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Review 

Educational interventions to reduce nurse medication interruptions: A 
scoping review☆ 
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A B S T R A C T   

Background: Preventable harm from medicines is a global problem creating huge economic and social burden. 
Interruptions occur frequently in clinical environments causing medication episodes to take longer and having a 
cognitive cost on the nurse. 
Aim: The aim of this scoping review is to identify and evaluate educational interventions that have been 
employed to reduce medication interruptions and improve medication safety. 
Methods: Six databases were searched for the scoping review (PubMed, Embase, Cochrane Library, CINAHL, 
Pishin and Medline) along with reference lists and grey literature searches. Articles were included if they were 
written in English, published between 2010 and 2020 and employed an education intervention (including 
bundled interventions). Databases were searched using keywords and Boolean operators. 
Results: Eight studies met the inclusion criteria. Seven of these studies were conducted in hospital (adults n = 6, 
paediatric n = 1) and one study in a university with undergraduate nurses. Four studies used a combined 
intervention and four exclusively employed an education intervention. Five studies found a significant decrease 
in the number of interruptions post intervention, but one of the studies that exclusively employed an education 
intervention found no significant difference. Changes in the nurses' behaviour post intervention were also cited in 
two studies. 
Implications for future research: There was a lack of exclusive education interventions, making it difficult to 
determine the effectiveness of education at reducing medication interruptions. This review highlights the ne-
cessity of some interruptions when performing tasks, for example, to make a nurse aware of a deteriorating 
patient. However, as the majority of studies used the number of interruptions to determine the effectiveness of 
the intervention, there is uncertainty as to whether this is the right outcome measure to use. In the future, a focus 
on outcome measures reflecting change in nurse behaviour may be more effective in determining the strength of 
an educational intervention.   

1. Introduction 

Preventable harm from medicines is a global problem which creates 
a huge economic and social burden (Dickinson et al., 2012). The World 
Health Organisation (WHO) has recognised the issue and developed a 
strategy to reduce avoidable medication errors by 50 % by 2022 
(Donaldson et al., 2017). Donaldson et al. (2017) estimated that the 
annual global cost of medication errors is US$42 billion, which 

represents approximately 1 % of the global expenditure on health. In 
2018, Elliott et al. (2018) found that each year in England, an estimated 
237 million medication errors occur at some point during the medica-
tion process, with 66 million of these being potentially clinically sig-
nificant errors. The U.S. Food and Drug Administration (2016) found 
that at least one death a day can be contributed to medication errors, and 
injuries to around 1.3 million people every year. 

The complexity of a Paediatric Intensive Care Unit (PICU) can mean 
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medication errors or Adverse Drug Reactions (ADRs) are more likely. 
There are environmental factors that can cause a higher risk of drug 
errors including the acuity of patients, the frequency of drugs and the 
complexity of the calculations associated with paediatric drugs (Bower 
et al., 2015). A single medication error will have several contributing 
factors, many of which are human in nature. Nurses often work in a busy 
and stressful environment, where interruptions frequently occur (Myers 
& Parikh, 2019). Interruptions and distractions are both key contrib-
uting factors leading to medication errors globally (Kwon et al., 2021; 
Davidson et al., 2022). Interruptions can occur frequently in clinical 
environments. One study found that 99 % of observed medication epi-
sodes (55/56) were interrupted (Johnson et al., 2017). Research sug-
gests that there is a cognitive cost of interruptions, such as reducing 
concentration, causing confusion and reduction in work efficiency (Cole 
et al., 2016). Research can also delay time critical jobs such as patient 
assessments and cause a decline in effective communication leading to a 
deterioration in patient's health (Weigl et al., 2016). Interruptions can 
include self-distraction, loss of focus, patients, other healthcare pro-
viders, phone calls and texts (Hayes et al., 2015). Kalisch and Aebersold 
(2010) found that nurses spend approximately 30 % of their time at 
work multi-tasking, which can have both positive and negative effects. It 
can allow nurses, who often are constrained on time, to use their time 
more effectively. On the other hand, it can also affect their workload 
which can impact patient's safety (Kalisch & Aebersold, 2010). 

Studies have associated interruptions with clinical errors and pro-
cedural failures (Eid et al., 2022), however, the link has never been 
directly proven. A review of 38,063 medication errors identified that 
interruptions were the most common contributing factor (Santell et al., 
2003). Distractions/interruptions were identified in nearly half of the 
reports into the medication errors. Many of the studies investigating 
medication interruptions found that the most frequent cause of medi-
cation interruptions were nursing colleagues (Alteren et al., 2021; 
Schroers, 2018). Westbrook et al. (2010) also found that the 85 % of 
medication episodes that were interrupted during their observations, 
resulted in either clinical or procedural errors. Some interruptions are 
unavoidable, necessary and occur for patient safety reasons, for 
example, important communication about a patient or alerting to a risk. 
In view of this, it is important that interventions to reduce interruptions 
can distinguish between those that are avoidable and those that are 
necessary. 

There are currently no standardised guidelines or interventions to 
reduce medication interruptions (Tomietto et al., 2012). However, the 
main intervention for tackling this problem in the last decade has been 
“Do Not Disturb Vests” or “No Interruptions Zone”. These interventions 
have been adapted from the sterile cockpit areas from the aviation in-
dustry. However, there is weak evidence to support the effectiveness of 
these types of interventions (Hall et al., 2010). A recent multicenter 
cluster randomised controlled trial in France, found that a ‘do not 
interrupt’ vest intervention had no impact on administration errors or 
interruptions (Berdot et al., 2021). Hayes et al. (2014) suggests that 
these interventions deny the complexity of the healthcare environment, 
the medication task, and the nurse-patient interaction. Furthermore, 
another study found, registered nurses characterised the vests as un-
comfortable and time consuming, and only 48 % supported the vests 
becoming hospital policy (Westbrook et al., 2017). A previous literature 
search into interventions to reduce medication interruptions was con-
ducted by Raban and Westbrook in 2013. They found ten research pa-
pers eligible to include in their review. Employed interventions included 
signage, quiet zones, checklists and more. All interventions had a poor 
impact on reducing the rate of medication interruptions and there was 
weak evidence for their effectiveness and no study employed targeted 
education interventions. Other research has suggested that interventions 
should focus on addressing the culture of the organisation towards 
managing interruptions (Machen et al., 2019). In recent years there has 
been a shift from tackling the phenomenon of interruptions directly 
towards educational interventions that teach staff to employ techniques 

to manage these situations better, with a focus on non-technical skills of 
situational awareness, task management and coping with stress. 

The aim of this scoping review is to identify and evaluate published 
literature describing employed educational interventions to reduce 
medication interruptions and improve medication safety. 

2. Method 

A scoping review was conducted to answer the research question; 
‘Are educational interventions that are employed to overcome problems 
associated with medication interruptions, effective?’. The aim was to 
examine the extent, range and nature of research activity into medica-
tion interruptions as suggested by Arskey and O'Malley (2005). A 
scoping review was more appropriate than a systematic review, as the 
area under investigation is broad and no specific study design was 
required to answer the question. Furthermore, as this is part of a larger 
study, the limited time also made it more appropriate to conduct a 
scoping review, as stated by Arskey and O'Malley (2005). 

Six databases were searched in November 2020, including PubMed, 
Embase, Cochrane Library, CINAHL, PyschInfo and Medline. Manual 
searches of reference lists and grey literature were also conducted. The 
inclusion criteria were created to be able to answer the research ques-
tion. Articles were included if they were written in English and pub-
lished between 2010 and 2020. The articles met the inclusion criteria if 
they employed an education intervention (including bundled in-
terventions) aimed at reducing medication interruptions. Exclusion 
criteria included: review articles, research that did not specifically focus 
on medication interruptions. Research focused on medication errors 
rather than managing or overcoming medication interruptions. Studies 
were also excluded if they were not written in English or if the full text 
was not available. The decision was made to include other healthcare 
professionals that have similar roles to nurses in the medication process. 
This included healthcare workers and student nurses, as they often 
participate in the medication process with nurses, in the same envi-
ronment. They are therefore exposed to the same interruptions and often 
contribute to these interruptions. Education interventions needs for 
these healthcare professionals will be the same as for nurses. 

Databases were searched using individual keywords identified from 
background literature and using the OR/AND function to combine 
keywords such as “medication interruptions” AND “Education” AND 
“Interventions”. A combination of medical subject headings (MeSH) and 
free text keywords were used alongside keywords identified from other 
published articles during the initial search (Table 1). The keywords were 
tested in different combinations before the final strategy was identified 
for the search. The subject headings were exploded to included narrower 
related terms, which were added to the search as ‘free text’. Data from 
each article was independently reviewed and extracted into a data 
extraction table. Descriptive characteristics were collated in a table by 
the main author, which was reviewed by the co-author. Assessment of 
risks of bias was undertaken for non-randomised intervention studies 
using the ROBINS-I tool (Sterne et al., 2016) and the RoB 2 tool for 
randomised trials (Sterne et al., 2019). Thematic analysis was completed 
to identify key themes by the main author, which was presented to the 
co-author for review. The PRISMA extension for scoping reviews was 
followed during this scoping review (Tricco et al., 2018). 

Table 1 
Keywords used in the literature search.  

Medication Interruption Education Intervention 

Medicines Interruptiona Training Programme 
Drug  Teaching Programmea  

E-learninga  

Online learning  

a ‘Free text’ headings (non-medical subject headings). 

S. Owen et al.                                                                                                                                                                                                                                    
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3. Results 

A total of 1144 articles were identified from the initial search. Du-
plicates were removed and articles were then screened by title, abstract 
and full text to ensure eligibility (Fig. 1). This resulted in eight articles 
meeting the inclusion criteria. Key information from the eight articles 
was captured in order to examine each of the interventions and the re-
ported impact of these (Table 2). 

3.1. Study demographics 

The eight articles were published during a 9-year period of 
2010–2019, and in a range of countries including; Australia (n = 3), Italy 
(n = 2), Switzerland (n = 1), Egypt (n = 1) and Ireland (n = 1). 

Most of the research was conducted in general hospitals, with two 
studies set in a paediatric hospital and one within a university. The 
studies were mainly conducted in medical wards (n = 4), surgical wards 
(n = 2), and medical-surgical wards (n = 2). Most of the participants 
included were female nurses and the level of nursing experience ranged 
from less than 6 months to 20 years. Sample sizes for the studies ranged 
from 14 participants to 536 participants. 

Half of the studies identified used a combined intervention (n = 4), 
whilst the others focused exclusively on implementing an education 
intervention (n = 4). Those that used a combined intervention employed 
strategies such as no interruption zones, sashes, signs on the wards and 
red aprons. Most of the studies evaluated the effectiveness of the inter-
vention using a pre and post intervention observational design (n = 6), 
with two studies using reflection and focus groups post-intervention. 
Only one study used a randomised controlled trial design (Johnson 
et al., 2019). Various strategies were adopted to implement the 

education interventions, including lectures/group sessions (n = 4), role 
play and simulation (n = 2) and e-learning modules (n = 2). One study 
used a combination of both group sessions and simulation/role play. 
Two of the studies did not provide a working definition for interruptions 
(Hayes et al., 2017; Johnson et al., 2018) six studies provided a defini-
tion, although these were all similar, there were subtle differences be-
tween each, for example whether interruptions are purely caused by 
external factors or both external and internal factors. Despite the fact 
that research has been conducted in this field for many years, there re-
mains a lack of a standardised definition of interruption. The implica-
tions for evaluating the effectiveness of interventions. 

Six of the studies used a pre and post intervention design. The other 
two studies used focus groups and reflection to determine the effec-
tiveness of the interventions. All of the studies collected their data 
within 6 months of the intervention being implemented, the majority 
collected data between 1 and 3 months. 

All of the non-randomised intervention studies scored a moderate or 
serious risk of bias using the ROBINS-I tool (Table 3) (n = 7). The ma-
jority of the bias is due to the lack of controlled interventions resulting in 
bias due to confounding factors. There was also often little information 
regarding participant selection, meaning it was difficult to identify if 
processes were biased. On the other hand, the majority of the rando-
mised controlled trial conducted by Johnson et al. (2019), was deemed 
low risk. The final result scoring ‘some concern’ due to a lack of infor-
mation about participant attrition rates and missing outcome data 
(Table 4). 

3.2. Intervention themes 

Several themes of interventions were identified including general 

Fig. 1. Screening the literature for educational Interventions to reduce medication interruptions.  
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Table 2 
Descriptive characteristics of studies included.  

Authors, year 
(country) 

Aim Sample Setting Design Intervention Outcomes measure Key findings 

Mortaro et al., 
2019 
(Italy) 

To explore main reasons for 
interruptions on a geriatric 
ward in an Italian 
secondary hospital and test 
the effectiveness of a 
combined interruption. 

24 nurses geriatric ward 
(n = 1) 

Pre and post 
observation 
study 
Qualitative and 
Quantitative 

Combined 
intervention: 
Education 
Intervention (n 
= 3) 
Other 
Intervention (n 
= 3) 

Number of 
interruptions 
Reason for 
interruptions 
Duration of 
interruptions 
Interruption 
management 

Number of 
interruptions 
significantly improved 
Time wasted on 
interruptions 
significantly reduced. 

Johnson et al., 
2019 
(Australia) 

To conduct a feasibility 
cluster randomised 
controlled trial of an 
educational intervention 
that taught behavioural 
strategies to nurses 

68 nurses Medical- 
surgical wards 
(n = 8) from 4 
hospitals 

Parallel cluster 
randomised 
controlled trial 
Pre and post 
observations 
Qualitative and 
Quantitative 

E-learning 
module 

Number of 
Interruptions 
Observed clinical 
errors/procedural 
failures 
Distribution and 
frequency of nurse- 
initiated behavioural 
management strategies 

Reduced multi-tasking 
and increased 
engaging strategies 
No statistical 
differences in number 
of interruptions and 
clinical error/ 
procedural failures 

Johnson et al., 
2018 
(Australia) 

To describe and evaluate 
the perceptions of nurses of 
an authentic e-learning 
module that demonstrates 
behavioural management 
strategies for interruptions 

9 healthcare 
workers 
9 nurses 

Palliative ward 
(n = 1) 
Acute ward (n 
= 1) 

Focus Groups 
Qualitative 

E-learning 
module 

Framework guided 
thematic analysis 
E.g. questions about the 
education programme 
and if it changed their 
behaviours 

Many needed 
prompting to 
remember the 
programme 
Felt it was definitely 
important and should 
be viewed by other 
staff 
Felt the content made 
sense and was 
effective 

Dall'Oglio et al., 
2017 
(Italy) 

To assess the effectiveness 
of an improvement 
programme to reduce 
interruptions during 
medication preparation 
and administration in a 
paediatric hospital 

486 
medication 
cycles were 
observed 
Number of 
participants 
was not stated 

Medical 
surgical wards 
(n = 2) cardiac 
wards 
NICU wards (n 
= 2) medical 
wards (n = 3) 

Quasi 
experimental 
study 
Pre and post 
observations 
Qualitative and 
Quantitative 

Combined 
Interventions: 
Education 
Interventions 
(n = 2) 
Other 
Interventions 
(n = 3) 

Frequency of 
interruptions 
Cause of interruptions 
Medication 
Administration 
Distraction 
Observation Sheet 
(MADOS)-adapted for 
Paediatrics 
Debriefing session after 
the intervention 

Length of medication 
cycles significantly 
decreased after 
intervention 
Significant decrease in 
interruptions post- 
intervention 

Huckels- 
Baumgart 
et al., 2017 
(Switzerland) 

To evaluate the impact of 
staff training and safety 
vests on interruptions 
during medication 
preparation and double 
checking 

26 nurses medical ward 
(n = 1) 

Pre and post 
observation 
study 
Quantitative 

Combined 
Interventions: 
Education 
Intervention (n 
= 1) 
Other 
Intervention (n 
= 2) 

Frequency of 
interruptions 
Cause of interruptions 
Duration of 
interruptions 
Medication 
Administration 
Distraction 
Observation Sheet 
(MADOS) 

Decreased 
interruptions by 23 % 
After combined 
intervention time 
taken for medication 
preparation and 
double checking 
reduced by 52 % 

Hayes et al., 
2017 
(Australia) 

To describe undergraduate 
student nurse responses to 
a simulated role-play 
experience focussing on 
managing interruptions 
during medication 
administration 

528 2nd year 
nursing 
students 
8 academic 
teaching staff 

2 campuses 
within a large 
Australian 
University 

Thematic 
analysis of 
reflective 
responses 
Qualitative 

Simulation 
role-play 

Structured reflective 
responses 

Learning experience 
improved their 
confidence, taught 
them how to prioritise 
and plan care and time 
management 
Improved awareness 
of management 
strategies. 

Zakiria & 
Mohamed, 
2017 
(Egypt) 

To assess the effectiveness 
of interventions to limit 
errors and interruptions 
during medication 
administration in medical 
and surgical units 

48 nurses General 
medical wards 
(n = 2) 
Surgical wards 
(n = 2) 

Quasi- 
experimental 
study 
Questionnaires 
Pre and post 
observations 
Quantitative 

Education 
programme 

Postintervention test to 
assess nurses' 
knowledge 
Frequency of errors 
Frequency of 
interruptions 
Cause of interruptions 

Statistically significant 
improvement on 
knowledge of 
interruptions and 
medication safety 
Statistically significant 
decrease in errors and 
interruptions post 
intervention 

Relihan et al., 
2010 

To assess the impact of a set 
of interventions in reducing 
the interruption/ 
distraction rate during 
medication administration 

31 nurses Acute Medical 
Admissions 
Unit (AMAU) 
(n = 1) 

Pre and post 
intervention 
observational 
study 
Quantitative 

Combined 
interventions: 
Education 
Interventions 
(n = 2) 
Other 

Frequency of 
interruptions/ 
distractions 
Sources of 
interruptions/ 
distractions 

Interruption/ 
distraction rate 
significantly 
decreased post 
intervention 
Substantial 

(continued on next page) 
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medicine safety, education for other staff, patient and visitors, role play 
and simulation, behaviour management strategies and generic tech-
niques. General medicine safety was highlighted to staff in several 
studies (Mortaro et al., 2019, Dall'Oglio et al., 2017, Huckels-Baumgart 
et al., 2017, Hayes et al., 2017, Zakiria & Mohamed, 2017). Some studies 
used the education intervention to discuss medication safety and to 
reiterate the importance and discuss the five rights of medication 
administration (right patient, right drug, right dose, right route and right 
time). Education about general medication safety was always imple-
mented in conjunction with other areas of education. Many studies 
utilised previous study findings to demonstrate to staff, or students, the 
epidemiology of interruptions (Huckels-Baumgart et al., 2017; Johnson 
et al., 2018; Johnson et al., 2019; Zakiria & Mohamed, 2017). Data on 
the frequency, types and causes of interruptions were portrayed to staff 
to highlight the severity of the problem. Strategies to reduce in-
terruptions were also common in many of the education interventions. 
Different strategies were identified in all eight of the studies. Some 
studies focused on behavioural management strategies, employing 
techniques such as engaging, multi-tasking, mediating and blocking 
(Johnson et al., 2018; Johnson et al., 2019). Whilst others adopted more 
generic techniques such as ensuring the medication trolley was fully 
stocked (Mortaro et al., 2019; Relihan et al., 2010), alerting colleagues 
that you are conducting the medicines administration round so others 
can be on hand to answer phones and patient/staff queries (Dall'Oglio 
et al., 2017, Relihan et al., 2010). Some studies also included education 
for other staff, patients and visitors (Dall'Oglio et al., 2017; Mortaro 
et al., 2019; Relihan et al., 2010; Zakiria & Mohamed, 2017). One study 
utilised role play to help undergraduate students appreciate the negative 
impact of interruptions and learn how to navigate them successfully 
(Hayes et al., 2017). Students were given case studies to prepare, for 
which they had to administer medication or cause interruptions 
dependent on the role they were playing. They would also have a stu-
dent in the observer role to identify interruption management strategies 
utilised. They then facilitated reflection to help the students identify 

both good and bad practices. 

3.3. Study outcomes 

3.3.1. Number of interruptions 
Most of the studies found a significant improvement in the number of 

interruptions post-intervention (n = 5) (Dall'Oglio et al., 2017; Huckels- 
Baumgart et al., 2017; Mortaro et al., 2019; Relihan et al., 2010; Zakiria 
& Mohamed, 2017). However, one of the larger studies with an exclusive 
education intervention did not find a significant difference between the 
control and intervention group, and the control group's baseline and 
follow up data (Johnson et al., 2019). However, they did find that more 
nurses engaged with the intervention at follow up and fewer attempted 
to multi-task. The intervention was an e-learning module and nurses 
reported finding it difficult to have the time to complete all the learning. 
During the focus group session, it also became apparent that the nurses 
struggled to recall the e-learning programme. This could explain the 
contrasting finding for this study with the lack of improvement post- 
intervention. However, the nurses also commented on the importance 
of the e-learning programme during the focus groups (Johnson et al., 
2018; Johnson et al., 2019). They stated that the content made sense and 
was effective. They also felt that other healthcare staff should view it. 
The only change they wanted to make to the programme was to add 
consequences of medication interruptions, for example, show medica-
tion errors caused by interruptions. 

