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Abstract
Background: The use of a ‘do not interrupt’ vest during medication administration rounds is recommended but
there have been no controlled randomized studies to evaluate its impact on reducing administration errors. We
aimed to evaluate the impact of wearing such a vest on reducing such errors. The secondary objectives were to
evaluate the types and potential clinical impact of errors, the association between errors and several risk factors
(such as interruptions), and nurses’ experiences.
Methods: This was a multicenter, cluster, controlled, randomized study (March–July 2017) in 29 adult units (4
hospitals). Data were collected by direct observation by trained observers. All nurses from selected units were
informed. A ‘Do not interrupt’ vest was implemented in all units of the experimental group. A poster was placed at
the entrance of these units to inform patients and relatives. The main outcome was the administration error rate
(number of Opportunities for Error (OE), calculated as one or more errors divided by the Total Opportunities for
Error (TOE) and multiplied by 100).
Results: We enrolled 178 nurses and 1346 patients during 383 medication rounds in 14 units in the experimental
group and 15 units in the control group. During the intervention period, the administration error rates were 7.09%
(188 OE with at least one error/2653 TOE) for the experimental group and 6.23% (210 OE with at least one error/
3373 TOE) for the control group (p = 0.192). Identified risk factors (patient age, nurses’ experience, nurses’ workload,
unit exposition, and interruption) were not associated with the error rate. The main error type observed for both
groups was wrong dosage-form. Most errors had no clinical impact for the patient and the interruption rates were
15.04% for the experimental group and 20.75% for the control group.
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Conclusions: The intervention vest had no impact on medication administration error or interruption rates. Further
studies need to be performed taking into consideration the limitations of our study and other risk factors
associated with other interventions, such as nurse’s training and/or a barcode system.
Trial registration: The PERMIS study protocol (V2–1, 11/04/2017) was approved by institutional review boards and
ethics committees (CPP Ile de France number 2016-A00211–50, CNIL 21/03/2017, CCTIRS 11/04/2016). It is
registered at ClinicalTrials.gov (registration number: NCT03062852, date of first registration: 23/02/2017).
Keywords: Interruptions, Vest, Medication errors/nursing* (MeSH), Medication errors/prevention and control (MeSH),
Nursing staff, Hospital / organization & administration (MeSH), Safety management / organization & administration*
(MeSH)

Background
Medication errors can occur at any step in the medication process in hospitals (prescribing, dispensing, and
administration). Between 1999 and 2005, errors most
often originated during the administration phase of
medication use (33%) in the American MEDMARX selfreported database [1]. Administration error is defined as
a deviation from the prescriber’s medication order as
written on the patient’s chart [2] and concerns the nurse
administering the medication to the patient. Reported
administration error rates are approximately 10% using
the observation technique [3, 4], which has been found
to be the best available method for determining the
prevalence of administration errors.
Error-provoking conditions that influence administration errors include organizational factors (high
workload or the number of patients under the care of
the nurse), the nurse (inexperience of the nurse or inadequate training), patient factors (polymedication),
and working environment (noisy, distractions, and interruptions [5–11]) [12, 13].
Several strategies to manage administration process
and reduce medication errors have been proposed, including personnel-level interventions (training, nursing
education, checklists, marked quiet zones, double checking, and vests) and organizational interventions (automated drug dispensing and barcode-assisted medication
administration) [14, 15], with a limited impact [16–25].
In 2011, the French Health Authority recommended the
introduction of a ‘Do not interrupt’ vest during the preparation and administration round to assure the medication process [26]. However, no study has used a
controlled randomized multicenter design to evaluate
the impact of a vest to reduce medication errors and this
recommendation has not been followed in French
hospitals.
The main objective of this study was to evaluate the
impact of a ‘Do not interrupt’ vest on administration
error rates in four French hospitals using a randomized
controlled design. Secondary objectives were to evaluate
the impact of the vest on the types of errors, the

potential clinical impact of errors for patients, and the
interruption rates during the medication process. We
hypothesized was that the vest and a poster would reduce the administration error rates.

Methods
Study setting

The study was conducted in 29 in-patient units of four
French adult hospitals from February to July 2017: two
teaching hospitals (European Georges-Pompidou and
Paris Saint-Joseph) and two follow-up care and rehabilitation hospitals (Corentin Celton and Vaugirard).
The European Georges-Pompidou hospital includes
814 beds divided into 43 units and the Paris Saint-Joseph
Hospital, 643 beds divided into 28 units. The Corentin
Celton Hospital (501 beds, 15 units) and Vaugirard Hospital (320 beds, eight units) are part of the same hospital
group as the European Georges-Pompidou Hospital
(Paris West Hospitals Group) but have three separate locations. Ten units of each teaching hospital (4 medical
units, 4 surgical units, and 2 critical care units) and five
of each follow-up and rehabilitation hospital were included. Units were selected by the directorates for head
nurses and quality and were representative of each hospital’s activity.
Trial design

