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Abstract
Objectives: It is unclear how nurses adjust the double check during injectable medication
administration andguarantee patient safety. We used the Functional Resonance Analysis
Method (FRAM) to determine the fit betweenthe double check according to the
protocol (work-as-imagined) and clinical practice (work-as-done). Weaimed to learn
about process variation in order to optimize safety during injectable medication
administration.
Methods: A qualitative study (February–July 2018) with semi-structured group
interviews. An internal medicineand a surgery ward of two Dutch hospitals participated
(four wards total). We interviewed nurses about injectable medication administration
practices, based on prior observations. A work-as-done model was constructedfor each
hospital. The work-as-imagined model was based on the Dutch protocol for safe
injectablemedication administration.
Results: A total of 27 nurses were interviewed. In both hospitals, nurses split the double
check into a digital andphysical check to improve workflow. The digital check was
routinely conducted. For the physical check, nursesmade their own risk-impact analysis
and assessed staffing, familiarity with the medication, severity of sideeffects, type of
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medication and administration route and the patients’ medical condition. Based upon
thesecriteria, nurses decided to conduct the physical double check or not.
Conclusions: We identified a lack of fit between work-as-imagined and work-as-done.
Nurses adjust the double check in practice by assessing the patients’ and wards’
situation. It is unknown whether this variability also causes patient harm. We
recommend to reconsider to what extent practice variation is acceptable and safe.

1.

Introduction

Over 90% of all hospitalized patients receive some form of injectable medication, such as
intravenous infusion, subcutaneous or intramuscular injections (Institute for Safe Medication
Practices (ISMP), 2015). These medications are of great value in the treatment of diseases because of
their immediate therapeutic effect. However, administering them has also a high risk for patient
harm, since medication errors with injectable medication are often irreversible. The likelihood of at
least one error, such as wrong dose or wrong time, during the whole injectable medication process is
73% (McDowell et al., 2010). Therefore, based on the ‘five rights’ of safe medication administration
(right patient, drug, dose, route, and time) (Hughes and Blegen, 2008), protocols for safe injectable
medication administration have been established internationally. In The Netherlands, such a protocol
has been implemented in 2009 and includes 25 proceedings (VMS, 2009).
Yet, compliance with the protocol proceedings for safe injectable medication administration is
low (Alemanni et al., 2010; Barthelemy et al., 2013; Choo et al., 2013; Schilp et al., 2014; Schutijser et
al., 2018; Westbrook et al., 2011). Especially the compliance with the double check proceeding is
between 45 and 90% and needs improvement (Alsulami et al., 2014; Kellett and Gottwald, 2015;
Schilp et al., 2014; Schutijser et al., 2018). The double check is defined as “a procedure that requires
two qualified health care professionals, usually nurses, who independently check the medication
before administration to patients” (Alsulami et al., 2012). Nurses see the double check as a way to
prevent medication errors (Schwappach et al., 2018). Compliance with the double check proceeding
in The Netherlands did not change over the years (52% in 2012 and 47% in 2016) (Schutijser et al.,
2018). Especially logistical factors such as staff shortage lead to low compliance (Alsulami et al., 2012;
Schutijser et al., 2018).
While previous studies focused only on compliance and the absence of the double check
(Alemanni et al., 2010; Alsulami et al., 2014; Schwappach et al., 2016; Sheu et al., 2009), extra
understanding is needed about how nurses actually conduct the double check proceeding in
everyday clinical practice. After all, most of the work seems to be carried out safely and without
harming patients. A deeper understanding may reveal workarounds or adaptation of the proceeding
while still guaranteeing patient safety. Furthermore, it may reveal a lack of fit between the protocol
(work-as-imagined) and daily clinical practice (work-as-done) and provide possibilities for
organizational learning to reduce the gap between work-as-imagined and work-asdone (Furniss et
al., 2018).
Previous studies on other proceedings have used The Functional Resonance Analysis Method
(FRAM) to evaluate complex clinical processes (Damen et al., 2018; Laugaland et al., 2014; Raben et
al., 2018). Protocols are often implemented with the Safety-I idea of preventing errors, whereby
compliance is the outcome measure (Clay-Williams et al., 2015). The lack of fit can arise because of
insufficient understanding of the actual process and conditions in daily practice and how health care
professionals adjust proceedings according to variable working conditions. FRAM is a method to
visualize essential activities of the work-as-done including the variability of daily practice (Hollnagel
et al., 2014).
To the best of our knowledge, a FRAM analysis of the double check proceeding during injectable
medication administration has not yet been published by others. Therefore, we used FRAM to
determine the fit between the double checking proceeding according to the protocol (work-as-
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imagined) and clinical practice by nurses (work-as-done) in order to learn about variation in the
process, adapting behaviors of nurses and identify facilitators and barriers to correct performing the
double check. This knowledge is needed in order to optimize safety during the injectable medication
administration process.

2.

Materials and methods

2.1. Design
Between February and July 2018, we conducted a qualitative study, using observations and semistructured (group) interviews focusing on the current daily practice of the double check during
injectable medication administration. We defined the double check according to the Dutch protocol:
a second nurse checks the administration on right (1) medication order, (2) medication name, (3)
dose, (4) administration route, (5) administration rate, (6) patient and (7) time (VMS, 2009). The
second nurse needs to compare the information with the original medication order from the
physician (confirmation), and calculate the right administration rate separately (independent check).
Hence, the second nurse has not only a confirmative role (Furniss et al., 2018). The medical ethical
committee of the Amsterdam UMC, Vrije Universiteit Amsterdam waived the requirement of
informed consent (protocol number: 2018/156) as they found the scope of the study outside the
Dutch Medical Research (Human Subjects) Act. Nevertheless, prior to each observation and (group)
interview, oral consent was obtained from the nurses. The COREQ guideline was used to report this
study (Tong et al., 2007).

2.2. Setting
Two Dutch hospitals participated in this study, one university hospital (hospital A) and one general
hospital (hospital B). The university hospital has 733 beds and over 7000 staff members and the
general hospital has 277 beds and over 1500 staff members. Both hospitals were selected based on
their compliance with the proceeding “double check by a second nurse”, as evaluated in a previous
evaluation study (Schutijser et al., 2018). Hospitals were compliant with the double check when all 7
steps (medication order, medication name, dose, administration route, administration rate, patient
and time) were conducted correctly. Thus, when work-as-done was conducted according to work-asimagined. Since we also aimed to learn from what goes right, we selected one hospital with high
compliance (100%, hospital B) and one hospital with average compliance (41%, hospital A). In both
hospitals, two wards were invited to participate, an internal medicine and (general) surgery ward. All
four wards participated in the previous evaluation study (Schutijser et al., 2018).

2.3. Participants
For observations and interviews, all nurses (including trainees) involved in the administration of
injectable medication on the participating wards were eligible to participate. Nurses were
purposively invited to participate in the study by a senior nurse. For both the observations and
interviews, nurses needed to be working on one of the selected wards and needed to be qualified to
administer injectable medication. Participation in the study was voluntary for nurses and
their information was anonymously processed.

2.4. Functional resonance analysis method
The Functional Resonance Analysis Method (FRAM) was used to visualize essential activities of the
double check process as it usually takes place (Hollnagel et al., 2014). This “work-as-done” model can
be compared with the ideal model according to the protocol (“work-asimagined”). The FRAM also
takes into account variability, dependencies of activities and potential facilitators and barriers to
correct performing the double check (Clay-Williams et al., 2015). For each essential activity, a
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function (visualized as a hexagon) is created. Functions are described by a verb and need to be
performed by nurses to achieve a certain goal (i.e. to identify the patient). On each function, six
aspects (Input, Output, Precondition, Resource, Control, Time) are relying (Fig. 1) (Hollnagel et al.,
2014):

• Input: start of the function, for example the medication order is registered.
• Output: the result of the function, for example the administration of medication.
• Precondition: without these, the function cannot be conducted, for example the medication order
is authorized.

• Resource: these are necessary during the execution of the function, for example working Wi-Fi
connection to use a computer-on-wheels (COW) with a barcode scanner.
• Time: any time related restriction, for example, medication is only administered during the
medication rounds.
• Control: the way the function is monitored, for example an audit every two months.

[Figure 1]
We used FRAM because the role of nurses can be seen as flexible and compensating. Nurses are
often compensating for inadequacies in health care. This resilience results in adjusting to situations in
practice (McNamara and Fealy, 2010). The number of studies that used FRAM in healthcare
processes are limited (Buikstra, 2018; Clay-Williams et al., 2015; Damen et al., 2018; Laugaland et al.,
2014; McNab et al., 2018; Raben et al., 2018; Ross et al., 2018). FRAM provides a unique opportunity
to visualize complex processes. As compared to previous studies, FRAM can reveal which activities
nurses actually do when they are double checking injectable medication. By visualizing this process
with FRAM and the variability in the process, we aimed to better understand factors affecting the
double check process. Besides, although individual interviews are recommended for the datacollection in FRAM studies, few studies conducted group interviews as a new method (Bridges et al.,
2018; McNab et al., 2018). In our study, the work-as-done model was also constructed based on
group interviews. The work-as-imagined model was based on the prevailing Dutch protocol for safe
injectable medication administration (VMS, 2009).
Functions in both work-as-imagined and work-as-done models were further divided in
“foreground” and “background” functions: foreground functions were defined as the main and most
important activities related to the double checking process. Background functions are activities
related to other proceedings during injectable medication administration. Facilitators and barriers to
correct performing the double check were divided in culture, technology, staff and organizational
related factors and were based on a data-driven analysis. In addition, to better understand the workas-done models, variability of the Output of foreground functions were described in (1) internal
variability (i.e. variability of the function itself), (2) external variability (i.e. variability of the work
environment), (3) upstream-downstream coupling (i.e. variability from upstream functions), and (4)
the manifestations of variability in terms of time (too early/on time/too late/omission) and precision
(imprecise/acceptable/precise) (Hollnagel et al., 2014). Functions with a high variability can have
impact on other functions further in the FRAM model and eventually involve additional risks for
conducting the process.

2.5. Data collection
We first conducted observations of nurses during injectable medication administration followed by
semi-structured (group) interviews with nurses. Nurses were directly observed by using the same
method as in previous observational studies by our research group (Schilp et al., 2014; Schutijser et
al., 2018). In summary, nurses were observed while administering injectable medication to patients
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older than 18 years, during the medication rounds from 6 AM to 10 PM. Parenteral nutrition,
intravenous chemotherapy and acute medications were excluded from the observations because for
these medications other administration protocols apply. A standardized observation form was used
to evaluate the nine most important and identifiable administration proceedings from the prevailing
Dutch protocol (Supplement A). Correctly conducted proceedings were marked on the observation
form. The findings from the observations served only as input for the interviews to give examples of
proceedings with high and low compliance. Observations were not further analyzed, as no
differences in the observations were found in comparison to the previous observational study
(Schutijser et al., 2018).
After the observations, nurses were interviewed either individually or in groups of two or three
nurses. The group size depended on the availability of the nurses. For the interviews, a topic list was
used, which was based on the FRAM method (Supplement B). In order to gain rich and meaningful
data, examples from observations were used during the interviews and nurses were invited to reflect
on these observations. One researcher (BS) conducted the interviews and a second researcher (SP)
assisted and made field notes. Each (group) interview lasted approximately 30min and started with
an introduction of the researchers and the goal of the interview. Also, gender and nursing experience
(in years) of the participants were registered. Interviews were recorded if participants gave their
consent. Two nurses refused to be recorded, one due to medical and one due to personal reasons;
those interviews were transcribed directly after the interview by both researchers. Interviews were
executed until data saturation was reached, providing no new information regarding the wards
process of double checking. Two test interviews with independent nurses were conducted to gain
more experience with the interview questions and to finalize the topic list.

2.6. Data analysis
All interviews were transcribed within a few days following the interview. Both researchers (BS
and SP) individually coded all interviews through open coding and by using the six FRAM aspects as
codes. Every process step during the double check was translated to a function. Then, related aspects
(Input, Output, Precondition, Resource, Control, Time) were recognized from and coded per ward.
Two senior researchers (IJ and JK) also coded the first two interviews in order to reach consensus
about the coding method. After coding the interviews, the work-as-done model was first drafted in a
FRAM model on paper, then discussed by BS, SP and IJ, and finally created with the FRAM Model
Visualizer software (Hill, Version 0.4.1 2016). Two overall work-as-done models were created
representing the aggregated processes in both hospitals. After the data analysis, each ward was
offered the opportunity to discuss the results (in a meeting) from the work-as-done model and to
formulate recommendations to help eliminate identified barriers.

3.