3.3.2. Duration of interruptions 
Many studies not only reported on the number of interruptions post- 

intervention, but also looked at the duration of the interruptions post- 
intervention (Dall'Oglio et al., 2017; Huckels-Baumgart et al., 2017; 
Mortaro et al., 2019; Zakiria & Mohamed, 2017). Significant reductions 
were found in the studies that looked at the duration of interruptions, 
and these were also perceived by the participants. 

Table 2 (continued ) 

Authors, year 
(country) 

Aim Sample Setting Design Intervention Outcomes measure Key findings 

Interventions 
(n = 3) 

Medication 
Administration 
Distraction 
Observation Sheet 
(MADOS) 

behavioural changes 
were observed in staff, 
patients and visitors 
post-intervention  

Table 3 
Risk assessment of bias for the non-randomised interventional studies using the ROBINS-I tool.  

Author, year Pre-intervention At intervention Post-intervention 

Bias due to 
confounding 

Bias in selection of 
participants into 
the study 

Bias in 
classification of 
interventions 

Bias due to 
deviations from 
intended 
interventions 

Bias due to 
missing data 

Bias in 
measurement of 
outcomes 

Bias in 
selection of the 
reported result 

Risk of bias 
judgment 

Mortaro et al., 
2019 

Low No information Moderate No information No 
information 

Moderate Low Moderate 

Johnson et al., 
2018 

Low No information Low Low Low Moderate Low Moderate 

Dall'Oglio 
et al., 2017 

Serious Low Low Low No 
information 

Low Low Serious 

Huckels- 
Baumgart 
et al., 2017 

Serious No information Low No information No 
information 

Low Low Serious 

Hayes et al., 
2017 

Low Low Low Serious Low Low Low Serious 

Zakiria & 
Mohamed, 
2017 

Low No information Moderate Low Low Low Low Moderate 

Relihan et al., 
2010 

Serious No information Low Low Serious Low Low Serious  

S. Owen et al.                                                                                                                                                                                                                                    
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3.4. Other changes 

Two of the studies observed changes in the nurses' behaviour 
(Johnson et al., 2019; Relihan et al., 2010). One study observed 
behavioural changes in all groups; nurses, other healthcare staff, pa-
tients and visitors (Relihan et al., 2010). However, it was unclear 
whether this change was due to the education intervention or other 
interventions. For example, one of the changes described was visitors 
walking towards the medication trolley to interrupt the nurse, but then 
being discouraged away by signs and posters. One study worked with 
the nurses to create the interventions, which they found resulted in a 
greater uptake of the intervention (Zakiria & Mohamed, 2017). A study 
that employed role play and simulations with students, found that after 
the intervention students demonstrated an understanding of how 
medication interruptions affect clinical decision making (Hayes et al., 
2017). The simulation improved their confidence and increased their 
ability in time management and prioritising and planning their care. The 
students reported that for the role play to be effective and successful, the 
students need to feel they are in a safe and supported environment 
where they are able to make mistakes freely. Several studies reported 
that nurses were the most common cause of interruptions (Dall'Oglio 
et al., 2017; Huckels-Baumgart et al., 2017; Johnson et al., 2018; Reli-
han et al., 2010). This is similar to previous research into medication 
interruptions colleagues (Biron et al., 2009; Johnson et al., 2017), 
however, the staff still reported surprise that nursing colleagues created 
the most interruptions. 

4. Implications for research 

Colligan and Bass (2012) stated that an education and a cultural 
change are needed with a specific focus on nurses, as nurses showed a 
willingness to engage in interruptions, and Westbrook et al. (2010) also 
highlighted the importance of using simulations within education in-
terventions. Raban and Westbrook (2014) state that the lack of studies 
that implement a control group makes it difficult to assess whether any 
other factors affected the change in interruptions seen. During their 
literature review Raban and Westbrook (2014) criticised the lack of 
randomised controlled trials and stated for research to provide evidence 

Table 4 
Risk assessment of bias for the randomised trials using the RoB 2 tool.  

Domain 1a: Risk of bias arising from the randomization process 

Signalling questions Lower risk 
of bias 

Higher risk 
of bias 

Other 

1.1 Was the allocation sequence random? Y   
1.2 Was the allocation sequence 

concealed until participants were 
enrolled and assigned to interventions? 

PY   

1.3 Did baseline differences between 
intervention groups at the start of the 
first period suggest a problem with the 
randomization process? 

PN   

Risk-of-bias judgment (low/high/some 
concerns) 

Low    

Bias due to deviations from intended interventions 
2.1 Were participants aware of their 

assigned intervention during the trial?  
Y  

2.2 Were carers and people delivering the 
interventions aware of participants' 
assigned intervention during the trial?  

Y  

2.3 If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended 
intervention that arose because of the 
trial context? 

PN   

2.4 If Y/PY/NI to 2.3: Were these 
deviations likely to have affected the 
outcome?    

2.5 If Y/PY to 2.4: Were these deviations 
from intended intervention balanced 
between groups?    

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to 
intervention? 

Y   

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) 
of the failure to analyse participants in 
the group to which they were 
randomised?    

Risk-of-bias judgment (low/high/some 
concerns) 

Low    

Bias due to missing outcome data 
3.1 Were data for this outcome available 

for all, or nearly all, participants 
randomised?   

NI 

3.2 If N/PN/NI to 3.1: Is there evidence 
that the result was not biased by 
missing outcome data? 

PY   

3.3 If N/PN to 3.2: Could missingness in 
the outcome depend on its true value?   

NI 

3.4 If Y/PY/NI to 3.3: Is it likely that 
missingness in the outcome depended 
on its true value?   

NI 

Risk-of-bias judgment (low/high/some 
concerns)   

Some 
concern  

Bias in measurement of the outcome 
4.1 Was the method of measuring the 

outcome inappropriate? 
N   

4.2 Could measurement or ascertainment 
of the outcome have differed between 
intervention groups? 

N   

4.3 If N/PN/NI to 4.1 and 4.2: Were 
outcome assessors aware of the 
intervention received by study 
participants? 

PN   

4.4 If Y/PY/NI to 4.3: Could assessment 
of the outcome have been influenced by 
knowledge of intervention received?    

4.5 If Y/PY/NI to 4.4: Is it likely that 
assessment of the outcome was 
influenced by knowledge of 
intervention received?     

Table 4 (continued ) 

Domain 1a: Risk of bias arising from the randomization process 

Signalling questions Lower risk 
of bias 

Higher risk 
of bias 

Other 

Risk-of-bias judgment (low/high/some 
concerns) 

Low    

Bias in selection of the reported result 
5.1 Were the data that produced this 

result analysed in accordance with a 
prespecified analysis plan that was 
finalised before unblinded outcome 
data were available for analysis? 

PY    

Is the numerical result being assessed likely to have been selected, on the basis of the 
results, from: 

5.2 … multiple eligible outcome 
measurements (eg, scales, definitions, 
time points) within the outcome 
domain? 

N   

5.3 … multiple eligible analyses of the 
data? 

N   

Risk-of-bias judgment (low/high/some 
concerns) 

Low    

Overall bias 
Risk-of-bias judgment (low/high/some 

concerns)   
Some 
concern  
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of the effectiveness of the intervention, more studies with these designs 
need to be conducted. Considering this scoping review was completed 
nearly 10 years later, it highlights the lack of progress in this area and 
how imperative these designs are, to allow us to better understand and 
manage the complex relationship between medication and in-
terruptions. As the majority of the studies included in this scoping re-
view were feasibility studies and therefore had small sample sizes, more 
research needs to be conducted on a larger scale. Most of the studies did 
not control for bias, which brings the quality of the research conducted 
to date into question. Furthermore, most of the studies took place in 
general medical or surgical wards. More research needs to be conducted 
to assess the appropriateness of an educational intervention for medi-
cation interruptions in more specialised wards such as intensive care 
(Bower et al., 2018). 

Previous interventions have been heavily criticised for a lack of nurse 
buy in (Bower et al., 2015; Federwisch et al., 2014; Hayes et al., 2014). 
Previously, many nurses found the interventions added work, increased 
the time it took to complete the medication episodes and were not 
successful. Only two of the studies sought nurses' opinions and experi-
ences after the implementation of the intervention. Therefore, we are 
unsure as to whether nurses are more accepting of educational in-
terventions than those previously implemented such as no interruption 
zones or safety vests. Furthermore, one study conducted previously, 
found that when the intervention decreased the number of interruptions, 
a reduction in communication and co-ordination was observed, which 
was essential for effective teamwork (Anthony et al., 2010). This em-
phasises the need to understand the implications of these interventions 
on both the number of interruptions but also the healthcare staff and 
workflow. The studies that used focus groups and reflection to allow 
nurses to evaluate the interventions, found that the nurses believed the 
education was important and would be useful for other members of staff 
(Hayes et al., 2017; Johnson et al., 2018). The simulation/role play was 
found to increase nurses' confidence and taught them how to prioritise 
and plan patient care (Hayes et al., 2017). Nurses found it difficult to 
have the time to complete the e-learning module, and the study did not 
investigate whether participants completed the whole of the online 
module (Johnson et al., 2018; Johnson et al., 2019). The largest study 
that solely employed an education intervention did not find a significant 
difference in interruptions which could potentially cast doubt as to 
whether employing exclusive education interventions is the way to go. 
However, this was the study that implemented the e-learning module 
and as stated, although they had positive qualitative data from their 
research, the engagement in the whole of the programme was lacking. 
Future research could explore the effect if both role play and simulations 
were implemented simultaneously with an e-learning programme, to 
allow both the benefits of the easy to access and quick e-learning module 
with the increased confidence and management skills from the role play. 

None of the studies identified in this scoping review, attempted to 
identify the long-term effects of the interventions. The majority of the 
studies identified the Hawthorne effect as a limitation to their research, 
which has also been identified as a limitation in previous research 
(Prakash et al., 2014). With the limited time between the implementa-
tion of the intervention and the post-intervention observations, it in-
creases the likelihood of the Hawthorne effect impacting the 
participants' behaviour. Furthermore, considering we are unsure on the 
nurses' level of acceptance of the intervention, it is difficult to determine 
whether the improvement seen is due to the Hawthorne effect or 
whether the intervention has triggered a culture change towards in-
terruptions. Similarly, other studies found that participants struggled to 
recall aspects of the intervention, potentially meaning that there is a 
‘ceiling effect’ to the effectiveness of interventions (Prakash et al., 
2014). More longitudinal research is needed to explore whether the 
initial improvements observed in most studies were sustained over time. 

A question raised from this review, is whether researchers were using 
the correct outcome measures to evaluate the educational interventions. 
The study that exclusively focused on an education intervention did not 

find a significant difference in reduction of interruptions between 
baseline and follow up, and control and the intervention groups. How-
ever, the education was aimed at teaching nurses how to effectively 
manage interruptions, and not to stop interruptions altogether. They did 
find more nurses used the engaging strategy at follow up more than the 
multi-tasking strategy. There is a question over whether the aim of the 
interventions is to eliminate all interruptions, despite being aware that 
some interruptions are needed, or whether it is to eliminate the risk that 
is associated with engaging in interruptions during medication admin-
istration. If the latter, duration of interruptions or management strate-
gies may be a more effective outcome measure to evaluate the impact of 
the interventions. 

5. Conclusion 

The scoping review conducted, found a limited number of studies 
looking at educational interventions for medication interruptions. The 
majority of the studies lacked independent interventions and quality. 
Robust research designs should be employed to provide significant ev-
idence of the effectiveness of interventions. More longitudinal studies 
are needed to see if any impact is sustained over time. Research in the 
future should examine whether ‘number of interruptions’ is the right 
outcome measure, or whether other measures such as duration of 
interruption and interruption management behaviour used, would be 
more insightful. Research identifies that interruptions are necessary, and 
further research exploring nurses' experience and acceptance of the 
learning and impact on their work should be conducted to identify any 
unintended effects that could impact on communication and coordina-
tion of care, which can ultimately impact on patient safety. 

CRediT authorship contribution statement 

Samantha Owen: Conceptualization, Methodology, Validation, 
Formal analysis, Writing – original draft, Visualization. Julie Menzies: 
Writing – review & editing. Sarah Pontefract: Conceptualization, 
Methodology, Validation, Supervision, Writing – review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

Alteren, J., Hermstad, M., Nerdal, L., Jordan, S., 2021. Working in a minefield; nurses' 
strategies for handling medicine administration interruptions in hospitals,-a 
qualtiative interview study. BMC Health Serv. Res. 21, 1–10. 

Anthony, K., Wiencek, C., Bauer, C., Daly, B., Anthony, M.K., 2010. No interruptions 
please: impact of a no interruption zone on medication safety in intensive care units. 
Crit. Care Nurse 30, 21–29. 

Arskey, Hilary, O’Malley, Lisa, 2005. Scoping studies: towards a methodological 
framework. Int. J. Soc. Res. Methodol. 8 (1), 19–32. 

Berdot, S., Vilfaillot, A., Bezie, Y., Perrin, G., Berge, M., Corny, J., Thi, T.T.P., 
Depoisson, M., Guihaire, C., Valin, N., 2021. Effectiveness of a ‘do not interrupt’ vest 
intervention to reduce medication errors during medication administration: a 
multicenter cluster randomized controlled trial. BMC Nurs. 20, 1–11. 

Biron, A.D., Lavoie-Tremblay, M., Loiselle, C.G., 2009. Characteristics of work 
interruptions during medication administration. J. Nurs. Scholarsh. 41, 330–336. 

Bower, R., Jackson, C., Manning, J.C., 2015. Interruptions and medication 
administration in critical care. Nurs. Crit. Care 20, 183–195. 

Bower, R.A., Coad, J.E., Manning, J.C., Pengelly, T.A., 2018. A qualitative, exploratory 
study of nurses' decision-making when interrupted during medication administration 
within the paediatric intensive care unit. Intensive Crit. Care Nurs. 44, 11–17. 

Cole, G., Stefanus, D., Gardner, H., Levy, M.J., Klein, E.Y., 2016. The impact of 
interruptions on the duration of nursing interventions: a direct observation study in 
an academic emergency department. BMJ Qual. Saf. 25, 457–465. 

Colligan, L., Bass, E.J., 2012. Interruption handling strategies during paediatric 
medication administration. BMJ Qual. Saf. 21, 912–917. 

Dall'Oglio, I., Fiori, M., Di Ciommo, V., Tiozzo, E., Mascolo, R., Bianchi, N., Degli Atti, M. 
L.C., Ferracci, A., Gawronski, O., Pomponi, M., 2017. Effectiveness of an 
improvement programme to prevent interruptions during medication administration 

S. Owen et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148331262
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148331262
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148331262
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153188846
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153188846
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153188846
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf1000
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf1000
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148338332
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148338332
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148338332
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148338332
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148419422
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012148419422
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153397935
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153397935
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153302885
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153302885
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153302885
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153489205
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153489205
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153489205
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153592995
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012153592995
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012149526598
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012149526598
http://refhub.elsevier.com/S0260-6917(22)00401-4/rf202212012149526598


Nurse Education Today 121 (2023) 105665

8

in a paediatric hospital: a preintervention–postintervention study. BMJ Open 7, 
e013285. 

Davidson, K.M., Morgan, P., Ferreira, C., Thomas, C.M., Nowell, L., 2022. Adapting a 
distraction and interruption simulation for safe medication preparation: an 
international collaboration. Clin. Simul. Nurs. 65, 45–48. 

Dickinson, C.J., Wagner, D.S., Shaw, B.E., Owens, T.A., Pasko, D., Niedner, M.F., 2012. 
A systematic approach to improving medication safety in a pediatric intensive care 
unit. Crit. Care Nurs. Q. 35 (1), 15–26. 

Donaldson, L.J., Kelley, E.T., Dhingra-Kumar, N., Kieny, M.-P., Sheikh, A., 2017. 
Medication without harm: WHO's third global patient safety challenge. Lancet 389, 
1680–1681. 