This was a multicenter, cluster, controlled, randomized
study conducted in French hospitals. In each center, sessions with clinical staff (nurses, doctors, and other
healthcare professionals) were organized before the beginning of observation to explain the aim of the study
and its design. The coordinating center was the European Georges-Pompidou hospital. The study was carried
out during three consecutive periods: 1) the preintervention period, before randomization, to take into account
any improvement in the nurses’ practices during the
interventional studies, notably in the control groups
[27], 2) the vest-wearing period to familiarize the nurses
in the experimental group, and 3) the intervention
period. For the experimental group, the vest-wearing
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rate (number of nurses wearing the vest during the
round divided by the number of nurses in the unit) was
evaluated after 2 weeks of familiarization by the head
nurses of the units; the intervention period began if the
rate was ≥75%. Otherwise, an additional familiarization
period of 1 week, including specific information about
the aim of the study, was applied.

the hygiene department, except in critical care, where
one vest was dedicated to each patient room. Additional
vests were provided to each unit to ensure their availability during administration rounds.
No vests were provided, nor posters exposed in the
unit for the control group. No information on the intervention was given.

Eligibility criteria

Procedure for data collection
Observation technique and training

All nurses from selected units were invited to participate. Nurses who refused to participate and those who
could have worked in several units during the study
were excluded to avoid contamination bias. Medication
administration during emergencies was also excluded
from the study.
Randomization and random drawing

Units were randomized at the end of the preintervention
period into either the experimental or control group
(standard of care) by the European Georges-Pompidou
Hospital Clinical Trial Unit. Randomization lists were
stratified by center and medical field (critical care, surgery, and medical field), with a 1:1 allocation, and created using the random selection function of Excel, such
that a similar number of units and fields were enrolled
in each group. The Additional file 1 shows the distribution of randomized units per hospital.
During an administration round, only one nurse was
observed. It was thus decided to divide the units into
two or four areas, corresponding to a single nurse in
charge of defined patients. Each day, the area was randomly drawn for observation by the Clinical Trial Unit,
independently of the observers and nurses, using the
random selection function of SAS® (SAS Institute, Cary,
NC, USA). Data were transmitted to the observers in
paper form.
Intervention

A ‘Do not interrupt’ vest was implemented in all units of
the experimental group. A poster was placed at the entrance of these units to inform patients and relatives. It
explained why nurses wore this vest and asked them not
to be interrupted during the medication process unless
they were urgently needed. The poster and vest were designed in accordance with the communication department of the hospital. The vest consisted of a blue
reflective safety jacket. A short sentence ‘Do not interrupt, I am preparing medication’ was written on the
back.
Nurses in the experimental group were encouraged to
wear the vest over their work clothes during all medication rounds, whether or not they were being observed.
Given the short period of the investigation, it was decided to provide one vest per nurse, in accordance with

Data were collected by direct non-disguised observation
[28]. The observer watched the selected nurses from
medication preparation to administration to the patient.
Observation was carried out by pharmacists (n = 6) and
members of the medication process group, including
head nurses (n = 13), head pharmacy technicians (n = 2),
and nursing managers (n = 2). All observers came from
the Paris West Hospitals Group. They received training
by senior pharmacists (SB, LL). The training was evaluated using a simulated scenario during one group session. The training inter-rater concordance of observers
was 96.16%.
Observation schedule

In each unit, a maximum of 10 rounds was planned during the intervention period following the random draw
of the area by the Clinical Trial Unit. Observations at
baseline were planned for each unit before the intervention to account for the natural improvement in the
nurses’ practices. Administration rounds were observed
during the morning (7 am–9 am), midday (11 am-1 pm),
or evening rounds (5 pm–7 pm). A maximum of four
midday rounds were observed during the intervention
period. Indeed, fewer medications are generally administered during the midday round than during the morning
and evening rounds. During a round, the administration
to all patients under the care of the nurse was observed
for a maximum of 10 patients.
Collected data

Observations were conducted using a paper-based structured observational tool. The following data were collected: characteristics of the nurse (age, sex, and years of
experience), nurse workload (number of patients under
the care of each nurse), time for the round, and whether
the vest was removed at the end of the round in the
intervention units (intervention period). Observers recorded information concerning the drug prepared and
administered: name, dose, dosage form, administration
route, preparation of injectable drugs (diluent, solvent,
speed of administration), number of interruptions and
their type, and whether the vest was worn in the experimental groups. During the two observational periods,
observers were followed during one round by one of the
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two senior pharmacists (SB, LL). In vivo inter-rater concordance between observers was 98.64%.
Outcome measures
Primary outcome measure

The main outcome was the administration error rate,
excluding wrong-time errors. Wrong-time errors were
not included because this type of error is difficult to observe and has relatively little impact on the patient.
Errors were detected by the identification of discordances between medication prescriptions and observed
data. The comparison was performed by senior pharmacists (SB and LL) blinded from the randomization arm.
All discordances were consensually evaluated with a
third pharmacist (BS).
An Opportunity for Error (OE) is defined as an ordered medication dose, administered or not, as well as
an unordered dose administered to a patient. The Total
Opportunities for Error (TOE) is the sum of all OE. The
administration error rate was then calculated as the
number of OE with one or more errors divided by the
TOE and multiplied by 100. The OE was the unit of
analysis.
Secondary outcome measures

Secondary outcomes were the types of error, rates and
types of interruption, and potential clinical impact of the
errors. The nurses’ experiences were also assessed.
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category scale: no clinical impact, serious or significant clinical impact, life-threatening impact [30].
 An interruption was defined as the halting of an
ongoing task to respond to an external stimulus
before completing the task. Interruptions were noted
for each OE. The interruption rate was calculated as
the number of OE with one or more interruptions
divided by the TOE and multiplied by 100.
Interruptions were classified into 12 types according
to Relihan et al. [18] by observers during the round:
nurse, doctor, hospital porter/paramedic, other
professional, relative, other patient, lack of material,
noise, phone, emergency for another patient, and
other source of interruption. We regrouped this
classification into three categories for the results:
paramedical professional (nurse, other professional,
hospital porter/paramedic), medical professional
(doctor), non-health professional (relative, other patient, lack of material, noise, phone, emergencies,
other). We excluded task interruption for emergencies initiated by health professionals and patients.
Nurses in the experimental group were invited to
complete a structured satisfaction survey developed by
Westbrook et al. [31]. The surveys evaluated participant
satisfaction and opinions concerning the observation, interruptions, and vest, adapted to each participant. The
response categories included five-point Likert scales and
yes/no questions.

 Medication errors were classified into the eight

Control of bias

categories of the American Society of Health-System
Pharmacists [29] by senior pharmacists (SB and LL):
omission error, unauthorized drug error (dose given
to the wrong patient, unordered drugs), wrong dose
error, wrong dosage-form error, wrong drugpreparation error (incorrect dilution or reconstitution, mixing drugs that are physically incompatible,
or inadequate product packaging), wrong administration technique error (doses administered via the
wrong route, different from the route prescribed, or
at the wrong rate of administration), deteriorated
drug error (use of expired drugs or improperly
stored drugs), and other medication error (including
any drug administration errors not fitting within the
predefined categories).
 The potential clinical impact of errors was
individually analyzed by a multidisciplinary
committee composed of two physicians (AK, PD),
two nursing staff members (CG, CD), and three
pharmacists (SB, LL, BS) blinded to the
randomization arm. All discordances were
consensually evaluated. The assessment of potential
clinical impact was performed using a three-

Several biases, such as selection bias, contamination bias,
and measurement bias, were considered when writing
the protocol. The selection bias was limited by random
drawing of the area for each observation round. Selection of the area was indeed independent of the observers
and predefined by the Clinical Trial Unit. The allocation
procedure ensured an equal number of experimental
units and control units at each type of hospital (teaching
hospital or follow-up care/rehabilitation hospital) to
minimize variation related to the type of hospital and
medical center. Contamination bias was likely prevented
by excluding nurses who could have worked in several
units during the study. The measurement bias associated
with the observation technique was limited by training
of the observers and evaluation of their concordance
during the study.
The risk of the Hawthorne effect due to use of the observation technique was limited by the multiplicity of
observations and continuity of the observers. As in all
interventional studies, there is also a potential bias inherent to implementation of an intervention. We limited
such an impact by using a controlled randomized study
design with two periods of data collection. Concerning
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statistical analysis, specific attention was given to compliance in wearing of the vest to ensure powered
intention-to-treat analyses. In the experimental group,
the familiarization and information sessions ensured adhesion of the nurse and physicians to wearing of the vest
and limited the spirit of mockery feared by nurses.

transposed to rounds, assuming that 30 units with observations of five patients/round with at least three medications/patient would generate 450 TOE per round. An
estimation of ten rounds per unit was expected to generate 4500 TOE.

Statistical analysis

Ethics

Analyses were performed according to the intention-totreat principle, using data updated on December 19,
2019. We compared the characteristics of hospitals and
patients in the four subgroups (corresponding to the
preintervention and intervention periods for each of the
two groups), as well as task interruption rates by using
the Chi-2 test or the Fisher exact test, as appropriate.
In our comparison of outcomes between the two
groups, we applied a cluster-specific method that took
dependence among patients, care unit, and nurse (clustering effect) into account [32], by using mixed logistic
regression models that contained study group (experimental group vs control), study period (preintervention
or intervention), and a term for the group-by-period
interaction. The fixed effects were the study period (preintervention or intervention), group (experimental or
control), and the interaction between period and group
and the random effects were the unit of care, the nurse,
and the patient. Odds ratios were determined with their
associated 95% confidence intervals and p-values.
The risk factors identified in the literature were studied in univariate analysis: patient (age, which could lead
to polymedication), nurse (experience), organizational
factors (number of patients under care during each
round, number of OE per administration round), and
working environment (unit configuration named “unit
exposition”, number of OE with at least one task interruption). For the unit configuration, an open area of the
unit was considered to be more exposed to interruption.
A descriptive analysis was performed for the potential
clinical impact of errors and the satisfaction survey.
Analyses were performed using the SAS (version 9.4,
SAS Institute, Cary, North Carolina) and R (version 4.0)
softwares. A p- value < 0.05 was considered significant.

The protocol was approved by institutional review
boards and ethics committees (CPP Ile-de-France
N°2016-A00211–50) and registered at ClinicalTrials.gov
(NCT03062852, date of first registration: 23/02/2017).
The study was also presented to the medical committee,
the patient commission, the commission for Health,
Safety and Working Conditions, and during nurse and
physician information sessions in the units. Head nurse
staff members collected the written consent of the
nurses. Nurses were informed that the study was a direct
observation study of medication administration and
preparation tasks to study the impact of a ‘Do not interrupt’ vest on administration errors and interruptions. All
participating nurses underwent a process of nonopposition and were made aware that participation was
strictly voluntary. Participants could withdraw from the
study at any time. If a nurse refused to be observed, another nurse who agreed to participate was followed.
All Data were analyzed anonymously. The Clinical
Trial Unit was responsible for overall monitoring of the
study to ensure quality and regulatory compliance.

Sample size and rational for the number of TOE

Error rate

The study was designed based on the hypothesis of a decrease in the administration error rate of 45% [33]. The
expected reduction was calculated to achieve an error
rate of 4.1%, based on a previous study with a basal administration error rate of 7.5% [34]. Considering a 5%
risk and 90% probability, 1979 TOE would be required.
However, 1.86 times as many TOE had to be included
due to a cluster effect, including intra-unit and intranurse correlations of 0.005 and 0.1, respectively [34],
corresponding to 3700 TOE [35]. These TOE were

In total, 2446 TOE were observed during the preintervention period. The administration error rates were
4.94% (61 OE with at least one error/1235 TOE) and
6.44% (78 OE with at least one error/1211 TOE) for the
experimental and control groups (Table 2).
During the intervention period (Table 2), 6026 TOE
were observed. The administration error rates were
7.09% (188 OE with at least one error/2653 TOE) and
6.23% (210 OE with at least one error/3373 TOE) for
the experimental and control groups (p = 0.355).

Results
Description

Among the 30 randomized units, one in the experimental group was excluded due to missing data for the intervention period and one nurse in the control group
refused to be observed. We enrolled 178 nurses and
1346 patients during 383 medication rounds and 8472
TOE (Fig. 1). The characteristics are presented in
Table 1. There were 23 trained observers. In the experimental group, the nurses largely wore the vest (90.09%,
2390 OE/2653 TOE) during the observations.
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Fig. 1 Study Flowchart

We did not found any risk factor associated with the
error rate by univariate analysis, when considering together the two groups and the two periods (Fig. 2).
Secondary outcomes

We observed several types of errors and interruptions
for the OE during the two periods. During the intervention period, there were 188 OE with at least one error in
the experimental group, resulting in 191 different errors,
and 210 OE with at least one error in the control group,

resulting in 213 different errors (Table 2). The main type
of error observed was the wrong dosage-form during the
intervention period for both groups, whereas it was the
wrong dose during the preintervention period.
Most of the errors had no clinical impact for the patient (68.1 and 80.3% of the errors in the experimental
and control groups, respectively) during the intervention
period. There were no life-threatening errors.
During the preintervention period, the interruption
rates were 13.4% (165 OE with at least one interruption/

Berdot et al. BMC Nursing

(2021) 20:153

Page 7 of 11

Table 1 Clinical characteristics for the preintervention and intervention periods, by study group
Experimental group
n = 14 units
Preintervention
period

Control group
n = 15 units
Intervention
period

Preintervention
period

Intervention
period

Patients (n)

251

405

239

451

Mean age (SD), y

72.62 (18.82)

69.91 (18.58)

70.68 (19.44)

72.99 (18.18)

Male, n (%)

121 (48.21)

204 (50.37)

126 (52.72)

205 (45.45)

Nurses (n)

31

57

33

57

Mean age (SD), y

36.33 (10.12)

32.26 (9.86)

34.64 (9.88)

32.09 (9.78)

Male, n (%)

3 (9.68)

6 (10.53)

3 (9.09)

12 (21.05)

Mean experience (SD), y

8.96 (8.53)

6.51 (7.07)

6.53 (5.82)

7.40 (8.01)

Mean number of patients per administration round
(SD)

9.68 (3.96)

8.40 (3.19)

13.13 (9.34)

11.10 (8.59)

Total number of OEa per administration round (n) 1235

2653

1211

3373

Morning round, n (%)

582 (47.13)

1456 (54.88)

532 (43.93)

1963 (58.20)

Lunch round, n (%)

209 (16.92)

436 (16.43)

242 (19.98)

417 (12.36)

Evening round, n (%)

444 (35.95)

761 (28.68)

437 (36.09)

993 (29.44)

179 (14.49)

609 (22.96)

236 (19.49)

582 (17.25)

a

Total number of OE per type of unit, n (%)
Surgical unit, n (%)
Medical unit, n (%)

1001 (81.05)

1934 (72.90)

906 (74.81)

2706 (80.23)

Critical care unit, n (%)

55 (4.45)

110 (4.15)

69 (5.70)

85 (2.52)

Total number of OEa according to unit exposition, n (%)
Area exposed to interruption, n (%)

1175 (95.14)

2163 (81.53)

1003 (82.82)

2705 (80.20)

Area not exposed to interruption, n (%)

60 (4.86)

490 (18.47)

208 (17.18)

668 (19.80)

OE Opportunity for Error

a

1235 TOE) and 23.78% (288 OE with at least one interruption/1211 TOE) for the experimental and control
groups (Table 3). During the intervention period, the
interruption rates were 15.04% (399 OE with at least one
interruption/2653 TOE) for the experimental group, for
a total of 479 interruptions, and 20.75% (700 OE with at
least one interruption/3373 TOE) for the control group,
for a total of 888 interruptions, p-value = 0.350. Most interruptions were in the non-health professional category
(relative, other patient, lack of material, noise, phone,
emergencies, other) for the two periods for both groups.
During the intervention period, 24 administrations with
at least one interruption contained at least one error in
the experimental group and 52 administrations in the
control group. Most of these administrations (with at
least one error and one interruption) had no clinical
impact.
In total, 29 nurses in the experimental group (51%
of the nurses observed during the intervention period)
completed the structured survey. The vast majority
strongly agreed or agreed that interruptions occur frequently (96.6%), are a concern for patient safety
(86.2%), and lead to medication errors (93.1%). The
sources most often mentioned (> 50%) as being

frequent sources of interruption were phone calls
(72.4% of respondents), relatives (69.0%), doctors
(65.5%), call buttons (62.1%), other patients (58.6%),
and lack of drugs or material (58.6%). Most (62.1%)
reported that being observed made no difference to
them and observation made them more aware of interruptions for 48.3%. The vast majority (82.8%) reported that they wore a vest during the medication
rounds and 27.6% thought that wearing the vest increased the number of times they were interrupted,
whereas 37.9% thought that it had no impact. Most
(62.1%) thought that wearing the vest had no impact
on the time it took to administer the medications and
thought that wearing a vest was not useful (55.2%).

Discussion
In this study, the wearing of a “Do not interrupt” vest
had no impact on administration error or interruption
rates. We found administration error rates of 7.09% for
the experimental group and 6.23% for the control group.
Identified risk factors (patient age, nurse experience,
nurse workload, unit configuration, and interruption)
were not associated with the error rate.
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Table 2 Error rates, types of errors, and potential clinical impact for the preintervention and intervention periods, by study group
Experimental group
TOE

Preintervention
period (A)
(n = 1235)

Control group

Intervention
period (B)
(n = 2653)

p-value
A vs. B
(*)
0.013

Number (%) of OE with at least one error

61 (4.94)

188 (7.09)

Total number of errors a

62

191

18 (29.0)

76 (39.8)

Preintervention
period (C)
(n = 1211)

Intervention
period (D)
(n = 3373)

p-value
C vs. D
(*)

p-value
B vs. D
(†)

0.845

0.355

0.004

0.851

78 (6.44)

210 (6.23)

81

213

17 (21)

84 (39.4)

Types of errors, n (%)
Wrong dosage-form error

0.170

Unauthorized drug error

9 (14.5)

34 (17.8)

0.686

5 (6.2)

28 (13.1)

0.138

–

Omission error

4 (6.5)

7 (3.7)

0.471

1 (1.2)

1 (0.5)

0.476

–

Wrong-dose error

30 (48.4)

67 (35.1)

0.085

47 (58.0)

79 (37.1)

0.001

0.046

Wrong administration technique error

0 (0.0)

7 (3.7)

0.199

10 (12.3)

14 (6.6)

0.169

–

Wrong drug-preparation error

1 (1.6)

0 (0)

0.245

1 (1.2)

7 (3.3)

0.452

–

No clinical impact

43 (69.4)

130 (68.1)

0.974

56 (69.1)

171 (80.3)

0.060

–

Serious or significant clinical impact b

19 (30.6)

61 (31.9)

25 (30.9)

42 (19.7)

Potential clinical impact of errors, n (%)

a

One OE can be associated with several errors and different clinical impact
No OE had a potential life-threatening impact
* p-value corresponds to either a Fisher test or a Chi-2 test
† p-value corresponds to the interaction term of the mixed logistic regression model (see statistical methods). Due to a low numbers of OE, the model could not
converge for unauthorized drug error, omission error and wrong administration technique and drug-preparation error. No calculation was possible for the p-value
of the potential clinical impact because an OE could be associated with several errors with different clinical impact
b

Error rates were consistent with those found in intervention studies evaluating training- or technologyrelated interventions [14, 15, 34] and lower than those of
other studies [4, 33]. Unlike our results, Verweij et al.
found a significant long-term reduction in administration errors (66%) after implementing a vest in a beforeand-after study between period 2 (2 weeks after implementation of the vest) and period 3 (4 months after)
[36]. The most frequent errors were the absence of patient identification, wrong-time errors, and wrong
reporting. These errors were not evaluated in our study.
Other errors assessed in our study were rarely observed
(wrong dose, wrong medication, and wrong route errors)
by Verweij et al. However, these results are limited by
the design of their study, which was suboptimal for
evaluating the impact of intervention. Concerning interruptions, they found a 75% reduction after implementing

Fig. 2 Forest plot of univariate analysis of medication errors

the vest. The authors indicated that there were more factors than the vest alone that influenced the resulting
effect.
Unlike other studies, we did not find an association between medication administration errors and
the nurses’ experience, workload, or interruptions
[12, 37, 38].
Interruption rates of approximately 50% have been reported in the literature [5, 10, 31], with nurses as the
main source. Our study confirmed that interruptions
occur frequently during administration, but a lower
interruption rate was observed, and nurses were not the
main source. This can be partially explained by the fact
that double checking medications during an administration round is not recommended by the French Health
Authority in adult hospitals. The only randomized controlled study available evaluated the impact of wearing a
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Table 3 Task interruption rates for the preintervention and intervention periods, by study group
Experimental group
TOE

Control group

Preintervention Intervention p-value Preintervention Intervention p-value p-value
period (A)
period (B)
A vs. B period (C)
period (D)
C vs. D B vs. D
(n = 1235)
(n = 2653)
(*)
(n = 1211)
(n = 3373)
(*)
(†)

Number of OE with at least one interruption
For the TOE observed, n (%)
Total number of interruptions

a

165 (13.4)

399 (15.04)

0.182

288 (23.78)

700 (20.75)

0.031

0.350

204

479

364

888

Type of task interruptions (at least one
interruption of each type), n (%)

191

446

321

809

Paramedical professional (nurse, other professional,
hospital porter/paramedic)

70 (36.7)

141 (31.7)

0.252

117 (36.4)

312 (38.6)

0.790

0.002

Medical professional (doctor)

34 (17.8)

48 (10.8)

0.021

35 (10.9)

87 (10.8)

1.000

0.467

Non-health professional (relative, other patient, lack
of material, noise, phone, emergencies, other)

87 (45.6)

257 (57.6)

0.007

169 (0.53)

410 (50.7)

0.600

0.593

Potential clinical impact of errors with at least
one interruption, n (%)

12

24

18

52
0.545

–

No clinical impact

8 (66.7)

17 (70.8)

Serious or significant clinical impact b

4 (33.3)

7 (29.2)

1.000

12 (66.7)

39 (75.0)

6 (33.3)

13 (25.0)

a

One OE can be associated with several interruptions
No OE had a potential life-threatening impact
* p-value corresponds to either a Fisher test or a Chi-2 test
† p-value corresponds to the interaction term of the mixed logistic regression model (see statistical methods). No calculation was possible for the p-value of the
potential clinical impact because an OE could be associated with several errors with different clinical impact
b

vest on the interruption rate [31]. The interruption rates
in the experimental group were 56 and 38% for the preintervention and intervention periods, respectively, and
in the control group, the rates reached 59 and 57%. The
authors mentioned certain limitations concerning the
study being monocentric, the fact that the medication
error rate was not evaluated, and that nurses in the control group were aware of the vest, which could have influenced their behavior, making them more conscious of
interruptions. Other small studies with a before-andafter design [18, 20, 39, 40] found a decrease in interruption rates after implementation of a vest.
The results of our survey of nurses show that being
observed made them more aware of interruptions,
similarly to the previous study [31]. Most thought
that wearing the vest had no impact on the time it
took to administer the medications and was not useful. The main sources of reported interruptions were
similar to those of our study. The impact of the vest
on patients was not evaluated in our study, but Palese
et al. found there to be a negative impact reported by
patients, inhibiting them from urgent communication
with nurses [41].
Our study had several strengths. Several biases (selection bias, contamination bias, and measurement bias)
were prevented due to the design. There was a risk of
the Hawthorne effect due to the use of the observation
technique, but it was limited by the cluster-controlled
randomized design, with two periods of data collection
and continuity of the observers (nurses got used to the

same observer for all observations). The preintervention
period was performed to evaluate the improvement of
nurses’ practices without the effect of the intervention.
Concerning the statistical analysis, specific attention was
given to compliance in wearing of the vest to ensure
powered intention-to-treat analysis.
Our study also had several limitations. We excluded
one unit due to missing data for the intervention period.
The intervention consisted of the vest wearing and the
posters in the units but nurses were not instructed to respond in a certain manner when they were interrupted
to limit the effect of the interruption [42]. This point
needs to be addressed in other studies. We observed a
difference in the administration error rates in the preintervention period between the experimental (4.94%) and
control (6.44%) groups, indicating heterogeneity of the
groups and perhaps a lack of standardization in their
practice. We performed a cluster-controlled randomized
study with two periods of data collection, which is
adapted to intervention studies in real-life care [43].
However, a lack of comparability between studied
groups is a risk of cluster clinical trials [44]. To avoid
such a difference, it would probably have been better to
have more homogeneous units in terms of the number
of OE per administration round and the number of patients under care by each nurse. We chose to evaluate
the units in terms of the specialty (medical, surgical, and
critical care), with the medical units including acute and
long-term units, such as rehabilitation units. Nurses in
long-term units have more patients under their care,
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more medications to administer, and fewer prescription
changes than those in acute units. In addition, patients
in surgical units receive fewer medications than those in
medical units. Concerning the survey, the rate of the
survey response in the experimental group (51%) was
higher than that in another study [31]. Finally, concerning the statistical plan, we chose the hypothesis of a decrease in the administration error rate of 45%, as
observed by Poon et al. [33], who used a barcode medication administration system that prevented errors. The
vest is not a barrier to administration errors like the barcode system. We believe that additional factors in the
analysis of the nurses’ practices other than the vest
alone would have influenced the resulting effect. Indeed, other error-provoking conditions that influence
administration errors could be evaluated, such as
organizational factors (low staffing, communication
between health professionals, prescribing or dispensing errors, drug administration routes), individual
nurse factors (fatigue, stress, unfamiliarity with certain
medications), patient contributions (behavior), and
problems with the supply and storage (lack of drug
stocks on the wards) of medications [12].

Conclusions
We did not demonstrate an impact of the vest in reducing administration errors. To improve further research
in this area, other approaches, including personnel-level
interventions (nursing education or behavioral strategies
to manage interruptions) and/or organizational interventions (automated drug dispensing and barcode-assisted
medication administration) could be studied.
Abbreviations
CONSORT: Consolidated Standards of Reporting Trials; OE: Opportunity for
Error; TOE: Total Opportunities for Errors

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12912-021-00671-7.
Additional file 1.

Acknowledgements
We thank Pascaline Aucouturier, Abel Grine, Sophie Glippa, Maxime Esvan
Juliette Djadi-Prat, and Diane Martinez for their support.
Authors’ contributions
SB, AV, YB, GP, MB, JC, TTPT, MD, CG, PD, NV, CD, AK, LL, and BS conceived
and planned the work that led to the manuscript. SB, MD, PD, LL, and BS
designed the study. All authors were involved in drafting and revising the
various drafts of the protocol, with substantive suggestions. All authors have
given final approval of the submitted version.
Funding
This work was supported by a grant from the French Ministry of Health
(Direction Générale de l’Offre de Soins –DGOS) as the “Programme de
Recherche sur la Performance du Système de Soins” (N°15–027 PERMIS). The

Page 10 of 11

DGOS had no role in the conception, realization, or analysis of the study. The
Assistance Publique-Hôpitaux de Paris (AP-HP) was the study sponsor.
Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Declarations
Ethics approval and consent to participate
The PERMIS study protocol was approved by institutional review boards and
ethics committees (CPP Ile de France number 2016-A00211–50) and registered at ClinicalTrials.gov (registration number: NCT03062852, date of first
registration: 23/02/2017). Informed consent was obtained from all participants. All participating nurses underwent a process of non-opposition and
were made aware that participation was strictly voluntary. Participants could
withdraw from the study at any time.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Pharmacy Department, Hôpital européen Georges-Pompidou, APHP, 20 rue
Leblanc, 75015 Paris, France. 2INSERM, UMRS1138, Centre de Recherche des
Cordeliers, Sorbonne Université, Université de Paris, Paris, France. 3Clinical
Research Department, Hôpital européen Georges-Pompidou, APHP, 20 rue
Leblanc, 75015 Paris, France. 4Pharmacy Department, Paris Saint Joseph
Hôpital, Paris, France. 5Pharmacy Department, Hôpital Vaugirard and Hôpital
Corentin Celton, APHP, Paris, France. 6 DSAP, Hôpital européen
Georges-Pompidou, APHP, 20 rue Leblanc, 75015
Paris France . 7
Department of Nephrology Hôpital européen Georges-Pompidou, APHP, 20
rue Leblanc, 75015
Paris France . 8Paris Descartes University, Paris,
France. 9INSERM, PARCC, Paris, France. 10Lip(Sys)2, EA7357, UFR Pharmacie,
U-Psud, University of Paris-Saclay, Paris, France.
1

Received: 19 March 2021 Accepted: 16 July 2021

References
1. Latif A, Rawat N, Pustavoitau A, Pronovost P, Pham J. National Study on the
distribution, causes, and consequences of voluntarily reported medication
errors between the ICU and non-ICU settings. Crit Care Med. 2013;41(2):
389–98. https://doi.org/10.1097/CCM.0b013e318274156a.
2. Allan EL, Barker KN. Fundamentals of medication error research. Am J Hosp
Pharm. 1990;47(3):555–71.
3. Keers RN, Williams SD, Cooke J, Ashcroft DM. Prevalence and nature of
medication administration errors in health care settings: a systematic review
of direct observational evidence. Ann Pharmacother. 2013;47(2):237–56.
https://doi.org/10.1345/aph.1R147.
4. Berdot S, Gillaizeau F, Caruba T, Prognon P, Durieux P, Sabatier B. Drug
administration errors in hospital inpatients: a systematic review. PLoS One.
2013;8(6):e68856. https://doi.org/10.1371/journal.pone.0068856.
5. Johnson M, Sanchez P, Langdon R, Manias E, Levett-Jones T, Weidemann G,
et al. The impact of interruptions on medication errors in hospitals: an
observational study of nurses. J Nurs Manag. 2017;25(7):498–507. https://doi.
org/10.1111/jonm.12486.
6. Kalisch BJ, Aebersold M. Interruptions and multitasking in nursing care. Jt
Comm J Qual Patient Saf Jt Comm Resour. 2010;36:126–32.
7. Westbrook JI, Coiera E, Dunsmuir WTM, Brown BM, Kelk N, Paoloni R, et al.
The impact of interruptions on clinical task completion. Qual Saf Health
Care. 2010;19(4):284–9. https://doi.org/10.1136/qshc.2009.039255.
8. Biron AD, Lavoie-Tremblay M, Loiselle CG. Characteristics of work
interruptions during medication administration. J Nurs Scholarsh. 2009;41(4):
330–6. https://doi.org/10.1111/j.1547-5069.2009.01300.x.
9. Biron AD, Loiselle CG, Lavoie-Tremblay M. Work interruptions and their
contribution to medication administration errors: an evidence review.
Worldviews Evid-Based Nurs. 2009;6(2):70–86. https://doi.org/10.1111/j.17416787.2009.00151.x.

Berdot et al. BMC Nursing

(2021) 20:153

10. Westbrook JI, Woods A, Rob MI, Dunsmuir WTM, Day RO. Association of
interruptions with an increased risk and severity of medication
administration errors. Arch Intern Med. 2010;170(8):683–90. https://doi.org/1
0.1001/archinternmed.2010.65.
11. Bailey BP, Konstan JA. On the need for attention-aware systems: measuring
effects of interruption on task performance, error rate, and affective state.
Comput Hum Behav. 2006;22(4):685–708. https://doi.org/10.1016/j.chb.2
005.12.009.
12. Keers RN, Williams SD, Cooke J, Ashcroft DM. Causes of medication
administration errors in hospitals: a systematic review of quantitative and
qualitative evidence. Drug Saf. 2013;36(11):1045–67. https://doi.org/10.1007/
s40264-013-0090-2.
13. Keers RN, Plácido M, Bennett K, Clayton K, Brown P, Ashcroft DM. What
causes medication administration errors in a mental health hospital? A
qualitative study with nursing staff. PloS One. 2018;13:e0206233.
14. Berdot S, Roudot M, Schramm C, Katsahian S, Durieux P, Sabatier B.
Interventions to reduce nurses’ medication administration errors in inpatient
settings: a systematic review and meta-analysis. Int J Nurs Stud. 2016;53:34250.
15. Keers RN, Williams SD, Cooke J, Walsh T, Ashcroft DM. Impact of
interventions designed to reduce medication administration errors in
hospitals: a systematic review. Drug Saf. 2014;37(5):317–32. https://doi.org/1
0.1007/s40264-014-0152-0.
16. Raban MZ, Westbrook JI. Are interventions to reduce interruptions and
errors during medication administration effective?: a systematic review. BMJ
Qual Saf. 2014;23(5):414–21. https://doi.org/10.1136/bmjqs-2013-002118.
17. Berdot S, Sabatier B. Medication errors may be reduced by double-checking
method. Evid Based Nurs. 2018;21(3):67.
18. Relihan E, O’Brien V, O’Hara S, Silke B. The impact of a set of interventions to
reduce interruptions and distractions to nurses during medication
administration. Qual Saf Health Care. 2010;19:e52.
19. Huckels-Baumgart S, Baumgart A, Buschmann U, Schüpfer G, Manser T.
Separate Medication Preparation Rooms Reduce Interruptions and
Medication Errors in the Hospital Setting: A Prospective Observational Study.
J PatientSaf. 2021;17(3):e161-8.
20. Huckels-Baumgart S, