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Chapter 7

This PhD thesis focused on the safe administration of injectable medication by nurses 
in hospitals. Our goal was to gain a deeper understanding of this complex process both 
from a Safety-I and a Safety-II perspective. The Systems Engineering Initiative for Patient 
Safety (SEIPS) 2.0 model was used as a theoretical base. Thereby, we aimed to reduce 
the risk for future patients of experiencing a medication administration error during 
their hospital stay. In this thesis we formulated two research questions:

1. What is the current nurse compliance with the protocol for safe injectable medication 
administration in hospitals and what is the current frequency of adverse drug events?

2. Which interactions in the work system and adaptations occur in nursing practice 
during injectable medication administration?

The SEIPS 2.0 model provided a structure for determining the injectable medication 
administration process; it is visualized in Figure 1.

Figure 1: The injectable medication administration process from a Systems Engineering Initiative 
for Patient Safety (SEIPS) 2.0 perspective.
BCMA = barcode medication administration, EHR = Electronic Health Record
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1. What is the current nurse compliance with the protocol for safe injectable 
medication administration in hospitals and what is the current frequency of 
adverse drug events?

This research question relates to the ‘processes’ and ‘outcomes’ phases of the SEIPS 
2.0 model. The results presented in Chapter 2 show that nurse compliance with 
the complete protocol (consisting of nine selected proceedings) for safe injectable 
medication administration is still low. Overall, no significant change was found over 
time (22% in 2015/2016 vs. 19% in 2011/2012). However, compliance with one of the 
proceedings in the protocol, ‘patient identification’, improved significantly from 61% in 
2011/2012 to 80% in 2015/2016. The use of barcode medication administration (BCMA) 
systems seems to have contributed to this increase. Compliance with the proceeding 
‘check by a second nurse’ (hereafter: double check) remained unchanged and was the 
least conducted proceeding (47%).

Real-time information about compliance can provide quick feedback about protocol 
compliance in daily practice, thereby increasing awareness and improving understanding. 
It was thought that it might be possible to reuse Electronic Health Record (EHR) data 
for this purpose. Unfortunately, our findings presented in Chapter 4 show that such 
compliance monitoring is not yet feasible. Only five out of eight administration data 
elements are routinely recorded in EHR systems. The data elements that are not 
routinely registered are mainly related to checks such as ‘gather all materials needed’ 
or ‘conduct hand hygiene’.

Furthermore, as shown in Chapter 5, the frequency of adverse drug events was 
substantial between 2008 and 2015/2016. Out of 10,917 patient records, 357 adverse 
events occurred that were related to drugs (ADEs). In our sample, 8% of the ADEs 
identified were specifically related to opioids. Although this percentage is low, the risk 
of serious consequences remains high.

2. Which interactions in the work system and adaptations occur in nursing 
practice during injectable medication administration?

We found several interactions and one adaptation during the injectable medication 
administration process. These were mostly related to the technology, tasks and 
environment in which nurses work and they show the difference between work-as-
imagined and work-as-done.

7
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Firstly, hospitals have implemented various technologies and tools to support the 
medication administration process, such as BCMA systems and smart pumps (Chapter 
2), which have resulted in changes in the process. Scanning the barcode on the patient’s 
wristband has made verifying the patient’s identity easier and the identity can be 
automatically logged in the EHR.

Secondly, hospitals also implemented improvement strategies on an organizational 
level, such as designated injectable medication champions, internal audits and buddy 
systems (Chapter 2). The buddy system is a system in which two nurses are appointed 
as each other’s buddy during the injectable medication administration process.

A third interaction that we identified is between nurses and the internal and 
external environment. Chapter 3 showed that nurses were interrupted in 12% of the 
observed injectable medication administrations, mainly by other nurses and patients. 
One intervention to prevent these interruptions is to wear do-not-disturb vests. 
However, these vests were worn in only 2% of all observed administrations.

The adaptation that we identified is focused on the double check by a second nurse. 
Chapter 6 showed that nurses split the double check into a digital check and a physical 
one. Since asking a colleague for the physical double check often takes too much time 
in daily practice, nurses conduct their own risk assessment (using various criteria) to 
prioritize the physical double check in the context of their other tasks. This trade-off 
reveals that nurses deviate from work-as-imagined, i.e. the protocol, if they have a 
reason, for example if they need to conduct other tasks that are more urgent.

Strengths and limitations

For the studies described in this thesis, we used observations, structured and  
semi-structured interviews and retrospective record reviews as methods to obtain the 
data. With these multiple data collection methods, we strived for a balanced explanation 
of all different aspects of the injectable medication administration process.1 Therefore, 
we see this methodological triangulation, both between and within the studies, as a 
strength of this PhD thesis. Another strength is that we built on previous research about 
injectable medication administration, which made it possible to compare the results over 
time. Moreover, we conducted several in-depth studies of the complex environment,  
in particular to uncover the story behind the poor compliance percentages.
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This thesis also has some limitations. Firstly, the Hawthorne effect (i.e. that nurses were 
aware that they were observed) may have had an influence on the compliance rate when 
directly observing nurses during injectable medication administration. The Hawthorne 
effect is a known but controversial topic within observational studies.2, 3 Despite the fact 
that our researchers remained unobtrusive and did not interfere with the healthcare 
process during observations (Chapters 2 and 3), the interviews (Chapter 6) showed that 
nurses did change their behaviour when they were directly observed. As a consequence, 
compliance rates could have been overestimated and this must be taken into account 
when interpreting the results. Alternative methods that might diminish the Hawthorne 
effect include disguised observations and video-recorded observations.4, 5 Yet under the 
current general data protection regulation, these methods may constitute an excessive 
invasion of the privacy of nurses and patients.

Secondly, we used data from three retrospective patient record review studies to assess 
the current frequency of adverse drug events. A limitation might be that adverse drug 
events that resulted in only minor patient harm or near misses are not always recorded 
in patient records. Although it has become more common to report ADEs over the last 
decade, there is still severe underreporting of ADEs (not only in the Netherlands).6, 7 
Therefore, this may have led to under-detection and under-recording of ADEs in the 
patient records. Since 2016, a new act on healthcare quality, complaints and disputes 
has obliged Dutch healthcare professionals to report adverse events in the patient 
record. This may lead to more reporting of ADEs in the coming years.

Finally, in this thesis we did not conduct studies to determine the effect of our 
understanding of the complex injectable medication administration process, in other 
words, whether our findings actually result in process improvements in clinical practice 
and fewer medication errors or less potential harm resulting from these errors. However, 
with our results, we provided an important first step by indicating where and when to 
intervene in the process in order to improve it.

Discussion of the main findings

By using Safety-I and Safety-II instruments, and the SEIPS 2.0 model as a theoretical 
base, this thesis has improved our understanding of the safety of the complex injectable 
medication administration process. It has also enabled us to provide evidence-based 
recommendations for clinical and scientific practice.

7
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Safety-I

Using Safety-I instruments (i.e. measuring protocol compliance and measuring ADE 
frequency, see Chapters 2 and 5 respectively), we have learned that standardizing a 
protocol comprising a large number of proceedings in a complex system does not seem 
feasible. Compliance with the protocol for safe injectable medication administration 
remains low, even after six years of implementing this protocol. Yet this applies to 
compliance with the complete protocol. Compliance with six of the nine proceedings 
is in fact high (>90%) and compliance with one of the proceedings has improved 
significantly thanks to BCMA technology. BCMA was implemented in half of the hospitals 
in our sample and use of this technology have increased since then in the Netherlands. 
In the USA, more than 90% of the hospitals already used BCMA by 2015.8

However, the changes related to the use of BCMA may also have given rise to new risks. 
Examples are when nurses disable alarms that might disturb patients or document the 
medication administration before it is administered instead of after.9 Another example 
is when nurses copy the barcode onto another item (e.g. a plastic card) and scan that 
item instead of the barcode on the wristband to avoid disturbing the patient at night. 
Though these actions might be conducted from a patient-friendly point of view, they 
are called workarounds and occur in 66% of the administrations.4 We did not observe 
workarounds, but we know that they are associated with medication administration 
errors.4 Therefore, it remains important to stay focused on the implementation 
of BCMA systems, and in particular on possible workarounds. Uniform training in 
using the systems and effective communication may help to achieve successful 
implementation.10

The main reasons for low overall compliance were failures to conduct hand hygiene and 
arrange the double check by a second nurse. Hand hygiene remains challenging in many 
healthcare processes, and compliance by healthcare professionals is also around 60% in 
comparable studies.11, 12 The double check consists of a digital and a physical check; the 
latter, the physical double check of the right administration route and rate, appeared 
the most difficult check to conduct. Most nurses do, however, see the importance of 
the double check and prefer it to single checking.13

Finally, the ADE incidence in hospitalized patients seems not to have decreased over 
eight years. This is similar to a previous review showing a heterogeneous ADE incidence 
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between 2000 and 2016.14 These findings show the need for a deeper understanding, 
which was the reason for our study presented in Chapter 6.

