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Chapter 8

SUMMARY

Injectable medication comprises all medications that can be injected, such as 
intravenous infusions and subcutaneous or intramuscular injections. Over 90% of 
all hospitalized patients receive some form of infusion therapy, including injectable 
medication.1 Administering injectable medication is also associated with an increased 
risk of patient harm. This high risk is caused by the fact that injectable medication has 
an immediate therapeutic effect and can reach dangerous drug levels in a short period 
of time. Besides, errors with injectable medication are often irreversible. When errors 
do occur, this can lead to an adverse event. An adverse event (AE) is an unintended 
injury that results in prolongation of a hospital admission, temporary or permanent 
disability or death and was caused by healthcare management instead of the patient’s 
disease.2 About 19-44% of adverse events involve medication, in particular at the stage 
of medication administration.3-5 It is estimated that approximately 10% of all injectable 
medication administrations are associated with at least one error.6

Measuring the number of adverse events is one perspective for looking at patient 
safety; it is called the Safety-I perspective. Safety-I has been the standard for years and 
most research is done from this perspective. Safety-II is a relatively new perspective 
and focuses on understanding how work that often goes well is performed in clinical 
practice. It also focuses on understanding resilience and variability in the process.7 
The main differences between Safety-I and Safety-II are that Safety-II focuses on all 
healthcare outcomes instead of only the negative outcomes (e.g. AEs), and Safety-II 
is more proactive and sees humans as a part of the solution instead of part of the 
problem.7

Administering injectable medication is a primary task of nurses. In the past decade, 
the role of nurses in the medication administration process has changed due to an 
increase in training-related interventions, interventions that prevent interruptions, 
various implemented protocols and the use of information technology. Most previous 
studies focused on just one of these aspects of the process. However, the medication 
process is complex8 and it is important to understand the whole healthcare system in 
which healthcare professionals work.

To increase the safety of administering injectable medication in Dutch hospitals, 
a protocol was implemented between 2008 and 2012. In 2020, that protocol is still 
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the prevailing protocol. It contains 25 steps for the safe administration of injectable 
medication of which nine most important and identifiable proceedings were selected 
by an expert group.9 The first evaluation of this protocol was conducted in the year 
2011/2012.10 It was found that protocol compliance (achieved when all nine proceedings 
are conducted correctly) was achieved in only 19% of all observed administrations.10 
The lowest compliance was observed in three proceedings: conducting hand hygiene, 
identifying the right patient and the check by a second nurse.10 These findings gave rise 
to questions such as: what are the reasons for poor compliance, is the protocol feasible 
or too complex to follow in daily practice, and what barriers and facilitators are related 
to protocol compliance?

To understand the whole injectable medication administration system, including the 
complexity, the Systems Engineering Initiative for Patient Safety (SEIPS) model can 
be used as a theoretical base.11 The model was introduced in 2006 (SEIPS 1.0) and 
revised in 2013 (SEIPS 2.0).12 By using SEIPS, we can understand interactions between 
the work system, processes and outcomes.11 Furthermore, an adaptation phase was 
incorporated in the SEIPS 2.0 model.12 With this phase, the model takes into account 
the fact that processes are not linear but dynamic, and that nurses need to react and 
adapt constantly to unexpected situations in the process (e.g. complexity). Therefore, 
the adaptation phase is in line with the Safety-II perspective.

The aim of this PhD thesis is to gain a deeper understanding, from a Safety-I and 
Safety-II perspective, of the complex process of injectable medication administration 
by hospital nurses. The SEIPS 2.0 model was used as a theoretical base. By gaining a 
deeper understanding, we aim to reduce the risk of future patients experiencing an 
injectable medication administration error during their hospital stay.

To achieve this aim, 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?

8
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The first research question is addressed in Chapters 2, 4 and 5. In Chapter 2 we 
conducted a second evaluation of the protocol for ‘safe preparation and administration 
of injectable medication’. In 16 Dutch hospitals we observed a total of 372 injectable 
medication administrations. Compliance with the protocol was complete when the 
nine most important and measurable proceedings were conducted correctly. It was 
found that complete protocol compliance was achieved in 22% of all administrations 
in 2015/2016. There had been no significant change over time (19% in 2011/2012). 
However, compliance with ‘patient identification’ improved significantly from 61% 
in 2011/2012 to 80% in 2015/2016. The use of barcode medication administration 
(BCMA) systems may have caused this increase. Compliance with ‘check by a second 
nurse’ (hereafter: double check) remained unchanged and was only 47%. To improve 
compliance with these proceedings, other interventions are needed, preferably focused 
on nurses, and individually tailored to each ward.

In the feasibility study in Chapter 4, we determined whether it was possible to 
calculate compliance with the protocol for ‘safe preparation and administration of 
injectable medication’ by reusing routinely recorded Electronic Health Record (EHR) 
data. The proceedings included in the protocol were translated into sixteen required 
data elements (eight data elements for preparation and eight data elements for 
administration). At twelve Dutch hospitals, an interview was conducted with healthcare 
professionals to decide whether the data elements were available in their EHR system. 
It was found that nine of the sixteen required data elements were recorded in the 
EHR, of which eight in a structured format. The seven missing data elements were 
mainly related to checks such as ‘gather all materials needed’ or ‘conduct hand hygiene’. 
Reusing EHR data to monitor compliance by nurses with the currently prevailing protocol 
therefore is thus not entirely feasible. However, there is a need to define which checks 
should be recorded in the EHR and which checks should be audited. Moreover, the 
currently prevailing protocol should be revised to match current clinical practice. 
Our results can be used as guidance for such a revision.