Results

3.1. Participants
In total, 18 nurses were observed during injectable medication administration: 10 nurses in
hospital A and 8 nurses in hospital B. Subsequently, 27 nurses were interviewed during 15 interviews
(Table 1). Most interviewed nurses were female (81%) and median years of nursing experience was 8
years (Inter Quartile Range: 4–13 years). In both participating hospitals, nurses used electronic health
records (EHR) with medication administration records and barcode medication administration
(BCMA) systems during the injectable medication administration process. Data saturation was
reached on all wards.
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[Table 1]
[Figure 2]
3.2. Work-as-imagined model using FRAM
The work-as-imagined model consisted of 23 functions of which 2 foreground functions focused
specifically on the double check (Fig. 2):
1. To administrate medication: The medication is prepared and ready for administration (Input).
The medication needs to be administered at the prescribed Time. The nurse asks a second nurse
for a physical double check at the patients’ bedside (from Output of<To administrate
medication>to Input of<To conduct the double check >). The Output is that the medication is
administered and can be signed off (from Output of<To administrate medication>to Input of<To
sign medication order >).
2. To conduct the double check: The second nurse checks the medication order, medication name,
dose, administration route, administration rate, patient and time. The double check is
considered ‘complete’ when all 7 steps are conducted (Supplement A) (from Output of<To
conduct the double check>to Control of<To administrate medication >). A Precondition for the
double check is that the medication has been ordered by a physician.

3.3. Work-as-done model for hospital A using FRAM
In hospital A, we identified 3 additional foreground functions as compared to the work-as-imagined
model. Besides, 1 of the 2 foreground functions from the work-as-imagined model was adapted in
daily practice. In total, 5 foreground functions focused specifically on the double check (Fig. 3):

[Figure 3]
1. To assess the situation on the ward: Medication is prepared and ready for administration
(Input). Nurses assess the situation on the ward by mentally considering several criteria
(Control): how frequent he/she administrated this medication previously, what the current
workload is on the department, how severe the possible side effects of the medication can be,
what the current medical condition of the patient is and what type of medication need to be
administered by which administration route. The Output is a decision whether a second nurse is
needed to conduct a physical double check.
(IA3): “My instinct tells me that medication administered by syringe pumps, potassium and
antibiotics are really high-risk medications. Therefore, I find it necessary to involve a second
nurse in the double check.”
(IA6): “Anti Thymocyte Globulin for example, that is a medication with many side effects. For
me, that is a high-risk medication and I handle it extra carefully. Not only during preparation, but
also during administration a double check from a colleague is necessary.”
2. To verify administration route and rate in the hallway or medication room: If the nurse decides
that the physical double check is unnecessary, but a second nurse happens to be available in the
medication room or in the hallway, the right administration route and rate will be verified orally.
If no colleague nurse is available in the medication room or hallway and/or when the nurses
decide that no physical double check is necessary, then the nurse proceeds to the patients’
bedside.
(IA8): “I take the medication with me and then I show it to another nurse who usually stands in
the hallway with the Computer on Wheels (COW). ‘I’m now going to give this medication to that
patient, is that ok?’ and then I sign for the medication and go to the patient.”

This is a Nivel certified Post Print, more info at nivel.nl

6

Schutijser, B.C.F.M., Jongerden, I.P., Klopotowska, J.E., Portegijs, S., Bruijne, M.C. de, Wagner,
C.Double checking injectable medication administration: Does the protocol fit clinical practice?
Safety Science: 118 (2019) p. 853-860
3. To conduct digital double check: The nurse walks to the patients’ bedside with a COW and a
barcode scanner (Resources). Through the use of a COW, the nurse has access to the medication
administration record within the EHR of the patient. The nurse executes a digital double check
for 5 of the 7 steps: right patient by scanning the barcode on the wristband of the patient and
right medication order, name, dose and time by scanning the barcode on the medication label.
The information from the wristband and medication label is automatically compared with the
information in the HER and medication administration record. If discrepancies are identified, the
nurse is alerted by a pop-up.
4. To administrate medication: When the digital double check has been conducted and no
discrepancies have been identified, the nurse starts to administer the medication (Input). A
Precondition is that the infusion is adequately running and during the administration all
materials are available (Resource). When the nurse decides a physical double check is necessary,
a second nurse is asked to accompany him or her. The Output is that the medication is
administered.
5. To conduct physical double check: A second nurse conducts only the final 2 steps of the double
checking proceeding: right administration route and rate. During the interviews, nurses provided
examples of medications for which they think a physical double check is always necessary:
heparin, morphine, midazolam, ketamine, potassium, furosemide, insulin and infliximab. In
addition, nurses mentioned that the physical check is more feasible during dayshifts than during
evening or nightshifts (Time) since during dayshifts, enough staff is available to conduct the
physical double check. Finally, it is possible for ward supervisors to digitally check if the physical
double check has been signed in the system (Control).

3.4.

Work-as-done model for hospital B using FRAM

The work-as-done in hospital B differed from hospital A only on the check of the right patient (Fig.
4). This is an extra foreground function in the model as composed to hospital A. Nurses at hospital B
conduct almost always, regardless using a barcode scanner, a verbal verification of the patients’
identity with the patient.
3. To identify the patient: In addition to the digital check on right patient, patients that are conscious
(Precondition) are verbally asked for their date of birth. If a patient is unconscious, then the nurse
starts the actual administration and this activity is skipped.
(IB5): At the patients’ bedside you still check the patients’ date of birth. You always ask that, you
just have to.”
In addition, during the interviews, nurses at hospital B provided examples of medications for
which they think a physical double check is always necessary: prothrombin complex concentrate,
gentamicin, heparin, morphine, midazolam and blood.

3.5. Differences between hospital A and B
In addition to the identification of the patient in the work-as-done model in hospital B, there are
several other differences between both hospitals. In contrast to hospital A, the pharmacy
department in hospital B prepares almost all scheduled injectable medication (mainly antibiotics) and
nurse trainees are allowed to conduct both the digital and physical double check (after they have
passed a test). Furthermore, the presence of a second nurse in hospital B is experienced as an
interruption by some nurses, making it less likely that they ask a second nurse for the physical double
check. On the other hand, if nurses in hospital A decided that no second nurse is needed/available
for the physical double check, they still verify the administration route and rate with another nurse
on the wards’ hallway.

This is a Nivel certified Post Print, more info at nivel.nl

7

Schutijser, B.C.F.M., Jongerden, I.P., Klopotowska, J.E., Portegijs, S., Bruijne, M.C. de, Wagner,
C.Double checking injectable medication administration: Does the protocol fit clinical practice?
Safety Science: 118 (2019) p. 853-860

(IB1): “With a nurse trainee you are already with two and when the
trainee administers the medication, I can check him/her.”

3.6. Variability
Variability was mainly identifiable in the function:<To assess the situation on the ward>as this
assessment is conduced depending on the opinion of a nurse involved in injectable medication
administration. The criteria used for this assessment resulted in the decision whether or not a second
nurse is asked for the physical double check. This decision is individually made (internal variability)
and seems to relate to the subjective expertise, experience and judgement of the nurse involved. The
decision either results in the execution of the physical double check further in the process or not (<
To conduct physical double check >). External variability for this function seems to relate to staffing
(interns available or not), the type of department, the complexity of patients diseases on the
department and to unspoken expectations between nurses regarding the assessment. The imprecise
output of this function can affect the variability of downstream functions (upstream-downstream
coupling). To understand the manifestations of variability in terms of time and precision; the
assessment is conducted during the administration and is therefore on time. However, the outcome
of the decision is imprecise due to each nurses’ interpretation of the situation at that moment.

[Figure 4]
3.7. Facilitators and barriers
Facilitators and barriers to correct performing the double check can be divided into culture,
technology, staff and organizational related factors. Most nurses understood why the double check is
necessary and that it contributes to decreasing the amount of medication errors. Moreover, nurses
believe that their team is critical, collegial and open for feedback. Electronic health records with
medication administration records and barcode systems support the double check. Additionally, the
availability of trainees increases the opportunity for the physical double check, since it provides more
personnel. A final facilitator is that the hospital pharmacy prepares several types of medication.
However, there are also barriers. A small proportion of the nurses did not believe that the double
check contributes to improved medication safety. Besides, nurses experience an increased workload
due to increased clinical complexity of patient care and short admission periods. Furthermore, the
COW sometimes fails to work resulting in delays in the medication administration process. Mainly, a
staff shortage, in addition to a lack of time and the amount of interruptions during injectable
medication administration was mentioned. A final barrier was lacking an overview of the medication
preparation process by the hospital pharmacy.
(IB2): “Officially, two nurses have to go to the patient, but that does not always happen, especially
due to a lack of time.”
(IB5): “I have never succeeded in giving medication in a quiet environment.”
(IB3): “In the past, maybe 5 patients on the ward had an infusion, now almost everyone has one.”

