 
administration in hospitals. Therefore, we aimed to identify factors associated with work-
arounds in BCMA.
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MATERIALS AND METHODS

Study design 
This research was a multicenter prospective observational study in adult patients (aged 
18 years and older) admitted to a hospital exclusively using BCMA in the medication 
administration process. A detailed version of the study protocol has been published 17. 
The regional medical ethics committee (in Dutch: ‘Regionale Medisch Ethische Commissie 
Zorgpartners Friesland’) approved the study protocol. The study was registered in the 
“Dutch trial register” with trial ID NTR4355. Study data were coded to ensure the privacy 
of the participants. 

Setting
The study was performed from May 2015 to March 2016. All four included hospitals oper-
ated Computerized Physician Order Entry (CPOE) and BCMA each using different software 
for both the CPOE and the BCMA. In the pharmacy departments, pharmacy technicians 
dispensed unit-dose bar-code-labeled medication for inpatients into trays labeled with 
both the patient’s name and barcode ID. Trays were placed in medication carts, which 
were delivered to the wards once a day (or more frequently). In general, four medication 
administration rounds per day were scheduled in the participating hospitals: 6-10 am, 
10am-2 pm, 6-8 pm, and 8-10 pm. One nurse was responsible for medication adminis-
tration for one administration round per ward. Nurse trainees were accompanied and 
supervised by registered nurses. During a drug administration round, nurses selected the 
prescribed medication for each patient from the prefilled trays in the carts. Nurses used 
the computer or workstation on wheels to access the BCMA system during the medication 
administration round. They scanned the barcode of the patient and the medication and 
then, the BCMA systems checked the concordance between the patient, the administered 
medication, and the physician’s prescription. 

Participants
Patients from internal medicine (including cardiology, pulmonary diseases, and geriat-
rics), neurology and surgical (including pediatrics) wards of four Dutch hospitals using 
BCMA to administer medication were included. Patients aged 17 years and younger 
were excluded. 

Data collection
The disguised observation method 21 was used to collect data on medication admin-
istrations and workarounds. To prevent the nurses from adjusting their behavior (due 
to the presence of the observer) the observer was introduced as a person intended ‘to 
monitor the performance of the medication distribution system on that ward in general.’ 
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The following observation schedule was followed for each ward: at least three rounds 
were observed each day of the week, with a weekly minimum of 21 medication adminis-
tration rounds. In practice, the observer accompanied the nurse who administered the 
medication using BCMA and observed the administration of each dose of medication 
to the patients. The observer recorded details of the drug administration to the patient 
using a structured data collection form 17. In case the observer noticed a potentially dan-
gerous error, they intervened for ethical reasons, while retaining these observations in 
the dataset. If he or she could not see the details of the medication administration, this 
was noted, and these observations were excluded. Observation records were compared 
with the standard operating procedures of the BCMA process for that specific ward, to 
identify workarounds. 

Definition and classification
We defined workarounds using the definition of Kobayashi et al. 9 as ‘informal temporary 
practices for handling exceptions to normal workflow.’ We classified workarounds using 
a self-developed classification system which we derived from the approach of Koppel 
et al. 5,17.

Outcome measure and potential factors
The primary outcome was medication administrations with one or more workarounds 
in hospital inpatients, using BCMA. Potential factors evoking workarounds were selected 
based on recent research of Van den Bemt et al. 22, Schimmel et al. 23, Driscoll et al. 24, Aiken 
et al. 25 , Spetz et al. 26 , Donaldson and Shapiro 27 and Wise 28. The following factors were 
included to analyze their association with workarounds: general characteristics (hospital 
type, ward type, time of medication round, day of the week, patient age and gender), 
medication characteristics [percentage barcoded medication, route of administration, 
the first level of the Anatomic Therapeutic Chemical classification, an international drug 
classification system, aimed to categorize the active ingredients of drugs according to the 
organ or system on which they act and their therapeutic, pharmacological and chemical 
properties (Table 1), developed by the World Health Organization (WHO) 29,30 (ATC code), 
of the medication (medications with less than 75 observations were categorized as ‘other, 
infrequently used ATC classes’)], nurse characteristics (work experience [≤24 months, >24 
months]) and training (student nurse versus registered nurse), and workload characteris-
tics (median number of medications in cart per round [<34, ≥ 34], number of medications 
in cart per round per patient [1, 2, ≥3], and nurse workload, expressed as the patient-
nurse ratio which was calculated as the number of occupied beds divided by the number 
of registered nurses on that ward during one shift.
 



Chapter 7

144

Table 1. Anatomic Therapeutic Chemical (ATC) classification system

ATC Code  Drugs related to organ system or use

A  Alimentary tract and metabolism

B  Blood and blood-forming organs

C  Cardiovascular system

D  Dermatological medication

G  Genito-urinary system and sex hormones

H  Systemic hormonal preparations, excluding sex hormones and insulins

J  Anti-infective for systemic use

L  Antineoplastic and immunomodulating agents

M  Muscular-skeletal system

N  Nervous system

P  Antiparasitic products, insecticides and repellents

R  Respiratory system

S  Sensory organs, eye, nose, ear

V  Various drugs
Y Not supplied
Z Not relevant

Statistical analysis
The association between factors and the occurrence of workarounds was analyzed using 
logistic mixed models. In all models, we included a random intercept at the ward and the 
nurse level, to account for the potential dependence of observations as most of the time 
more than one observation was made for the same nurse. Owing to observed multicol-
linearity between the training of the nurse (student nurse versus registered nurse) and 
the work experience (≤24 months versus >24 months) of the nurse, we only included 
working experience as a variable in the model. The type of hospital (general versus train-
ing hospital) corresponded with the percentage of medication supplied with a barcode 
(< 99% versus ≥ 99%). Therefore, we did not include the hospital type in the analysis. 
First, univariate analyses were performed in which we examined the factors individually. 
Subsequently, we performed a multivariate analysis in which we included the hospital 
(= % barcode), type of nursing department, the day of the week, time of the medication 
round, ATC classes, the number of drugs per round, and route of administration as the 
independent variables. Mixed model analyses were conducted with MLWIN version 6.3 
and all other analyses with SPSS version 23.0.
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RESULTS

The characteristics of the study hospitals and nurses are presented in Table 2. In the 
four participating hospitals, we observed 6021 medication administrations. A total of 
228 (3.8%) of them were excluded because of inconsistencies or because the observer 
could not see the administration in detail. We included 5793 medication administra-
tions to 1230 inpatients. In 3633 administrations (62.7%), one or more workarounds 
were observed. 

Factors significantly associated with workarounds in the multivariate analysis were 
the medication round (medication shifts 10-14 hour (adjusted OR 2.43, 95% CI 1.27-
4.64) and 14-18 hour (adjusted OR 1.89, 95% CI 1.15-3.10) versus the morning shift 
06-10 hour), the workdays Monday (adjusted OR 3.14, 95% CI 1.72-5.72), Wednesday 
(adjusted OR 2.05, 95% CI 1.26-3.34), Thursday (adjusted OR 1.82, 95% CI 1.08-3.07), 
Friday (adjusted OR 1.89, 95% CI 1.02-3.51), Saturday (adjusted OR 2.35, 95% CI 1.34-
4.13) versus Sunday, the route of medication, non-oral (adjusted OR 1.25, 95% CI 
1.02-1.53) versus the oral route of drug administration, the ATC-coded medication 
other, infrequently used ATC classes (D,G,H,L,P,V,Y,Z) (adjusted OR 1.51, 95% CI 1.07-
2.13) versus ATC class A. and the patient-nurse ratio, ≥ 6 to 1 (adjusted OR 1.98, 95% 
CI 1.53-2.57) versus ≤ 5 to 1 (Table 3).

Table 2. Characteristics of study hospitals (N=4) and nurses (N=272)

Characteristics Category N %

Hospitals (n=4) Location Rural area 2 50

Urban area 2 50

Number of beds 1 200-400 1 25

401-600 2 50

601-800 1 25

Hospital type General 3 75

Teaching 1 25

Hospital BCMA experience 2-4 year 1 25

4-6 year 2 50

6-8 year 1 25

Nurses (n=272)

Gender Male 24 8.8

Female 248 91.2

Education level Student nurse 33 12.1

Registered nurse 236 86.7

Unknown 3 1.2

Experience as a Registered nurse ≤ 24 months 36 15.3
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Table 2. Continued

Characteristics Category N %

Nurses (n=272)
(Continued)

>24 months 198 83.9

Unknown 2 0.8

Registered nurse BCMA 2 experience ≤ 6 months 28 11.9

> 6 months 206 87.3

Unknown 2 0.8

Nursing ward Cardiology 39 14.3

Pulmonary diseases 29 10.7

Geriatrics 15 5.5

Internal medicine 53 19.5

Neurological 
diseases

35 12.9

Surgical diseases 60 22.1

Orthopedics 30 11.0

Other type of nursing 
ward

11 4.0

1= based on information dated 2013
2= Barcode-Assisted Medication Administration

Table 3. Univariate and multivariate analysis of factors associated with workarounds (WA) in 5793 (2160 without 
WA, 3633 with WA) observations in Barcode assisted medication administrations (BCMA), (N and %)

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics

Ward type Cardiology 341 5.89 682 11.77 Ref* - Ref* -

Pulmonary diseases 380 6.56 278 4.80 0.07 0.01-0.64 0.35 0.12-1.02

Geriatrics 159 2.74 122 1.93 0.09 0.01-1.47 1.41 0.34-5.90

Internal medicine 406 7.01 611 10.55 0.78 0.12-4.98 1.69 0.67-4.24

Neurological diseases 219 3.78 425 7.34 0.68 0.07-6.90 1.09 0.38-3.13

Surgical diseases 406 7.01 1008 17.40 0.74 0.10-5.30 1.39 0.56-3.45

Orthopedics 153 2.64 447 7.72 0.74 0.06-8.63 1.19 0.40-3.56

Other type of nursing ward, e.g., day care 96 1.66 60 1.04 0.17 0.01-6.53 0.98 0.19-5.10

Time of medication shift 06-10 hour 1509 26.05 1775 30.64 Ref* - Ref* -

10-14 hour 98 1.69 160 2.76 1.39 1.07-1.80 2.43 1.27-4.64

14-18 hour 472 8.15 472 8.15 0.85 0.74-0.98 1.89 1.15-3.10

18-22 hour 81 1.40 1226 21.16 12.86 10.17-16.28 1.05 0.29-3.83

Day of the week Sunday 159 2.74 374 6.46 Ref.* - Ref.* -

Monday 228 3.94 504 8.07 16.98 5.65-50.99 3.14 1.72-5.72

Tuesday 360 6.21 572 9.87 2.70 0.96-7.56 1.41 0.79-2.50

Wednesday 377 6.51 681 11.76 4.00 1.84-8.71 2.05 1.26-3.34

Thursday 405 6.99 723 12.48 6.60 2.51-17.34 1.82 1.08-3.07

Friday 290 5.01 331 5.71 4.66 1.70-12.75 1.89 1.02-3.51

Saturday 305 5.26 374 6.46 8.47 3.13-22.94 2.35 1.34-4.13
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Table 2. Continued

Characteristics Category N %

Nurses (n=272)
(Continued)

>24 months 198 83.9

Unknown 2 0.8

Registered nurse BCMA 2 experience ≤ 6 months 28 11.9

> 6 months 206 87.3

Unknown 2 0.8

Nursing ward Cardiology 39 14.3

Pulmonary diseases 29 10.7

Geriatrics 15 5.5

Internal medicine 53 19.5

Neurological 
diseases

35 12.9

Surgical diseases 60 22.1

Orthopedics 30 11.0

Other type of nursing 
ward

11 4.0

1= based on information dated 2013
2= Barcode-Assisted Medication Administration

Table 3. Univariate and multivariate analysis of factors associated with workarounds (WA) in 5793 (2160 without 
WA, 3633 with WA) observations in Barcode assisted medication administrations (BCMA), (N and %)

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics

Ward type Cardiology 341 5.89 682 11.77 Ref* - Ref* -

Pulmonary diseases 380 6.56 278 4.80 0.07 0.01-0.64 0.35 0.12-1.02

Geriatrics 159 2.74 122 1.93 0.09 0.01-1.47 1.41 0.34-5.90

Internal medicine 406 7.01 611 10.55 0.78 0.12-4.98 1.69 0.67-4.24

Neurological diseases 219 3.78 425 7.34 0.68 0.07-6.90 1.09 0.38-3.13

Surgical diseases 406 7.01 1008 17.40 0.74 0.10-5.30 1.39 0.56-3.45

Orthopedics 153 2.64 447 7.72 0.74 0.06-8.63 1.19 0.40-3.56

Other type of nursing ward, e.g., day care 96 1.66 60 1.04 0.17 0.01-6.53 0.98 0.19-5.10

Time of medication shift 06-10 hour 1509 26.05 1775 30.64 Ref* - Ref* -

10-14 hour 98 1.69 160 2.76 1.39 1.07-1.80 2.43 1.27-4.64

14-18 hour 472 8.15 472 8.15 0.85 0.74-0.98 1.89 1.15-3.10

18-22 hour 81 1.40 1226 21.16 12.86 10.17-16.28 1.05 0.29-3.83

Day of the week Sunday 159 2.74 374 6.46 Ref.* - Ref.* -

Monday 228 3.94 504 8.07 16.98 5.65-50.99 3.14 1.72-5.72

Tuesday 360 6.21 572 9.87 2.70 0.96-7.56 1.41 0.79-2.50

Wednesday 377 6.51 681 11.76 4.00 1.84-8.71 2.05 1.26-3.34

Thursday 405 6.99 723 12.48 6.60 2.51-17.34 1.82 1.08-3.07

Friday 290 5.01 331 5.71 4.66 1.70-12.75 1.89 1.02-3.51

Saturday 305 5.26 374 6.46 8.47 3.13-22.94 2.35 1.34-4.13
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Table 3. Continued

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics (Continued)

Patient age < 74 years of age 1072 18.51 1855 32.02 Ref* - Ref* -

≥ 74 years of age 1088 18.78 1778 30.69 0.91 0.76-1.09 0.95 0.83-1.10

Patient gender Men 1037 17.90 1657 28.60 Ref.* - Ref.* -

Women 1123 19.39 1976 34.11 0.83 0.69-1.00 0.91 0.79-1.04

Medication characteristics

% barcoded medication ≥ 99% 713 12.31 815 14.07 Ref* - Ref* -

< 99% 1447 24.98 2818 48.64 0.34 0.08-1.49 0.80 0.41-1.57

Route of administration Oral medication 1831 31.61 2951 50.94 Ref* - Ref* -

Non-oral route 3 329 5.68 682 11.77 1.19 1.02-1.39 1.25 1.02-1.53

ATC4 code ATC A 556 9.60 757 13.07 Ref* - Ref* -

ATC B 182 3.14 381 6.58 1.03 0.82-1.28 0.97 0.75-1.26

ATC C 479 8.27 620 10.70 0.95 0.80-1.13 0.97 0.81-1.17

ATC J 67 1.16 187 3.23 1.40 1.03-1.91 1.39 0.97-1.99

ATC M 68 1.17 104 1.80 1.12 0.79-1.58 1.13 0.78-1.64

ATC N 530 9.15 1095 18.90 1.04 0.89-1.22 1.03 0.86-1.23

ATC R 119 2.05 235 4.06 1.02 0.79-1.31 0.91 0.66-1.25

ATC S 86 1.48 110 1.90 0.93 0.68-1.28 0.87 0.60-1.26

Infrequently used classes (D,G,H,L,P,V,Y,Z) 

5
73 1.26 144 2.49 1.43 1.61-5.00 1.51 1.07-1.64

Nurse characteristics

Work experience ≤ 24 months 355 6 6.18 541 7 9.42 Ref* - Ref* -

> 24 months 1780 6 30.98 3069 7 53.42 1.60 0.72-3.52 1.17 0.74-1.85

Workload characteristics

Drugs per round per patient 1 52 0.90 187 3.23 Ref* - Ref* -

2 130 2.24 367 6.34 0.82 0.47-1.43 0.96 0.62-1.48

≥ 3 1978 34.14 3079 53.15 0.86 0.53-1.39 0.93 0.64-1.53

Total of drugs in cart per round 
(43 = median/cart)

< 43 1349 23.29 1491 25.74 Ref* - Ref* -

≥ 43 811 14.00 2142 36.98 2.39 2.14-2.67 0.47 0.47-1.15

Patient-nurse ratio (5 to 1 = 
median)

≤ 5 to 1 1755 30.30 1412 24.37 Ref* - Ref* -

≥ 6 to 1 405 6.99 2221 38.34 2.05 1.70-2.47 1.98 1.53-2.57

* = Reference category
1 = Odds ratio
2 = Adjusted for the hospital, type of nursing department, the day of the week, time of the medication round, 

ATC, the number of drugs per round, and route of administration
3 = Numbers non-oral routes; Inhalation 414, Parenteral 240, Sublingual 118, Eye-drops 69, Dermal drugs 56, 

Other route 114

4 = Anatomic Therapeutic Chemical classification (table 1.)
5 = Other, infrequently used ATC classes D,G,H,L,P,V,Y,Z (in which we observed a total of 217 administrations, 

range 2 to 75) (table 1.)
6 = 25 missing values
7 = 23 missing values
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Table 3. Continued

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics (Continued)

Patient age < 74 years of age 1072 18.51 1855 32.02 Ref* - Ref* -

≥ 74 years of age 1088 18.78 1778 30.69 0.91 0.76-1.09 0.95 0.83-1.10

Patient gender Men 1037 17.90 1657 28.60 Ref.* - Ref.* -

Women 1123 19.39 1976 34.11 0.83 0.69-1.00 0.91 0.79-1.04

Medication characteristics

% barcoded medication ≥ 99% 713 12.31 815 14.07 Ref* - Ref* -

< 99% 1447 24.98 2818 48.64 0.34 0.08-1.49 0.80 0.41-1.57

Route of administration Oral medication 1831 31.61 2951 50.94 Ref* - Ref* -

Non-oral route 3 329 5.68 682 11.77 1.19 1.02-1.39 1.25 1.02-1.53

ATC4 code ATC A 556 9.60 757 13.07 Ref* - Ref* -

ATC B 182 3.14 381 6.58 1.03 0.82-1.28 0.97 0.75-1.26

ATC C 479 8.27 620 10.70 0.95 0.80-1.13 0.97 0.81-1.17

ATC J 67 1.16 187 3.23 1.40 1.03-1.91 1.39 0.97-1.99

ATC M 68 1.17 104 1.80 1.12 0.79-1.58 1.13 0.78-1.64

ATC N 530 9.15 1095 18.90 1.04 0.89-1.22 1.03 0.86-1.23

ATC R 119 2.05 235 4.06 1.02 0.79-1.31 0.91 0.66-1.25

ATC S 86 1.48 110 1.90 0.93 0.68-1.28 0.87 0.60-1.26

Infrequently used classes (D,G,H,L,P,V,Y,Z) 

5
73 1.26 144 2.49 1.43 1.61-5.00 1.51 1.07-1.64

Nurse characteristics

Work experience ≤ 24 months 355 6 6.18 541 7 9.42 Ref* - Ref* -

> 24 months 1780 6 30.98 3069 7 53.42 1.60 0.72-3.52 1.17 0.74-1.85

Workload characteristics

Drugs per round per patient 1 52 0.90 187 3.23 Ref* - Ref* -

2 130 2.24 367 6.34 0.82 0.47-1.43 0.96 0.62-1.48

≥ 3 1978 34.14 3079 53.15 0.86 0.53-1.39 0.93 0.64-1.53

Total of drugs in cart per round 
(43 = median/cart)

< 43 1349 23.29 1491 25.74 Ref* - Ref* -

≥ 43 811 14.00 2142 36.98 2.39 2.14-2.67 0.47 0.47-1.15

Patient-nurse ratio (5 to 1 = 
median)

≤ 5 to 1 1755 30.30 1412 24.37 Ref* - Ref* -

≥ 6 to 1 405 6.99 2221 38.34 2.05 1.70-2.47 1.98 1.53-2.57

* = Reference category
1 = Odds ratio
2 = Adjusted for the hospital, type of nursing department, the day of the week, time of the medication round, 

ATC, the number of drugs per round, and route of administration
3 = Numbers non-oral routes; Inhalation 414, Parenteral 240, Sublingual 118, Eye-drops 69, Dermal drugs 56, 

Other route 114

4 = Anatomic Therapeutic Chemical classification (table 1.)
5 = Other, infrequently used ATC classes D,G,H,L,P,V,Y,Z (in which we observed a total of 217 administrations, 

range 2 to 75) (table 1.)
6 = 25 missing values
7 = 23 missing values
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DISCUSSION

Factors associated with workarounds were the day of the week, the time of the medication 
round, the route of administration, the administration of drugs with other, infrequently 
used ATC classes, and the patient-nurse ratio. These factors can be used to help target 
efforts to reduce the frequency of workarounds in the future.

Our findings seem to be in line with a qualitative study by Lalley 31 which showed that 
nurses reorganized the workflow in cases the BCMA system did not function as they were 
instructed and trained. Procedures should be reviewed critically to ensure that non-orally 
administered medication can be administered correctly using the BCMA system. Further-
more, nurses need to be well trained to perform infrequent procedures. 

However, few quantitative studies of workarounds have been done, and factors associated 
with workarounds of nurses have been the subject of limited research 32,33. The associa-
tion of the non-oral route of administration with workarounds may have several causes. 
For example, the dermal application, as well as inhalation, is often left to the patient 
self-administering this medication. This may enhance the risk of workarounds, because 
nurses may forget to scan such medication. Another example is a parenteral medication 
that needs handling to make it ready to administer: the original vial with infusion powder 
may contain a barcode, but the infusion bag with the added drug may not be barcoded. 
The handling of infrequently used medication (as expressed by the ATC class ‘other’) may 
lead to workarounds because of the nurses not being familiar with administering this 
medication. 

A higher patient-nurse ratio was also associated with workarounds. This is in line 
with other studies finding the patient-nurse ratios to be associated with inadequate 
nursing care to patients in hospitals 28,34-36. Death rates in hospitals in England with 
nurses caring for six or fewer patients were 20% lower than in hospitals with nurses 
caring for ten or more patients 37. Little is known about the optimal patient-nurse ratio, 
and ratios may vary by time of day and patient acuity. In California, USA, rules require 
a patient-nurse ratio of one nurse to every five patients 27. In our study, the work 
pressure may have led to nurses leaving out time-consuming steps such as scanning 
patients or medications 38. Workarounds were also associated with the time of the 
medication round and particular days. Workarounds seem to be more likely on busy 
weekdays versus the relatively quiet Sunday. Also, workarounds were more likely on 
the two rounds scheduled during daytime (10-14 hour and 14-18 hour) versus the 
early morning round. This may also be due to the busier parts of the day, leading to 
workarounds to save time. Our findings emphasize the need to review the patient-
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nurse ratio, work schedules and medication-related workload per day of the week and 
per shift to ensure the safe use of the system. Overall, our findings appear to be in 
line with studies showing that organization, work process, technology, patients, and 
healthcare professionals play a role in workarounds 12,39.

More broadly, nurses may have many motivations for workarounds—one common one 
is time-pressure, which is in line with the relationship with nurse-patient ratios. Some-
times workarounds may be essential if the system is broken in some way. But another 
motivation may be to fail to appreciate the safety impact of these checks, which can be 
addressed in part through assessing the culture of safety across an institution and in its 
various parts. Understanding these motivations may help with the design of strategies to 
reduce their impact. 

Strengths and limitations
A strength of our study is that we empirically and quantitatively assessed the frequency 
of factors associated with a large sample in multiple institutions using a robust method 
of data collection. This aspect and the multicenter design of the study enhances the 
generalizability of our data. Research like ours may be useful for the evaluation of other 
IT systems in health care.

The study also has limitations. Despite disguised observation being considered as the 
‘gold standard’ of data collection in medication administration error studies 21,40-42, obser-
vation bias cannot be excluded: observers may become tired and therefore less precise. 
We trained the observers intensively and instructed them to stay close to the nurses 
administering the medication. Only a small number (228, 3.8%) of observations had to 
be discarded because the observers could not collect all necessary data for that specific 
administration. Furthermore, the observer may have influenced the nurses, but this ‘Haw-
thorne-effect’ is reported to be small 43. Observers may have missed some workarounds. 
Other limitations were that all four hospitals had BCMA software systems from different 
vendors 17, and we observed only nurses from internal and surgical wards and patients 
aged 18 years and older. Finally, we based the selection of potential factors on litera-
ture, but we may have missed important factors. Exploring nurses’ beliefs and attitudes 
using BCMA may reveal additional user aspects as has been shown in a study on double 
checking procedures 44. Using the Australian Work Observation Method by Activity Timing 
(WOMBAT) technique may be another way to gain a better understanding of the underlying 
causes of some of the factors 45-47.



Chapter 7

152

Further research
Our results suggest that workload may be an important cause of workarounds. One exam-
ple of a workload reducing intervention could be the introduction of dedicated personnel 
- such as pharmacy technicians – who are solely responsible for medication administration. 
Pharmacy technicians are trained to handle medication as the main part of their daily 
work, in contrast to nurses for whom medication administration is only a part of their 
daily routine. In addition to this, pharmacy technicians, given the nature of the work in the 
pharmacy, may be better trained in the use of technology in general. Research from both 
the USA and the UK 48-50 shows the feasibility of medication administration to hospitalized 
patients by pharmacy technicians. On the other hand, this could be costly, and pharmacy 
technicians would have less of a sense of the patient and their conditions. 

CONCLUSION

Nurses administering medication using BCMA to hospital inpatients frequently performed 
workarounds. Factors associated with these workarounds were the administration of non-
oral medication, medication from ATC classes that were infrequently given and nurse 
workload. Especially nurse workload could be the focus for improvement measures as 
this is the most clearly modifiable factor identified in this study. 
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SUMMARY

This thesis focuses on increasing our understanding of the use of Information Technology 
(IT) based interventions to enhance medication safety, such as Computerized Physician 
Order Entry (CPOE) and Bar-Code-assisted Medication Administration (BCMA). In this chap-
ter, the main findings of our research are summarized and discussed. 

In Chapter 2, we provide an overview of interventions to contribute to the safe administra-
tion of medication in hospitals and conclude that there is only limited scientific evidence 
on their effectiveness. IT-based medication safety interventions are most likely to improve 
medication safety. IT has the potential to contribute to standardization, transparency, 
proper documentation and structure of a process. Therefore, the use of IT-based interven-
tions should eliminate most medication errors. However, despite this promising potential, 
various medication errors were reported while using IT-based interventions. Thus, tech-
nology-based interventions still need to be improved to prevent medication errors. 

In chapter 3, we report the results of our study aimed to investigate the nature and con-
sequences of IT-related medication incidents. We have analyzed a significant sample of 
medication errors, voluntarily reported by healthcare professionals in both hospitals and 
community pharmacies in the Netherlands. One out of six of these reported incidents 
were IT-related. The interaction between human and machine (IT-systems) played a critical 
role in these reports. The pharmacy information system (Apotheek Informatie Systeem, 
[AIS]) was most frequently involved in community pharmacies, while in hospitals the CPOE 
was most frequently involved. IT-systems need to match the user’s standard workflow. 
IT-based systems in healthcare ask for skilled end-users to use these systems as intended. 
Our research shows that in almost four out of five reported IT-related errors the human 
end-user miscommunicated with the IT-system. Healthcare workers did not know how to 
respond to system output or computer jamming, and poor design caused input problems. 
System designers and software programmers should learn from error reports because 
the same errors are reported for different brands of software, each intended for the same 
purpose. Our results are in line with earlier research carried out by Magrabi et al. 1-3 and 
by Warm and Edwards 4, but we discovered more human-machine interaction related 
IT-errors and less general technical errors. These differences were possibly due to the 
improved classification we applied. Our study shows that organizations should be aware of 
imperfections in both system design and workflow. Healthcare providers should be atten-
tive to design, software and hardware imperfections and unintended effects, potentially 
leading to errors, when using IT in healthcare. Our study emphasizes the importance to 
train health care workers in the use of IT-based interventions and to increase awareness 
of potential IT-system imperfections which could harm patients. 
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In chapter 4, we describe our study aimed to investigate whether performing risk analysis 
(prospective, retrospective, or a combination) contributes to the satisfaction of end-users 
with CPOE-implementation in 40 hospitals in the Netherlands. Risk analysis may disclose 
the possibilities and the risks of new IT-systems, and this may help end-users to become 
familiar with the new CPOE. For medical doctors, a statistically significant association 
between performing prospective and / or retrospective risk analysis and end-user sat-
isfaction was shown. No such association could be demonstrated for either nurses or 
hospital pharmacists. Performing prospective risk analysis can be an excellent opportunity 
to involve end-users expectations and knowledge of IT-based interventions 5-7. Unfortu-
nately, performing a prospective risk analysis such as (Health) Failure Mode and Effects 
Analysis [H(FMEA)] is costly and time-consuming, requiring a balanced team 8, representing 
each group of stakeholders. The method focuses on only one healthcare process per risk 
analysis.