The study described in Chapter 5 is focused on patient outcomes, namely on the number 
of adverse events with medication. Thereby, we focused on one type of medication, 
namely opioids. We studied data from three Dutch retrospective patient record review 
studies in 32 hospitals (conducted in 2008, 2011/2012 and 2015/2016). In total, 10,917 
patient records were assessed by trained nurses and physicians. For each identified 
opioid-related adverse event, we described the preventability, type of medication 
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error, attributable factors and type of opioid involved. In the 10,917 patient records, 
357 adverse drug events (ADEs) were identified of which 28 (8%) involved opioids. 
Eleven were assessed as preventable. Of these, ten were caused by dosing errors and 
four probably contributed to the patient’s death. The risk of opioid-related ADEs was 
higher in elderly patients. Although the frequency of opioid-related adverse events 
is low, the risk of serious consequences is high. We recommend using our findings to 
increase awareness among physicians and nurses. Future interventions should focus 
on safe dosing of opioids when prescribing and administering, especially in elderly 
patients.

The second research question is addressed in Chapters 2, 3 and 6. In the second 
evaluation study in Chapter 2 we investigated which improvement strategies hospitals 
had implemented. This consisted of increased information technology to support the 
administration process (technology interaction), for example BCMA systems and smart 
pumps. Scanning the barcode on the patient’s wristband makes verifying the patient’s 
identity easier and it can be automatically logged in the EHR. Other strategies were 
related to the organization, i.e. the hospital (organizational interaction), for example, 
appointing designated injectable medication champions, conducting internal audits and 
implementing buddy systems.

The aim of the study in Chapter 3 was to determine the frequency and cause of 
interruptions during injectable medication administration. The data were collected 
during both the first and the second evaluation of the protocol for ‘safe preparation 
and administration of injectable medication’. We defined an interruption as a situation 
where a break was needed during the administration or where a nurse was distracted 
but could continue the process without a break. In total, 2,526 administrations were 
observed in this study. During 291 administrations (12%), nurses were interrupted 
at least once (environmental interaction). Most interruptions were caused by other 
nurses (19%) or by patients (19%). Do-not-disturb vests were worn by only 61 (2%) 
nurses during administration. There is a need to critically consider which strategies 
effectively improve safety during the high-risk nursing task of administering injectable 
medication.

Our final study, described in Chapter 6, is a qualitative in-depth study focused on the 
double check during the administration of injectable medication. A total of 27 nurses 
were interviewed in four nursing departments of two Dutch hospitals. The aim was 

8
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to determine the fit between the double check according to the protocol (work-as-
imagined) and the double check in clinical practice (work-as-done). The difference 
between the two provides insight into the adaptation abilities of nurses. It appeared 
that nurses split the double check into a digital check and a physical check in order 
to improve workflow (adaptation). The digital check was routinely conducted. For the 
physical check, nurses made their own risk-impact assessment using various criteria, for 
example, staffing, familiarity with the medication and the patient’s medical condition. 
We identified a lack of fit between work-as-imagined and work-as-done. It is unknown 
whether the variability in the process also causes patient harm. We recommend 
reconsidering the extent to which practice variation is acceptable and safe.

Chapter 7 contains a general discussion of this thesis. We describe our findings and 
reflect on these in the light of other literature. We also formulate the following four 
recommendations for future research and future clinical practice:

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

In this thesis, we used FRAM in particular as a Safety-II research method. 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. 
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 organization’s ability to monitor, learn, anticipate 
and respond to medication incidents. Moreover, excellence reporting is an up-and-
coming development in hospitals that can have a positive effect on the culture of a 
department. By reporting examples of good injectable medication administration 
practice, organizations can learn about the system and what elements are contributing 
to that practice.

Also, more research is needed to understand the impact of the Efficiency and 
Thoroughness Trade-Offs (ETTO) on high-risk processes such as injectable medication 
administration. If this is known, it is possible to determine how to assess the trade-offs 
and decide which need to be prioritized, which are safe and which threaten patient 
safety.
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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.13 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, how can patients be involved in 
conducting the double check or how do patients experience injectable medication 
administration at home?

3. Revise the current protocol for safe injectable medication administration

The currently prevailing protocol should be revised in order to be able to utilize 
the benefits of automation in hospitals. A new expert group should discuss which 
proceedings could be dropped, which proceedings still need to be measured and which 
new ones should be measured. We would advise keeping measurements of the double 
check and hand hygiene since these proceedings are still the most likely to be omitted 
and the most challenging in clinical practice. 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. 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.

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 culture 
around injectable medication administration. This thesis confirms that nurses do not 
deviate from the protocol without a reason. We should create a culture in which their 
assessment can be seen as good practice from which we can learn. We recommend 
focusing future research on this assessment and the effect of conducting a risk 
assessment for Safety-I (medication errors) and Safety-II (clinical practice).

8
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