Eid, T., Machud, S., Eid, R., 2022. Interruptions during medication work in a Saudi 
Arabian hospital: an observational and interview study of nurses. J. Nurs. Scholarsh. 
00, 1–9. 

Elliott, R., Camacho, E., Campbell, F., Jankovic, D., St. James, M.M., Kaltenthaler, E., 
Wong, R., Sculpher, M., Faria, R., 2018. Prevalence and economic burden of 
medication errors in the NHS in England. Rapid evidence synthesis and economic 
analysis of the prevalence and burden of medication error in the UK. Policy Research 
Unit in economic evaluation of health and care interventions. Available online:. 
Universities of Sheffield and York http://www.eepru.org.uk/prevalence-and 
-economic-burden-ofmedication-errors-in-the-nhs-in-england-2/. 

Federwisch, M., Ramos, H., Shonte'c, A., 2014. The sterile cockpit: an effective approach 
to reducing medication errors? Am. J. Nurs. 114, 47–55. 

Hall, L.M., Pedersen, C., Hubley, P., Ptack, E., Hemingway, A., Watson, C., Keatings, M., 
2010. Interruptions and pediatric patient safety. J. Pediatr. Nurs. 25, 167–175. 

Hayes, C., Jackson, D., Davidson, P.M., Daly, J., Power, T., 2017. Calm to chaos: 
engaging undergraduate nursing students with the complex nature of interruptions 
during medication administration. J. Clin. Nurs. 26, 4839–4847. 

Hayes, C., Power, T., Davidson, P.M., Daly, J., Jackson, D., 2015. Nurse interrupted: 
development of a realistic medication administration simulation for undergraduate 
nurses. Nurse Educ. Today 35, 981–986. 

Hayes, C., Power, T., Davidson, P.M., Jackson, D., 2014. Interruptions and medication: is 
‘do not disturb’ the answer? Contemp. Nurse 47 (1–2), 3–6. 

Huckels-Baumgart, S., Niederberger, M., Manser, T., Meier, C.R., Meyer-Massetti, C., 
2017. A combined intervention to reduce interruptions during medication 
preparation and double-checking: a pilot-study evaluating the impact of staff 
training and safety vests. J. Nurs. Manag. 25, 539–548. 

Johnson, M., Langdon, R., Levertt-Jones, T., Weidemann, G., Manias, E., Everett, B., 
2019. A cluster randomised controlled feasibility study of nurse-initiated 
behavioural strategies to manage interruptions during medication administration. 
Int. J. Qual. Health Care 31, G67–G73. 

Johnson, M., Levett-Jones, T., Langdon, R., Weidemann, G., Manias, E., Everett, B., 2018. 
A qualitative study of nurses' perceptions of a behavioural strategies e-learning 
program to reduce interruptions during medication administration. Nurse Educ. 
Today 69, 41–47. 

Johnson, M., Sanchez, P., Langdon, R., Manias, E., Levett-Jones, T., Weidemann, G., 
Aguilar, V., Everett, B., 2017. The impact of interruptions on medication errors in 
hospitals: an observational study of nurses. J. Nurs. Manag. 25, 498–507. 

Kalisch, B.J., Aebersold, M., 2010. Interruptions and multitasking in nursing care. Jt. 
Comm. J. Qual. Patient Saf. 36, 126–132. 

Kwon, Y.E., Kim, M., Choi, S., 2021. Degree of interruptions experienced by emergency 
department nurses and interruption related factors. Int. Emerg. Nurs. 58, 101036. 

Machen, S., Jani, Y., Turner, S., Marshall, M., Fulop, N.J., 2019. The role of 
organizational and professional cultures in medication safety: a scoping review of 
the literature. Int. J. Qual. Health Care 31, G146–G157. 

Mortaro, A., Pascu, D., Pancheri, S., Mazzi, M., Tardivo, S., Bellamoli, C., Ferrarese, F., 
Poli, A., Romano, G., Moretti, F., 2019. Reducing interruptions during medication 
preparation and administration: an improvement project. Int. J. Health Care Qual. 
Assur. 32 (6), 941–957. 

Myers, R.A., Parikh, P.J., 2019. Nurses' work with interruptions: an objective model for 
testing interventions. Health Care Manag. Sci. 22, 1–15. 

Prakash, V., Koczmara, C., Savage, P., Trip, K., Stewart, J., McCurdie, T., Cafazzo, J.A., 
Trbovich, P., 2014. Mitigating errors caused by interruptions during medication 
verification and administration: interventions in a simulated ambulatory 
chemotherapy setting. BMJ Qual. Saf. 23, 884–892. 

Raban, M.Z., Westbrook, J.I., 2014. Are interventions to reduce interruptions and errors 
during medication administration effective?: a systematic review. BMJ Qual. Saf. 23, 
414–421. 

Relihan, E., O'Brien, V., O'Hara, S., Silke, B., 2010. The impact of a set of interventions to 
reduce interruptions and distractions to nurses during medication administration. 
Qual. Saf. Health Care 19 e52-e52.  

Santell, J.P., Hicks, R.W., McMeekin, J., Cousins, D.D., 2003. Medication errors: 
experience of the United States Pharmacopeia (USP) MEDMARX reporting system. 
J. Clin. Pharmacol. 43, 760–767. 

Schroers, G., 2018. Characteristics of interruptions during medication administration: an 
integrative review of direct observational studies. J. Clin. Nurs. 27, 3462–3471. 

Sterne, Jonathan A., Herman, Migual A., Reeves, Barnaby C., Savović, Jelena, 
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