4.

Discussion

In our study, we found a lack of fit between work-as-done and workas- imagined in double
checking during injectable medication administration. The work-as-done model is more complex and
consists of more activities than the work-as-imagined model. During work-as-done, nurses split the
double check into a digital and physical check. The digital check is a double check on right medication
order, medication, dose, time and patient. The physical check is a double check on right
administration route and rate. Nurses almost always succeed in conducting the digital double check,
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but not always in conducting the physical double check for every administration. Although the
intention to conduct the physical double check is certainly present among nurses, several barriers
result in protocol workarounds. For example, prior to the administration, nurses conduct their own
risk-assessment (using various criteria) to decide whether or not a physical double check is absolutely
necessary in their opinion.
This study visualized the double check process of nurses in detail. Only few previous studies
focused in such detail on the double check as well, which makes our results innovative and
complementary to existing results. Most studies reported that the double check process is poorly
defined and that many variations of the double check process are executed in hospitals (Dickinson et
al., 2010; Kellett and Gottwald, 2015). One detailed process description is the read-read back method
from (Schwappach et al., 2016): one nurse reads out loud the medication order and another nurse
verifies this on the medication label and vice versa. However, this study is different from ours since it
is conducted on an oncology ward and focused on chemotherapy, and the role of the barcode
scanner is unclear in the various scenario’s.
We found that a lack of time is a major barrier for conducting the double check proceeding during
injectable medication administration. This is in line with other studies (Alsulami et al., 2012;
Armitage, 2008; Schwappach et al., 2018). The double check, in particular the physical double check,
is time-consuming and requires a second nurse at the patients’ bedside (Schutijser et al., 2018). With
the implementation of BCMA systems, time spent on double checking has already been reduced. In
hospitals with a BCMA system, the double check can always be conducted digitally for 5 of the 7
double check steps. Therefore, the risk of patient harm is already reduced during the double check
process. Should it be possible to conduct the other 2 steps, right administration route and rate, by
also using the barcode scanner (for example with smart pumps or a camera in the barcode scanner),
then the time spent on the double check will be reduced dramatically and the risk of patient harm
will reduce further. Other facilitators to correct performing the double check, according to the
nurses, that reduce the time spent on double checking are the availability of trainees and the
preparation of injectable medication by the hospital pharmacy. Shifting the preparation of injectable
medication from nurses on the ward to the hospital pharmacy is an emerging development. It is even
estimated that using robotic devices to prepare medications in the hospital pharmacy can reduce
healthcare costs and medication errors (Urbine and Schneider, 2014).
Nurses assess the situation on the ward because of a lack of time and availability of a second
nurse to conduct the physical double check for all injectable medication administrations. Criteria
used for this assessment are not mentioned in previous studies, except the patients’ medical
condition and the type of medication (Alsulami et al., 2012; Kellett and Gottwald, 2015). The
individual assessment by nurses can be seen as a positive and negative outcome of the lack of fit
between the workas- imagined and work-as-done. Positive because it shows the nurses’ willingness
to decrease risk of patient harm when administering injectable medication by using their knowledge
about and experience with medication. Based on this knowledge and experience, nurses make a wellconsidered and substantiated decision to work around the protocol. The physical double check of
‘top high-risk’ medication can be seen as a good practice from which we can learn. Not following the
protocol completely without making a medication error might reduce work load and fit better in
practice. However, the down side of the assessment is that it relies on individual experience,
knowledge and confidence of the nurse involved. Therefore, it introduces a high degree of variability
in the double check process. The current protocol does not accept variability and requires that all 7
steps included in the double check proceeding are conducted independently by a second nurse for all
injectable medications. Thus, if the protocol is leading, the assessment is not desirable. However, at
present it is unknown if the individual assessment by nurses actually leads to errors in the injectable
medication administration process. Future research should focus on this aspect and reconsider
whether to continue to pursue 100% protocol compliance or accepting that variation exist and that
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nurses assess the situation on the ward. Besides, future research can also focus on whether the
double check need to be independent or that a confirmative role is also sufficient.
To date, only a limited number of studies applied FRAM to evaluate healthcare processes
(Buikstra, 2018; Clay-Williams et al., 2015; Damen et al., 2018; Laugaland et al., 2014; McNab et al.,
2018; Raben et al., 2018; Ross et al., 2018). We believe FRAM is very useful for visualizing the
complexity of healthcare processes, such as the double check. The (group) interviews appeared an
effective method to gain detailed information about the work-as-done. In the future, studies
focusing on this topic may learn from methodological enhancements from other FRAM studies, for
example by conducting the FRAM in more than one country (Damen et al., 2018), by analyzing the
process backwards (Bridges et al., 2018), or by creating an intervention based on the FRAM models
(Ross et al., 2018). Furthermore, Shorrocks’ extra dimensions work-as-disclosed and work-asprescribed describe a grey area that can be explored more while balancing between visualizing the
complex process and the ease of interpretation for nurses (Shorrock, 2016). In total, the time
investment in our study to conduct the FRAM per hospital was approximately 60 h. This is more than
the suggested time investment of Damen et al. (2018), because we also conducted observations at
each site (Damen et al., 2018). The two selected hospitals differed in hospital type (general vs.
university) and double check compliance rate (high vs. average compliance). A striking finding in our
study is that, despite the major differences in compliance rates between the participating hospitals in
the previous study (Schutijser et al., 2018), the differences in the actual work-as-done process in
both hospitals were small. Three factors may explain why the observed compliance in hospital B was
higher in the previous study (Schutijser et al., 2018). Firstly, the Hawthorne effect during
observations may have had more influence on the performance of injectable medication
administration than we initially thought. The interviews showed that nurses know all protocol
proceedings for safe injectable medication administration considerably well and are able to
reproduce them if needed. Secondly, in hospital B, trainees were allowed to conduct both the digital
and physical double check which works effectively in overcoming a staff shortage. Thirdly, hospital A
had a higher amount of injectable medication administrations per medication round. When many
medications needs to be administered at the same time by several nurses, it is certainly plausible
that they have less time to conduct the physical double check.