Moreover, the outcome of the analysis sometimes demands a firm decision by the hos-
pital management. These (perceived) disadvantages may hamper broad implementation 
of prospective risk analysis when introducing new IT systems. However, failure to apply 
prospective risk-analysis may result in non-involved end-users which may, in turn, reduce 
their satisfaction with the IT system 9-11. 

Chapters 5, 6 and 7 contain the design and results of our workaround study in four 
hospitals in the Netherlands, in which nurses used BCMA to administer medication. We 
identified workarounds in more than two-thirds of medication administrations, and these 
were significantly associated with medication administration errors. Workarounds appear 
to be the result of patient-ID and medication barcode scanning failures, technological 
difficulties, and nurses not following protocols. 

Factors associated with workarounds were the administration of non-oral medication, 
medication from ATC classes which were infrequently given, the patient-nurse ratio, the 
day of the week, and the medication round shift. These findings are in line with studies of 
Debono et al. 12,13 which found nurses’ performing workarounds as a response to opera-
tional failures, time pressure, workflow restraints, ward-rules, guidelines, and regulations. 
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GENERAL DISCUSSION

Considerations about the use of different data sources in our research
In this thesis, a range of different data sources was used. All of them have their advantages 
and disadvantages. Reporting systems that focus on safety improvement are generally 
‘voluntary reporting systems.’ Voluntary reporting systems usually focussed on errors 
that resulted in no harm (sometimes referred to as “near misses”) or very minimal patient 
harm 14. These reports aimed to identify vulnerabilities in healthcare systems before they 
could harm patients, while mandatory reporting systems are focussed on serious patient 
harm and deaths. Nevertheless, voluntary error reports as we use in the IT-related inci-
dents study may be hampered by underreporting, selective reporting and the influence 
of process changes on reporting. However, voluntary incident reporting and subsequent 
analysis of these reports could be an important strategy to enhance safety. Voluntary error 
reports provide more information about errors and their causes than mandatory reports 
do 15,16. Moreover, healthcare professionals do realize themselves that other professionals 
can learn from the reported errors 17. 

In our CPOE-risk analysis study, we performed a survey using questionnaires. The main 
advantage of using questionnaires is that the researcher can reach a large number of 
people collecting quantitative data. Some disadvantages may be respondents misinter-
preting the questions or giving socially desirable answers 18. The response rate in our 
research was over 88%. Therefore another known limitations of this method, the low 
response rate, was not applicable in our case. On the other hand, questionnaires have 
proven to be an excellent method to obtain data about opinions, attitudes, values, expe-
riences, and behavior in scientific research with satisfactory quality 19.

In the workaround studies, we used disguised observation of nurses as the method of 
data collection. Observation is considered to be the best method for data collection in 
medication administration error studies 20-22. However, bias may occur: the observations 
may influence the nurse but, from the literature, we know that this effect (known as the 
Hawthorne effect) is small 23. Also, the observer may also become tired and thus less 
accurate. Bias may also occur when the same assessor is responsible for identifying both 
workarounds and medication errors from the observations. In retrospect, to avoid bias, it 
would have been better to have two independent assessors: one to identify the medication 
errors and one to identify the workarounds from the observations. 

In Australia, researchers developed an elegant observation system called ‘Work Observa-
tion Method By Activity Timing’ (WOMBAT) 24-27. This well-designed paperless method of 
activity registration is used for time- and activity-based observations of nurses working 
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with patients on the wards. Redesigning this software for more than only observing activity 
but also with a focus on the effects of activities may render it suitable for observing and, 
afterward, documenting workarounds and Medication Administration Errors (MAEs) as 
well. Researchers may also consider making video recordings during the actual process 
of medication administration to inpatients and assess them concerning workarounds and 
medication errors afterward as was used by Sitterding 28 and colleagues to research nurse 
awareness and interruptions during medication administration. However, video recordings 
may be hampered by privacy constraints. 

Recommendations for daily practice
The findings of the studies compiled in this thesis, come with several suggestions for 
improving the effective use of IT-based interventions. 
•	 More needs to be done to raise awareness for the classification of IT-based medica-

tion errors as this can give healthcare professionals insight into the various types of 
unintended consequences of the use of IT-based interventions. This may enable them 
to design specific interventions to prevent those incidents in the future use of IT. Also, 
system designers and software programmers of IT-based interventions may use the 
results of error reporting and classification to improve the design and especially the 
user interface of IT systems.

•	 Medical doctors and nursing teams also need to be better trained in technological 
skills aimed to help them with the proper use of IT-based interventions. Concerning 
CPOE and BCMA, the pharmacist could help in periodically analyzing errors and work-
arounds in the daily use of IT-based interventions. Because humans are pivotal in 
using IT-based interventions 29 in healthcare, IT should be lean in both programming 
and use, and involvement of future end-users, e.g., by performing prospective risk 
analyses by these users in the implementation of the intervention can improve its use. 

•	 Based on our finding that nurses’ frequently practiced workarounds, we urge for 
more post-implementation evaluation of IT-based interventions to prevent these 
workarounds. Furthermore, after the implementation of IT-based interventions, ward 
managers have to listen to comments and complaints from their staff to identify and 
prevent workarounds. Managers must also ensure enough nurses to be employed 
for the number of patients or activities. Additional training of nurses in procedures 
that they do not perform very often (such as infrequently used drugs administered 
to patients) can be useful 30.

Suggestions for future research 
Given the association of workload with workarounds, it is recommended to study inter-
ventions aimed to reduce workload for nurses. An example of a workload reducing 
intervention may be the appointment of dedicated personnel - such as pharmacy techni-
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cians – who are solely responsible for medication administration. Pharmacy technicians 
are trained to handle medication as the main part of their daily work, in contrast to nurses 
for whom medication administration is only a part of their daily routine. Besides that, most 
hospital pharmacies in the Netherlands are well equipped with state of the art technology, 
and pharmacy technicians are well trained to use that technology as intended. Although 
pharmacy technicians are not legally authorized to administer parenteral drugs to patients, 
this obstacle may be overcome by additional training.

Medication self-administration by patients may be another practical solution to reduce 
workload. Fundamentally, no one should be more dedicated to the proper administering 
of medication than the patient himself. Research by Vanwesemael et al. 31 showed that 
competent patients acknowledged benefits such as an increase in autonomy, indepen-
dence, and knowledge of their medication. Patients did not expect self-administration 
would cause important safety issues 32. More research is needed on the effects of self-ad-
ministration on medication errors and patient compliance 33-35.

In hospitals, there is a need for strategies to promote error recovery; that is, people’s ability 
to intercept errors and prevent patient harm 36. Broader application of the Healthcare 
Failure Mode and Effect Analysis (HFMEA) technique is desirable. Performing such an 
HFMEA analysis in hospitals is often a struggle, demanding both limited available work-
force and money. On the other hand, modified HFMEA procedures such as ‘m-HFMEA’ 
37, and ‘HFMEA light’ 38 give opportunities for a more efficient and effective realization of 
prospective risk analysis in hospitals. Still, further research on the effect of prospective risk 
analysis on the successful implementation of new IT systems is needed, as our research 
is only hypothesis-generating because of the retrospective design. 

Last but not least, new IT interventions are needed. Bedside identification of medication 
by using Radio-Frequency IDentification (RFID) of a pill and identification system such as 
MedEye 39, instead of barcoding could be very promising 40-42. Application of blockchain 
technology could contribute to medication safety as well. The blockchain technology is 
at this moment mostly associated with Bitcoin, Ethereum, and other cryptocurrencies. 
However, blockchain is at its heart a digital ledger that is designed to track any transaction 
in the system securely and transparently. Because every system transaction is trusted, 
inalienable and present in the system of each of the participants, blockchain based tech-
nologies possibly can be used to enhance medication safety. Until now little research 43,44 
has been done to examine whether or not these techniques are of use in daily practice. 
However, as is demonstrated by our research, we must remain alert to mistakes and 
shortcomings when introducing new information technology. The dangerous decade has 
not finished yet 45.
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CONCLUSIONS

The studies combined in this thesis extend our understanding of the use of IT-based inter-
ventions in healthcare to prevent medication errors. Risks associated with the use of these 
IT-systems may arise from the systems themselves, the way they are implemented and 
how healthcare professionals in daily practice use them. Performing risk analyses, using 
results of voluntary error reporting, preventing workarounds by paying more attention to 
infrequent nursing procedures, and optimizing the nurse-patient ratio on nursing wards, 
may all result in the more optimal use of IT. Thus, our thesis contributes to what IT-based 
interventions in healthcare are designed for: the improvement of medication safety. 
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9.1 LAY SUMMARY

Problems with medication occur worldwide. In the Netherlands, they lead to almost 23,000 
unnecessary hospital admissions every year for patients aged 65 years and older. It also 
appears that approximately 1,000 patients die each year in Dutch hospitals as a result of 
unintentional hospital damage. Much of this harm is caused by medication errors, which 
can occur at different stages of the process from prescription to administration of drugs. 
Various interventions have been developed to prevent medication errors. 

This thesis describes a number of studies into the use of interventions based on Infor-
mation Technology (IT), intended to prevent medication errors. Examples of this type of 
intervention are the electronic prescription, using a computer, of medication by medical 
doctors, the issue of medication by robots in pharmacies and the use of barcodes and 
scanners by nurses in hospitals to identify drugs and patients when administering med-
ication.