Safety-II

We switched from focusing on Safety-I to Safety-II. The added value of Safety-II is the 
positive approach, learning not just from what goes wrong but also from what goes 
right.15 That is also what healthcare professionals are currently looking for. Safety-II 
accepts the variability in care processes and focuses on the fact that nurses need to 
react and adapt constantly to unexpected situations in the process (e.g. complexity). 
We used the Functional Resonance Analysis Method (FRAM) as an instrument to 
visualize the work-as-done in clinical practice and to study the variability in the process 
(Chapter 6). Using Safety-II, we learned what considerations nurses take into account 
when conducting certain protocol proceedings, in other words, where trade-offs can 
be found in the process and if those trade-offs are variable and desirable. One reason 
why the double check is performed correctly in half of the administrations is because 
that nurses try to find a balance between efficiency and thoroughness. We found that 
nurses conduct a risk assessment to decide whether to conduct the double check or 
whether to skip the physical double check because of staff shortages or time constraints. 
These two reasons — staff shortages and time constraints — appear to be universal 
reasons for nurses as to why they are not able to conduct the double check in practice 
all the time.13 The double check has in any case become the subject of debate in the 
past decade. On the one hand, nurses believe in the procedure and feel it contributes to 
safety,13, 16 even if they are sometimes forced to skip the double check. This omission is 
unfortunately one of the leading causes of intravenous medication errors.17 On the other 
hand, the effectiveness of the double check cannot completely be proven.18 However, 
this does not mean that the double check is automatically ineffective and should be 
de-implemented. Hence, conducting the risk assessment needs more attention, since 
variability in clinical practice is too high to incorporate the risk assessment in the 
protocol.

Waefler et al. explain this balancing act by nurses as an optimum bandwidth in the 
Efficiency and Thoroughness Trade-Off (ETTO) (Figure 2).19 Compliance with activities 
such as the double check fluctuates as a winding line instead of a straight line. If the 
measurement falls within the bandwidth, it is the optimum compliance one can 
achieve and deviations are mainly caused by random variation in the process. If the 
measurement is outside the bandwidth, the compliance might first be increased by 

7
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for example standardizing the protocol or training. This fluctuation makes it difficult 
to measure compliance accurately if it is measured at only one point in time, as we did 
with our observations, and calls for a more continuous measurement of compliance, 
or a Safety-II perspective.

Figure 2: The optimum bandwidth of the Efficiency and Thoroughness Trade-Off (ETTO), taken 
from Waefler et al.19

SEIPS 2.0

By focusing on different aspects of the work system in the SEIPS 2.0 model (Chapters 
2 and 4), we have learned that increased implementation of information technology 
in nursing practice has contributed to improved compliance with the protocol, for 
example, BCMA systems to identify the right patient and right medication, and EHR 
systems with Electronic Medication Administration Records (eMAR) to identify the right 
administration time. These findings are in line with previous research.20

When looking more closely at the environment in which nurses work (Chapter 3), we 
found that nurses are often interrupted during injectable medication administration. 
This does not come as a surprise since nurses are positioned at the centre of the work 
system and are the healthcare professionals most closely involved in the care of the 
patient. This inherently causes interruptions. Most interruptions are caused by humans 
(e.g. patients, family and other healthcare professionals).21, 22 Although we found no 
significant association with protocol compliance, being interrupted has been described 
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as a major trigger for medication errors.21 In order to decrease interruptions, previous 
studies have tested interventions such as do-not-disturb vests.23-26 Wearing these vests 
has had varied success: nurses may be motivated to wear the vest as a short-term 
intervention, but in the long term, nurses had concerns about hygiene and felt like 
construction workers while wearing the vests.24 Our study even showed that wearing a 
vest might increase the risk of being interrupted, although this effect was not statistically 
significant. As a consequence, wearing the vest may be neglected and nurses may be 
more likely to be interrupted.

Protocol for safe injectable medication administration

The currently prevailing protocol for injectable medication administration was 
implemented between 2008 and 2012. At that time, many hospitals were still using 
paper charts for the administration of injectable medication. We showed that there 
have been changes in how the injectable medication administration process is arranged 
due to the implementation of EHR, BCMA and eMAR systems. In other studies, the 
use of BCMA systems resulted in a reduction of MAEs and considerable time saving 
for nurses during the administration of medication.27-29 However, this time saving did 
not lead to more time for the double check, but rather was used for documentation 
in the EHR.28

Furthermore, the protocol is designed as a care bundle with nine most important and 
identifiable proceedings to improve patient safety. Although research showed that care 
bundles may reduce the risk of negative patient outcomes, this is mainly based on low-
quality studies and no bundle is specified for injectable medication administration in 
particular.30 Also, most care bundles only have four elements and are measured in an 
all-or-none measurement in order to stress the importance of conducting all bundle 
proceedings. This means that all proceedings are equally important and have the same 
weight when calculating a total compliance percentage. In the injectable medication 
process, however, some proceedings may have more weight than others, as they may 
be more error prone or may cause more patient harm if omitted or not conducted in 
full. This may be the case for example for the double check or the actual administration 
of the medication, since these are the final defences before the medication reaches the 
patient.17 Thus, a more compact bundle consisting of the most error prone proceedings 
might be more useful.

7
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Recommendations for future research and clinical practice

The question that now arises is: how feasible is the current injectable medication 
administration system? Would it be possible to enhance the process by implementing 
more interventions or checks? And what are the possibilities given the expected 
increase in staff shortages in the coming years? Based on our findings, the following four 
recommendations should receive attention in future research and clinical practice.

1. Focus on the switch from Safety-I to Safety-II

This thesis showed that a switch from Safety-I to Safety-II is helpful to learn from trade-
offs and the underlying process behind compliance percentages. Looking at adverse 
events and compliance alone (Safety-I) was not enough to understand and improve daily 
practice. The switch can be made when the protocol is implemented in a department, 
the proceedings are clear, nurses are well trained in administering injectable medication, 
and there is a need to explore the complexity of underlying processes in more detail. 
We used FRAM in particular as a Safety-II research method. The number of studies 
that use FRAM to visualize healthcare processes is expanding,31-37 including regarding 
the administration of medication.38, 39 We believe FRAM is very useful for visualizing 
the complexity of healthcare processes. Future studies that use FRAM may adopt 
methodological enhancements from other FRAM studies, such as conducting a FRAM 
in hospitals in different countries,33 analysing processes backwards,40 or creating an 
intervention based on FRAM models.37 With this knowledge we can learn from the 
variability of processes in other contexts and it will help nurses to have a more thorough 
dialogue about their work-as-done. Another possible Safety-II research method that 
could be used to learn where to intervene in the complex process is the Resilience 
Assessment Grid (RAG), which aims to provide a profile (e.g. a Grid) of an organizations’ 
ability to monitor, learn, anticipate and respond to medication incidents.41 Moreover, 
excellence reporting is an upcoming trend in hospitals and can have a positive effect 
on the culture of a department.42 By reporting examples of good injectable medication 
administration practice, people can learn about the system and what elements are 
contributing to that practice.

Also, more research is needed to understand the impact of the ETTO in high-risk 
processes such as injectable medication administration. When these are known, it can 
be determined how to assess them and decide which need to be prioritized, which are 
safe and which threaten patient safety.
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Safety-II should, however, not be seen as a replacement for Safety-I. In this thesis we 
have learned that it is often not possible to administer injectable medication by following 
the prescribed protocol. While Safety-I is needed to raise awareness about the problem 
and root causes, Safety-II is needed to understand the complex and dynamic underlying 
processes in which incidents sometimes occur. Thus, Safety-I is still important because 
incidents are the most concrete examples of what can go wrong in healthcare, and 
they should be measured in order to detect relevant problems (e.g. what incidents 
are the most common and which have the most severe consequences). Future patient 
safety research should use both Safety-I and Safety-II instruments. With both Safety 
perspectives, it might be possible to achieve the resilient level on the safety culture 
ladder (Figure 3).

Figure 3: The safety culture journey, adapted by Hollnagel,41 originally designed by Westrum.43

2. Study the patient journey by using SEIPS 3.0

SEIPS 3.0 was published in January 2020. In this new version, the patient journey has 
become a central focus.44 A patient experiences the provision of healthcare often at 
multiple locations, delivered by multiple healthcare professionals and over a period 
of time. These aspects interact with each other and these steps and interactions can 
be described by using SEIPS 3.0.44 We started with the SEIPS 2.0 model with nurses 
at the centre. This provided the opportunity to take into account variability in the 
injectable medication administration process. In future studies it would be interesting 
to use SEIPS 3.0 and determine patient experiences, emotions and views with the 
injectable medication administration process from a patient-centred perspective, 
seen in the context of the whole care process. For example, this could show how 

7
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patients can be involved in conducting the double check or how patients experience 
injectable medication administration at home, which is a safe alternative for example 
for chemotherapy.45

3. Revise the current protocol for safe injectable medication administration

In our opinion the currently prevailing protocol should be revised so as to utilize the 
benefits of automation in hospitals. Furthermore, we recommend future studies 
to revise the bundle and limit the number of proceedings within the bundle. A new 
expert group should discuss which proceedings could be dropped, which still need to 
be measured and which new ones should be measured. We would advise keeping the 
double check and hand hygiene measurements since these proceedings are still the 
most likely to be omitted and the most challenging in clinical practice. New proceedings 
that could be measured are proceedings that emerge when using the BCMA system, 
such as the number of mismatch pop-ups because of a wrong time window or a wrong 
patient.

When revising the protocol, it should also be noted that while 100% compliance is the 
ideal, it might not always be feasible in clinical practice. For example, in one internal 
medicine department it transpired that amoxicillin was a frequently administered 
antibiotic. The double check for this type of medication was often not conducted. 
Instead, nurses chose to invest their double-check time in potentially more harmful 
medication, such as morphine. Thus, current practice suggests that it may no longer 
be desirable to require a completely independent double check for all medications. 
As an alternative, protocols could have one part that is standard for all departments 
and one part that could be customized for individual departments. A requirement 
for this customization could be that a risk assessment must be conducted by a 
hospital pharmacist or another designated person, looking at which medication types 
are frequently administered and what the risks are related to these medications. 
Another requirement might be that departments should prepare by conducting a FRAM 
to determine their work-as-done in clinical practice and to identify their trade-offs.

4. Invest in culture-enhancing interventions

It is an illusion to think that focusing on what goes well and revising the protocol will 
solve all problems. Therefore, future studies should also focus more on the patient 
and medication safety culture. We found that nurses do not deviate from the protocol 
without a reason. Nurses make a well-considered and substantiated decision to deviate 



147

General Discussion

from the protocol based on their knowledge and experience. We should create a 
culture in which their assessment can be seen as a good practice from which we can 
learn. We recommend focusing future research on this assessment and the effect of 
conducting a risk assessment on Safety-I (medication errors) and Safety-II (clinical 
practice).

Vision of future clinical practice

We can visualize the impact of our recommendations for Diana (the nurse in the General 
Introduction) in her future clinical practice. It is 2023 and Diana and her colleagues 
are doing their utmost to safely administer injectable medication. These excellent 
practices are registered in a positive routine reporting system. Diana has had training 
in using the barcode scanner and is now a super-user of the BCMA system in her 
department. She talked to her colleagues and the pharmacist about how they think 
injectable medication should be administered safely. This resulted in a list of high-risk 
medication for which they think a double check is absolutely necessary. To monitor 
the compliance with the most crucial protocol proceedings (e.g. the double check and 
patient identification), the business intelligence department created a dashboard. 
Unfortunately, last month an incident happened; instead of administering medication 
at 12 p.m., a colleague did not administer the medication at all. After that, the whole 
team came together to discuss what happened in their system and understand how 
this could have occurred. It appeared that the nurse was interrupted during the shift 
handover and thought the medication should only be administered when necessary. 
Based on this, the team decided that from now on telephones need to be given to a 
colleague when administering medication in order to prevent interruptions. Overall, 
Diana is satisfied and feels this way of working — focusing on what goes wrong and 
what goes well — increases medication and patient safety.

7
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