4.1. Strengths and limitations
To our knowledge, this is the first study that used FRAM to provide detailed information about
the actual clinical process of double checking injectable medication. We determined the double
check process by using a combination of observations and interviews. Since the double check is, preeminently, a proceeding that requires the cooperation of more than one nurse, we used the power
of group interviews to invite nurses to respond to each other. However, this study also has some
limitations. Firstly, this study was limited to two different wards in two hospitals. Therefore, the
results cannot be generalized to all hospitals. Secondly, nurses in our sample were invited in a
purposive sampling way. This may have brought bias in the results, as the nurses could be a selected
group or could be the ones with the most outspoken opinions about the double check proceeding.
However, none of the nurses asked, refused to participate. Moreover, the gender and years of
nursing experience varied between the nurses, which suggest that our sample was a heterogeneous
group of nurses.

5.

Conclusions

By using FRAM, we identified a lack of fit between work-as-imagined and work-as done for
conducting the double check proceeding during injectable medication administration in two Dutch
hospitals. Work-as-done revealed that, prior to conducting the double check, nurses assess the
patients’ and wards’ situation and decide whether a physical double check is necessary or not. A
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physical double check is most likely conducted when a patient is vulnerable or when the medication
is not frequently administered. The risk-impact analysis is individually made and may vary between
nurses. It is unknown whether this variability causes patient harm. It is important to reconsider to
what extent practice variation is acceptable and safe, or that the focus will still be on 100% protocol
compliance. If variation due to the assessment by nurses is to be accepted, then we recommend to
organize discussion meetings among nurses and the ward management to raise awareness about the
assessment, the criteria and barriers and risks. Furthermore, we recommend ensuring adequate
education of nurses to achieve the individual assessment. Future research should focus on the
possibilities for conducting the double check solely digitally by using a barcode scanner.
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Tables and figures
Figure 1 Example of a FRAM Function.

Table 1 Characteristics of the interviewed nurses (n=27).
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Figure 2 ‘Work-as-imagined’ model for the injectable medication administration process.

Figure 3 ‘Work-as-done’ model for the double check procedure during injectable medication
administration in hospital A. Black hexagons are new activities as compared to the ‘workas-imagined’ model.
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Figure 4. ‘Work-as-done’ model for the double check procedure during injectable medication
administration in hospital B. Black hexagons are new activities as compared to the ‘workas-imagined’ model.
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