In chapter 2 we give an overview of interventions that can contribute to the safe adminis-
tration of medication in hospitals. We conclude that there is only limited scientific evidence 
on the effectiveness of these interventions. However, IT-based interventions are the most 
promising to improve medication safety. Nevertheless, various medication errors were 
also reported in the use of these IT-based interventions. IT-based interventions, therefore, 
need to be further improved to prevent medication errors adequately. 

In chapter 3 of this thesis, we illustrate that IT-based interventions to improve patient 
safety can indeed be the cause of medication errors. We analyzed 4161 medication errors 
that were voluntarily reported to the Central Medication Incidents Registration (CMR). 
The CMR is the national Dutch information center for medication errors. The CMR col-
lects reports of medication errors from hospitals and community pharmacies. One in six 
reported incidents related to IT. The interaction between man and machine plays a vital 
role in these medication errors. For example, because people and machines sometimes 
do not understand each other. In community pharmacies, most reports related to the 
pharmacy information system. In hospitals, most reports related to the electronic pre-
scription system. Our research highlights the need for healthcare providers to address 
design, software and hardware imperfections that can lead to errors in the use of health-
care IT-based interventions. 

In chapter 4 of this thesis, we describe a study of the relationship between systematically 
analyzing risks and the satisfaction of the users of an electronic prescribing system in 
hospitals. In an electronic prescribing system physician use dedicated software to doc-
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ument prescriptions. The system checks for wrong dosages and undesirable interaction 
between prescribed drugs. In this way, electronic prescription systems make healthcare 
safer. Risk analysis looks at the possible threats of a process. A risk analysis relating to the 
introduction of a new electronic prescribing system, therefore, looks at the risks that could 
arise. We analyzed questionnaires of 70 hospitals in the Netherlands. Medical doctors 
were more satisfied with the prescription system when a risk analysis was carried out. 
This was not in the case for nurses and pharmacists.

In chapters 5, 6 and 7 of this thesis, we describe our research into barcode scanning to 
make the administration of drugs in hospitals safer. Such systems start with scanning the 
barcode on the patient’s wristband. In this way, the right patient is identified. Then, the 
barcode of each medication is scanned. This information is checked agains prescribing 
information on the computer. If it is incorrect, a warning will be displayed. The nurse will 
then be able to correct the error.

This study was carried out in four hospitals in the Netherlands. The data was obtained by 
allowing trained researchers to observe nurses when administering medication to hos-
pitalized patients. In this way, we observed 5,593 drug administrations to 1,230 patients. 
We saw that nurses sometimes encounter problems during barcode scanning and then 
perform so-called workarounds to be still able to administer the medication to the patient. 
A workaround is a method of bringing a task to a successful conclusion if the usual method 
of working is blocked or does not work correctly. In IT, the workaround is often used to 
bypass hardware, programming, design or communication issues. In our research, work-
arounds were performed on six out of ten medication administrations. For example, in 
36% of cases no drug was scanned and in 11% of cases, the patient did not wear a wrist-
band. There appeared to be an association between workarounds and the occurrence of 
medication administration errors. The most common administration error was forgetting 
to give medication. Workarounds were found to be more frequently used in the perfor-
mance of infrequent nursing activities and at higher work pressure. 
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CONCLUSION

The studies in this thesis provide us with more insight into the occurrence of medication 
errors in IT-based interventions that are intended to prevent medication errors. Problems 
with the use of IT can be caused by the systems themselves, by the way, they are imple-
mented and by the way healthcare providers use them. 

The results of our research can be used to introduce IT-based interventions more safely, 
for example by using risk analyses. Reducing workload of nurses as well as (re)training 
infrequent nursing procedures may be important for safer use of barcode scanning for 
administration of medication in hospitals. 
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9.2 PUBLIEK SAMENVATTING

Problemen met medicatie komen wereldwijd voor. In Nederland leiden ze per jaar tot 
bijna 23.000 onnodige ziekenhuisopnamen bij patiënten van 65 jaar en ouder. Ook blijkt 
dat er in de Nederlandse ziekenhuizen jaarlijks ongeveer 1.000 patiënten overlijden 
als gevolg van onbedoelde, in het ziekenhuis opgelopen schade. Veel van deze schade 
wordt veroorzaakt door medicatiefouten, die in de verschillende fasen van het proces van 
voorschrijven tot toedienen van geneesmiddelen op kunnen treden. Om medicatiefouten 
te voorkomen, zijn er diverse interventies ontwikkeld. 

Dit proefschrift beschrijft een aantal onderzoeken naar het gebruik van op Informatie 
Technologie (IT) gebaseerde interventies, bedoeld om de medicatiefouten te voorkomen. 
Voorbeelden van dit soort interventies zijn het elektronisch voorschrijven, met behulp van een 
computer, van geneesmiddelen door artsen, de uitgifte van geneesmiddelen door robots in 
apotheken en het gebruik van barcodes en scanners door verpleegkundigen in ziekenhuizen 
om geneesmiddelen en patiënten bij het toedienen van medicatie te kunnen identificeren.

In hoofdstuk 2 geven we een overzicht van interventies die kunnen bijdragen aan een 
veilige toediening van geneesmiddelen in ziekenhuizen. Wij concluderen dat er slechts 
beperkt wetenschappelijk bewijs is over de effectiviteit van deze interventies. Wel zijn 
de op IT gebaseerde interventies het meest veelbelovend om de medicatieveiligheid te 
verbeteren. Desondanks werden ook bij het gebruik van deze IT-gebaseerde interventies 
diverse medicatiefouten gemeld. Op IT gebaseerde interventies moeten dus nog worden 
verbeterd om medicatiefouten adequaat te voorkomen. 

In hoofdstuk 3 van dit proefschrift illustreren we dat IT-gebaseerde interventies 
om de patiëntveiligheid te verbeteren inderdaad ook de oorzaak kunnen zijn van 
medicatiefouten. We hebben 4161 medicatiefouten geanalyseerd, die vrijwillig aan de 
Centrale Medicatie-incidenten Registratie (CMR) zijn gemeld. De CMR is het landelijk 
meldpunt voor medicatiefouten. De CMR verzamelt meldingen van medicatiefouten uit 
ziekenhuizen en openbaar apotheken. Bij eén op de zes gemelde incidenten was sprake 
van een relatie met IT. De interactie tussen mens en machine speelt een belangrijke 
rol bij deze medicatiefouten. Bijvoorbeeld omdat mens en machine elkaar soms niet 
begrijpen. Het Apotheek Informatie Systeem (AIS) was hierbij het meest betrokken bij 
openbare apotheken. In ziekenhuizen was het elektronisch voorschrijfsysteem het meest 
betrokken. Ons onderzoek benadrukt dat zorgverleners aandacht moeten besteden aan 
onvolkomenheden in ontwerp, software en hardware die kunnen leiden tot fouten bij het 
gebruik van IT-gebaseerde interventies in de gezondheidszorg. 
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In hoofdstuk 4 van dit proefschrift beschrijven we een onderzoek naar de bijdrage van het 
uitvoeren van een risicoanalyse aan de tevredenheid van de gebruikers van een elektronisch 
voorschrijfsysteem. Een elektronisch voorschrijfsysteem is een computer waarin de medicatie 
van de patiënt wordt ingevoerd door de arts. Het systeem controleert op verkeerde 
doseringen en ongewenste wisselwerking tussen geneesmiddelen. Op die manier maken 
elektronische voorschrijfsystemen de zorg veiliger. Het is wel belangrijk dat zo’n computer 
goed geïntroduceerd wordt. De zorgverleners moeten er echt mee leren werken.

Dit onderzoek is met behulp van vragenlijsten uitgevoerd in 70 ziekenhuizen in Nederland. 
Een risicoanalyse kijkt naar de mogelijke gevaren van een proces. Bij een risicoanalyse 
rondom het invoeren van een nieuw elektronisch voorschrijfsysteem, kijkt men dus naar 
gevaren die daarbij op kunnen treden. Hierdoor kunnen gebruikers vertrouwd raken met 
de mogelijkheden en onmogelijkheden van het nieuwe voorschrijfsysteem. Artsen bleken 
tevredener over het voorschrijfsysteem wanneer er een risicoanalyse was uitgevoerd. Voor 
verpleegkundigen en apothekers was dit niet zo.

In de hoofdstukken 5, 6 en 7 van dit proefschrift beschrijven we ons onderzoek naar 
het barcode scannen om de toediening van geneesmiddelen veiliger te maken. Barcode 
scannen bij medicatietoediening begint met het scannen van de barcode op de polsband 
van de patiënt. Op die manier wordt in de computer de juiste patiënt opgeroepen. 
Vervolgens wordt de barcode op elk medicijn gescand. Dat moet kloppen met de 
medicatie in de computer. Als het niet klopt, dan komt er een waarschuwing in beeld. De 
verpleegkundige kan dan de fout herstellen.

Dit onderzoek is uitgevoerd in vier ziekenhuizen. De gegevens werden verkregen door 
getrainde onderzoekers mee te laten kijken bij het toedienen van geneesmiddelen 
aan opgenomen patiënten. Op deze manier observeerden wij 5793 toedieningen van 
geneesmiddelen aan 1230 patiënten. Wij zagen daarbij dat verpleegkundigen soms 
blokkades bij het barcode scannen ondervinden en dan zogenaamde ‘workarounds’ 
uitvoeren om de medicatie toch aan de patiënt te kunnen toedienen. Een workaround is 
een werkwijze om een taak tot een goed einde te brengen als de gebruikelijke werkwijze 
geblokkeerd is of niet goed werkt. In de IT wordt een workaround vaak toegepast om 
hardware-, programmerings-, ontwerp- of communicatieproblemen te omzeilen. In ons 
onderzoek werden bij zes van de tien medicatietoedieningen, workarounds uitgevoerd. 
Zo werd in 36% van de gevallen geen geneesmiddel gescand en in 11% droeg de patiënt 
geen polsband. Er bleek een verband te zijn tussen workarounds en het optreden van 
medicatie toedienfouten. De meest voorkomende toedienfout was het vergeten van 
medicatie. Workarounds bleken vaker toegepast te worden bij het uitvoeren van weinig 
voorkomende verpleegkundige handelingen en bij hogere werkdruk. 
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CONCLUSIE

De onderzoeken in dit proefschrift geven ons meer inzicht in het optreden van 
medicatiefouten bij IT-gebaseerde interventies die juist bedoeld zijn om medicatiefouten 
te voorkomen. Problemen met het gebruik van IT kunnen veroorzaakt worden door de 
systemen zelf, door de wijze waarop ze zijn geïmplementeerd en door de wijze waarop 
ze door zorgverleners worden gebruikt. 

De onderzoeksresultaten beschreven in dit proefschrift kunnen gebruikt worden om 
IT-gebaseerde interventies veiliger te introduceren, bijvoorbeeld door het gebruik van 
risicoanalyses. Aandacht voor werkdruk bij verpleegkundigen en het (her)trainen van 
weinig voorkomende verpleegkundige handelingen kan bijdragen aan het verminderd 
toepassen van workarounds, en daarmee aan minder medicatiefouten.
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9.3 PhD PORTFOLIO

Courses, conferences and study tours Type Year
Methodologie van Klinisch Geneesmiddelenonderzoek I 
(PUOZ)

course 2010

Masterclass Patiëntveiligheid VMS course 2010
Methodologie van Klinisch Geneesmiddelenonderzoek II 
(PUOZ)

course 2010

VU-EPIDM V01: Epidemiologisch onderzoek: opzet en 
interpretatie

course 2010

Schrijf een artikel I (PUOZ) course 2010
Schrijf een artikel II (PUOZ) course 2010
Interpreteren van medische publicaties (Postgrade) course 2010
Good Clinical Practice, regelgeving en organisatie van 
Klinisch Onderzoek (ICH)

course 2010

Good Clinical Practice (PUOZ) course 2010
Klinisch Geneesmiddelenonderzoek in de praktijk 
(Postgrade)

course 2010

VU-EPIDM K71: Systematische reviews en meta-analyse course 2011
VU-EPIDM V02: Principes van epidemiologische data-
analyse

course 2011

VU-EPIDM V05: Regressietechnieken course 2012
VU-EPIDM R02: Inleiding biostatistiek en klinische 
epidemiologie

course 2013

SHARE Scientific Writing Course, Long Track Course course 2016

Presentations on conferences, courses and seminars 
User Requirement Specifications Cytostatica module voor 
de NVZA

oral presentation 2010

Werkwijze opstellen Prospectieve Risico-Inventarisatie 
voor Iperion 

oral presentation 2011

Achtergronden Prospectieve Risico-Inventarisatie NVZA 
ICT dag

oral presentation 2011

Prospectieve Risico-Inventarisatie dag PharmaPartners/
HI-Systems 2012

oral presentation 2012

PRISMA-congres 2012 resultaten Prospectieve Risico-
Inven1tarisatie onderzoek 

poster presentation 2012

Ziekenhuisfarmaciedagen 2013: voorlopige resultaten 
medicatiefouten en IT

poster presentation 2013
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PRISMA-congres 2016: associatie tussen WA en MAEs oral presentation 2016
Ziekenhuisfarmaciedagen 2016, resultaten onderzoek 
associatie WA en MAEs

oral presentation 2016

ICPE congres 2017 (door Prof. Dr. Patricia M.L.A. van den 
Bemt) resultaten onderzoek associatie WA en MAEs

oral presentation 2017

Teaching and training students    
Bachelor thesis Fleur Kos: ‘Leidt het gebruik van 
elektronische voorschrijf systemen tot een verbetering 
van de patiëntveiligheid?’

teaching 2010

Bachelor thesis Lisette Hoekstra: ‘Het effect dat 
elektronisch voorschrijven heeft op voorschrijvingsfouten 
in verschillende setting’

teaching 2010

Bachelor thesis Lisette Hoekstra en Fleur Kos: 
‘Veiligheidsmetingen rondom de implementatie van 
elektronische voorschrijfsystemen’

teaching 2011

Bachelor thesis Wietse Klaassen: ‘Rapporteren van 
Medicatiefouten: Een Verhalende Review over de 
Kenmerken van een Rapportagesysteem’

teaching 2011

Bachelor thesis Ineth Bekker: ‘Workarounds bij 
elektronische voorschrijfsystemen in ziekenhuizen: 
een literatuuroverzicht van verschillende 
onderzoeksmethoden’

teaching 2012

Bachelor thesis Heleen van der Meer: ‘Workarounds 
tijdens het gebruik van elektronische voorschrijfsystemen’

teaching 2012

Presentatie plenaire Medische Staf ziekenhuis 
Hardenberg: implementatie systematiek CPOE in het RZZ

training 2012

Bachelor thesis Jaline van Hoek: ‘Medicatiefouten op 
de oncologie afdeling in Duitsland: een analyse van 
meldingen in DokuPIK’

teaching 2012

Training deelnemers en uitvoeren van een Prospectieve 
Risico-Inventarisatie voor de implementatie van een CPOE 
in het Röpcke-Zweers Ziekenhuis te Hardenberg

training 2013

“P” thesis Stéphanie Anne de Rooij: ‘Fouten in 
medicatietoediening die ontstaan door workarounds 
van de verpleging bij gebruik van het elektronische 
toedieningsregistratie systeem’

teaching 2013

“P” thesis Roya Sorghabi: ‘Verbeteren medicatieveiligheid 
in ziekenhuizen’

teaching 2013
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“P” thesis Tjerk Geersing: ‘Medicatiebewaking op de 
neonatale intensive care unit‘

teaching 2013

“P” thesis Wendy de Vries: ‘Workarounds bij het gebruik 
van het elektronische toedieningsregistratiesysteem’

teaching 2013

“P” thesis Paul Stob: ‘Workarounds bij Elektronische 
toedieningsregistratie’

teaching 2014

Master thesis Maryam Atrafi: ‘Occurrence, causes and 
consequences of nurse-workarounds in Bar Code 
assisted Medication Administration (BCMA), a disguised 
observational study’

teaching 2015

Master thesis Karen Oude Luttikhuis: ‘Associatie 
workarounds en medicatie toedienfouten bij gebruik van 
Bar Code Assisted Medication Administration’ 

teaching 2015

Master thesis Iris Mangelaars: ‘Workarounds in 
procedures with Bar Code assisted Medication 
Administration systems and its consequences’

teaching 2016

Other items related to this thesis
Pharmaceutisch Weekblad 11-04-2014: ‘Soms hapert de 
interactie tussen mens en machine’ 
coauteur: Ka-Chun Cheung

not scientific paper 2014
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9.4 DANKWOORD / ACKNOWLEDGEMENTS

Aan het slot van dit proefschrift wil ik een aantal mensen bedanken. Een ding heb ik 
zeker geleerd: ook academisch promoveren is teamwork. Een team met promotores, 
studenten, collega’s, coauteurs, kamergenoten, ganggenoten, maar ook met familie, 
vrienden, kennissen en al helemaal met je gezin.

Bij het begin beginnende, de basis, medicatieveiligheid, van het in dit boekje beschreven 
onderzoek is een metersgrote zwart-wit foto in de werkkamer van wijlen Prof. Dr. Taeke 
Huizinga, bij wie ik tijdens mijn studie het wetenschappelijk onderzoek ten behoeve van 
mijn doctoraalscriptie uitvoerde. De grote confronterende foto toonde een pasgeboren 
kind, verminkt door het gebruik van het slaapmiddel Softonon® door de moeder tijdens 
haar zwangerschap. Dat geneesmiddelen naast heilzaam, ook onveilig kunnen zijn en 
grote schade bij de mens kunnen veroorzaken, was voor mij destijds erg confronterend.
Prof. Dr. T. Huizinga ben ik dank verschuldigd. Maar ook mijn andere opleiders van destijds 
ben ik dankbaar, en noem hierbij graag hun namen. Begaafde, bevlogen en betrokken 
docenten: Prof. Dr. F.H.L. van Os, Prof. Dr. J. Faber, Prof. Dr. D.A. Doorbos, Prof. Dr. Th. 
Malingré en Prof. Dr. Ir. C.F. Lerk.

In 1980 kwam ik in opleiding tot ziekenhuisapotheker in een zeker voor die jaren zeer 
vooruitstrevende en uitstekend geautomatiseerde ziekenhuisapotheek. De apotheek van 
het Scheper Ziekenhuis Emmen (SZE) had de medicatieveiligheid hoog in het vaandel 
staan. Codering van unieke geneesmiddelverpakkingen en programmering van systemen 
voor medicatiebewaking gebeurde in eigen beheer. Mijn opleider Martien van de Poll wil ik 
bedanken, en ook mijn collega Willem Boeke, destijds eveneens in het Scheper ziekenhuis 
in opleiding, voor het vertrouwen in mij.

In 2010 kreeg ik de gelegenheid tijd vrij te maken voor het uitvoeren van wetenschappelijk 
onderzoek aan de Rijks Universiteit Groningen (RUG). Er werd een promotieteam 
samengesteld bestaande uit Prof. Dr. K. Taxis, Prof. Dr. P.M.L.A. van den Bemt, Prof. Prof. 
Dr. J.J. de Gier, en Prof. Dr. Tj. van der Schaaf.

Prof. Dr. K. Taxis. Beste Katja, al tijdens ons eerste kennismakingsgesprek toonde jij 
enthousiaste belangstelling voor mijn voornemen. Je vond het geen enkel probleem een al 
oudere ziekenhuisapotheker te begeleiden op het voor hem toch nog redelijk onbekende 
pad van de wetenschap. Ik heb je leren kennen als een deskundige en zeer betrokken 
hoogleraar, een positieve begeleider waar ik altijd met mijn vragen terecht kon als ik daar 
behoefte aan had. Je nam altijd uitvoerig de tijd voor overleg en als ik vastgelopen was, 
wist jij mij met je bedachtzame opmerkingen weer terug te brengen op het goede pad. 
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Samen hebben wij een tiental studenten kunnen begeleiden. Daarbij heb ik je persoonlijke 
betrokkenheid maar ook je scherpe inzicht gezien. Heel erg bedankt voor al je werk en 
inzet voor ons onderzoek en voor mij.

Prof. Dr. P.M.L.A. van den Bemt. Beste Patricia. Als eerste hoogleraar medicatieveiligheid in 
Nederland, verbonden aan Erasmus Medisch Centrum in Rotterdam, ben je mijn tweede 
promotor. Onze eerste kennismaking dateert van vele jaren terug tijdens een bijeenkomst 
van de Noordelijke Groep van Ziekenhuisapothekers (NGZA), waarbij jij jezelf presenteerde 
als apotheker in opleiding tot ziekenhuisapotheker in het Medisch Centrum Leeuwarden. 
Later kon ik gebruik maken van de resultaten van het promotieonderzoek dat jij bij Prof. Dr. 
Koos Brouwers uitvoerde. Je classificatie van medicatie (toedien) fouten heb ik jaren gebruikt 
in mijn eigen ziekenhuis. De afgelopen jaren was jij mijn dagelijkse begeleider. Deskundig, 
slim en razendsnel beantwoordde jij mijn vragen en e-mails en becommentarieerde je 
concept manuscripten. Tijdens onze wekelijkse telefoongesprekken (dinsdagmiddag 13.30 
uur stipt!) bracht je mij met je zeer scherpe vragen en opmerkingen telkens weer aan het 
nadenken. Je hebt mij de scherpte en het kritisch wetenschappelijk denken bijgebracht. 
Ook ben ik je dankbaar voor je grote bijdrage aan mijn PhD. opleidingsprogramma, in 
het bijzonder de epidemiologie. Ik wens iedere promovendus een dagelijkse begeleider 
zoals jij!

Prof. Dr. J.J. de Gier. Beste Han, toen ik het voornemen promotieonderzoek te gaan 
doen, vormgaf, zocht ik eind 2009 contact met jou. Wij leerden elkaar kennen via de 
firma PharmaPartners/HI-Systems waaraan jij als medisch adviseur verbonden was, en ik 
indertijd de voorzitter van de Zamicom Raad. Jij stelde het promotieteam samen waarbij 
je nadrukkelijk Katja Taxis en Patricia van den Bemt naar voren schoof als promotores. 
Heel hartelijk dank voor je betrokkenheid en je nuancerende reacties op vragen en 
manuscripten, vaak goed doordacht.

Prof. Dr. Tj. Van der Schaaf. Beste Tjerk, jij hebt geen farmaceutische achtergrond, 
maar er een op het gebied van veiligheid in (luchtvaart) bedrijven. En dat was voor mij 
uitermate verhelderend: ik werd gedwongen de voor apothekers vanzelfsprekende 
veiligheid aspecten aan een (medisch) leek uit te leggen. Jij stelde dan heel terechte en 
kritische vragen, die niet gemakkelijk te beantwoorden waren. En jij, op jou beurt, leerde 
mij over de veiligheid aspecten van (luchtvaart) bedrijven en de zin van het uitvoeren 
van prospectieve risicoanalyses en de mogelijke cascade van opeenvolgende fouten in 
processen en procedures. Tijdens elke trans-Atlantische vlucht die ik maak, denk ik aan 
de ‘100 fouten’ die tijdens zo’n vlucht optreden. Het was heel jammer dat je voortijdig ons 
team verlaten hebt.
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Tijdens mijn ‘PhD training’ heb ik vele goede en betrokken docenten ontmoet. In het 
bijzonder de diverse cursussen epidemiologie die ik aan de Afdeling epidemiologie & 
biostatistiek (EpidM) van de Vrije Universiteit (VU medisch centrum) in Amsterdam volgde, 
kenmerkten zich door de inzet van geweldige docenten. 

Prof. Dr. J.F. Twisk. Beste Jos, feitelijk zou de epidemiologie een verankerde plaats moeten 
hebben in de basisopleiding van artsen, apothekers en ook van andere gezondheidswerkers. 
En dan met docenten als jijzelf en je team. Ik ben jou en je collega’s dankbaar voor wat ik 
heb kunnen leren en jou persoonlijk voor je hulp bij het analyseren van data met behulp 
van MLWIN. Ik ben er trots op dat jij coauteur bent geworden van een van onze artikelen.

Deze trots en dankbaarheid geldt ook voor de andere coauteurs van onze artikelen. 
Dr. K-C. Cheung. Beste Ka-Chun, ons gezamenlijk onderzoek en het rapporterende artikel 
over de classificatie van medicatiefouten geassocieerd met informatietechnologie kostte 
ons vele hoofdbrekens en maandenlang werk. Ik bewonderde je gelijkmoedigheid en 
je geduld als onze analyses weer eens ‘kanariepietjes geel’ voorzien van commentaar, 
terugkwamen van onze begeleiders. Dank voor de vele, vele uren die wij samen optrokken. 
Jij bewees dat de afstand van Den Haag naar Groningen korter is dan andersom!

Dr. H. Wouters. Beste Hans, als psycholoog-epidemioloog begon jij je postdoc bij Katja 
Taxis, halverwege mijn promotie traject. Daarbij werden we kamergenoten op de dagen 
dat ik in Groningen was. Het was heel fijn en verhelderend dat je mij kon begeleiden bij 
de vele MLWIN-analyses voor twee hoofdstukken in dit proefschrift. Naast een slimme, 
integere en oprechte wetenschapper ben je ook een uitstekend uitlegger van ingewikkelde 
analyse software!

Dr. M. Bijlsma. Beste Maarten, dank voor het meewerken aan de power analyses, nodig 
voor mijn onderzoeksprotocollen. Jouw kennis van statistische modellen bleek nodig om 
op basis van de destijds nog magere beschikbare gegevens het juiste aantal observaties 
te kunnen doen, noodzakelijk om goed onderbouwde conclusies te kunnen trekken. 

Prof. Dr. David W. Bates. Dear David, we met once in Boston MA, USA, the fine city where 
my eldest daughter Annemarthe lived for nearly ten years. We shook hands on one of the 
Dutch hospital pharmacist ICT study tours in the United States that I made several years 
ago. It was a great honor to work together with you on the BCMA-workaround research, 
resulting in two papers. I certainly liked your very short and to-the-point emails with the 
so typical American abbreviations. 
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Graag wil ik de leden van de beoordelingscommissie, Prof. Dr. J.G.W. Kosterink, Prof. dr. 
H. Vermeulen en Prof. dr. C. Wagner, hartelijk bedanken voor het lezen en beoordelen 
van mijn proefschrift. 

Tijdens mijn onderzoek heb ik genoegen gehad een aantal studenten uit zowel Groningen 
als Utrecht te begeleiden: Heleen van der Meer (inmiddels collega promovendus), Lisette 
Hoekstra, Fleur Kos, Ineth Bekker, Jaline van Hoek, Wietse Klaasen, Paul Stob, Roya Sorghabi, 
Stéphanie de Rooij, Tjerk Geersing, Wendy-Winke de Vries, Karin Oude Luttikhuis, Maryam 
Atrafi en Iris Mangelaars. Ik wil jullie hartelijk bedanken voor de inzet, soms maandenlang, 
om de diverse pilots en de onderzoeken die in dit proefschrift beschreven zijn mede vorm 
te geven.

Ook bedank ik de collegae ziekenhuisapothekers in Nederland die aan de onderzoeken 
een bijdrage leverden door enquêtes in te vullen, pilot onderzoeken uit te voeren en 
uiteindelijk de studenten te begeleiden die de maandenlange observaties uitvoerden. 
Met name de ziekenhuisapothekers Dr. Erwin Vasbinder, Hans Ros, Bjorn Brassé, en Dr. 
Michiel Duyvendak ben ik veel dank verschuldigd.

Dan mijn team kamergenoten bij Farmacie in Groningen: Kim Pilon, Claudia Dantuma, 
Sander Borghout en Hans Wouters: het maakte de reis van Hardenberg naar Groningen 
aangenamer als ik wist dat jullie die dag ook aanwezig zouden zijn. Naast hard en 
geconcentreerd werken was er ook ruimte voor gezellige en soms ook diepzinnige 
gesprekken. Jullie waren mij daarmee werkelijk tot steun! Ook Jannie Schoonveld, Anja 
Postuma, Bert Bijker en Jugo Pavlovic wil ik hartelijk bedanken voor alle ondersteuning 
en de inwijding in al die bijzonderheden die je aantreft op een nieuwe werkplek, welke je 
vervolgens, als ‘buitenpromovendus’, ook nog eens sporadisch bezoekt.

Dankbaar ben ik ook voor de hulp en de inzet van de vele, vele apotheekmedewerkers en 
de artsen en verpleegkundigen van de ziekenhuizen in Emmen en, vooral, de Saxenburgh 
Groep, het Röpcke-Zweers ziekenhuis in Hardenberg, waarbij ik ruim 36 jaar in dienst 
was. Mijn collega’s Lonneke van Aart, Monique Platvoet, Frits Boom, Jaap Jedema, Otto 
Groenewold en Pieter Dijkstra ben ik dankbaar voor hun steun gedurende vele jaren.

Mijn familie en vrienden bedank ik hartelijk voor het telkens (opnieuw) luisteren naar al 
mijn verhalen over het wel en wee van onderzoek doen en de twijfels die hierbij komen 
kijken. Zonder dat jullie het hebben beseft, waren de gestelde vragen naar mijn ‘studie’ 
een aanmoediging om door te gaan, juist op die momenten waarop het even niet mee zat! 
Mijn stiefmoeder, mijn broers en schoonzussen, verdere familie en al die geïnteresseerde 
anderen: bedankt!



Dankwoord / Acknowledgements

187

9

Finally, my team of family members: each of you, Wilma, Annemarthe, Willemijn, Ludo and 
newborn grandson Liam gave me the love and support I needed. I am thrilled that both 
of my daughters Annemarthe and Willemijn, as experienced ‘paranimfen,’ will assist me 
in defense of my thesis.

Lieve Wilma, toen ik in 2009 opperde promotieonderzoek te willen gaan doen, stond jij 
direct achter mij. Die steun heb ik het hele promotie-traject gevoeld. Het heeft me op 
moeilijke momenten geholpen om door te zetten. Ik wil je bedanken voor het luisteren 
naar mijn verhalen en ideeën, en je geduld als ik weer eens een hele dag in Groningen 
was of op mijn werkkamer achter de computer zat. Ik ben ontzettend dankbaar een vrouw 
als jij naast me te weten, en draag dit boek met liefde aan jou op!
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9.5 ABOUT THE AUTHOR (Dutch)

Willem van der Veen werd op 16 mei 1952 geboren te Groningen. In 1970 behaalde 
hij het vwo-diploma (HBS-B) aan de Eerste Christelijke HBS (thans het Wessel Gansfort 
College) te Groningen. Aansluitend begon hij met de studie Farmacie aan de Rijks 
Universiteit Groningen. Gedurende zijn studie was hij van 1972 tot 1978 student 
assistent bij de afdeling Farmacognosie onder supervisie van Prof. Dr. F.H.L. van Os. 
Zijn doctoraalscriptie werd geschreven onder supervisie van Prof. Dr. T Huizinga 
en Dr. F. Molenaar, en betrof onderzoek naar de rectale resorptie van pijnstillers, 
in casu glafeninezuur. Hij sloot zijn studie in juni 1978 af met het behalen van het 
apothekersexamen.

Van september 1978 tot en met december 1979 vervulde hij zijn militaire dienstplicht als 
officier-apotheker bij de Inspectie Geneeskundige Dienst Koninklijke Landmacht.

In januari 1980 trad hij in dienst van de toenmalige ‘Stichting Röpcke-Zweers ziekenhuis’ 
te Hardenberg en startte hij gelijktijdig met de opleiding tot ziekenhuisapotheker 
in het Scheper Ziekenhuis in Emmen (opleider drs. M.A.P.C. van de Poll). Tijdens 
zijn opleiding werd zijn interesse gewekt voor medicatie veiligheid, mede mogelijk 
gemaakt door informatietechnologie. Zijn opleiding werd eind 1983 met de registratie 
tot ziekenhuisapotheker afgesloten. Tot 1986 werkte hij als ziekenhuisapotheker in 
de toenmalige gemeenschappelijke ziekenhuisapotheek van het Röpcke-Zweers 
ziekenhuis en het Scheper ziekenhuis. Vanaf 1986 tot 2000 was hij hoofd van de 
ziekenhuisapotheek van het Röpcke-Zweers ziekenhuis te Hardenberg. Vanaf 2000 tot 
2008 was hij hoofd van de gemeenschappelijke ziekenhuisapotheek van het Röpcke-
Zweers ziekenhuis in Hardenberg en het Scheper Ziekenhuis in Emmen. Vanaf 2008 
tot zijn pensionering in 2016 werkte hij aanvankelijk als ziekenhuisapotheker in het 
Scheper Ziekenhuis in Emmen en later als zodanig in de ‘Regio Apotheek Vechtdal’, 
inmiddels een zelfstandig onderdeel van de Saxenburgh Groep, Röpcke-Zweers 
ziekenhuis te Hardenberg met als aandachtsgebieden, research en ‘informatisering 
en automatisering’.

Tijdens zijn carrière heeft hij veel bestuurlijk werk verricht zowel binnen als buiten het 
Röpcke-Zweers ziekenhuis, waar hij van 1996 tot 2000 voorzitter was van de Vereniging 
Medische Staf en van 2014 tot 2016 voorzitter van de Vereniging Medisch Specialisten 
in Dienstverband. Van 1998 tot 2002 was hij voorzitter van de Noordelijke Groep van 
Ziekenhuisapothekers. Hij was van 2006 tot 2011 lid van de Commissie ICT van de 
Nederlandse Vereniging van Ziekenhuisapothekers (NVZA). Ook was hij van 1999 tot 
2008 lid van de PharmaPartners/HI-Systems applicatiecommissie Zamicom, lid van de 
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validatie commissie van PharmaPartners/HI-Systems en van 2002 tot 2008 voorzitter van 
de Zamicom Raad eveneens onderdeel van PharmaPartners/HI-Systems. Van 1994 tot 
1998 was Willem lid van de gemeenteraad van Hardenberg. Willem pensioneerde als 
ziekenhuisapotheker in 2016.

In 2010 startte hij in deeltijd met het onderzoek beschreven in dit proefschrift aan de Rijks 
Universiteit Groningen, onder leiding van Prof. Dr. Katja Taxis, Prof. Dr. Patricia M.L.A. van 
den Bemt en Prof. Dr. J. Han de Gier.

Willem van der Veen is getrouwd met Wilma J.M. Stijkel en vader van hun twee volwassen 
dochters. In zijn vrije tijd reist hij graag, leest hij veel en is hij in en rond de stad en 
de gemeente Hardenberg maatschappelijk actief. Willem heeft veel interesse in de 
ontwikkelingen binnen de ICT-wereld. Willem is Rotary Paul Harris Fellow en bij zijn 
pensionering is hij benoemd tot erelid van de vereniging Medische Staf van de Saxenburgh 
Groep waarvan het Röpcke-Zweers ziekenhuis nu onderdeel uitmaakt.
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9.5 ABOUT THE AUTHOR (English)

Willem van der Veen was born in Groningen (The Netherlands) on May 16, 1952. In 1970 
he obtained his high school certificate (HBS-B, now VWO) from the ‘Eerste Christelijke HBS’ 
(now the Wessel Gansfort College) in Groningen. Willem subsequently studied Pharmacy 
at the University of Groningen. During his studies, he served from 1972 to 1978 as a 
(graduate) teaching assistant in the department of Pharmacognosy under the supervision 
of Prof. Dr. F.H.L. van Os. Willems master thesis was written under the supervision of Prof. 
Dr. T Huizinga and Dr. F. Molenaar and covered research into the rectal resorption of 
painkillers. He graduated in June 1978 as a pharmacist.

From September 1978 until December 1979 he fulfilled his military service as an army 
officer-pharmacist in the Royal Netherlands Army Medical Service.

In January 1980 he started working at the Röpcke-Zweers hospital in Hardenberg and 
simultaneously started his training as a hospital pharmacist at the Scheper hospital in 
Emmen (supervisor M.A.P.C. van de Poll). During his training, he became interested in 
medication safety through information technology. In December 1983, he completed 
his training and registered as a hospital pharmacist. Until 1986 he worked as a hospital 
pharmacist in the joint hospital pharmacy of the Röpcke-Zweers hospital and the Scheper 
hospital. From 1986 to 2000 he worked as director of pharmacy in the pharmacy of the 
Röpcke-Zweers hospital. From 2000 to 2008 he was director of pharmacy of the combined 
hospital pharmacy of the hospital ‘Röpcke-Zweers’ in Hardenberg and the Scheper hospital 
in Emmen. From 2008 until his retirement in 2016, he worked as a hospital pharmacist 
both at Scheper hospital in Emmen and in the ‘Regionale Apotheek Vechtdal,’ an indepen-
dent part of the Saxenburgh Group, Röpcke-Zweers hospital in Hardenberg with a focus 
on research, computerization, and information technology.

During his career, he has done considerable management work in the Röpcke-Zweers 
hospital in Hardenberg, where he chaired the board of the Medical Staff Association 
(Vereniging Medische Staf) from 1996 to 2000 and the board of the Association of 
Medical Specialists (Vereniging Medisch Specialisten in Dienstverband) from 2014 to 
2016. From 1998 to 2002 he was chairman of the board of the Northern Netherlands 
Group of Hospital Pharmacists (Noordelijke Groep van Ziekenhuisapothekers). From 
2006 to 2011 he was a member of the ICT Committee of the Dutch Association of 
Hospital Pharmacists (Nederlandse Vereniging van Ziekenhuisapotheker [NVZA]). From 
1999 to 2008 he was also a member of various committees at the software developers’ 
company PharmaPartners/HI-Systems, including the software application committee 
‘Zamicom’ and the validation committee, and from 2002 to 2008 he served as chairman 
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of the Zamicom advisory board. From 1994 to 1998 Willem was a member of the city 
council of Hardenberg. 

In 2016, Willem retired as a hospital pharmacist. 

He continued with the research described in this thesis, which he had started in 2010 as 
a part-time researcher at the University of Groningen, under the supervision of Prof. Dr. 
Katja Taxis, Prof. Dr. Patricia M.L.A. van den Bemt, and Prof. Dr. J. Han de Gier.

Willem van der Veen is married to Wilma J.M. Stijkel and the father of their two adult daugh-
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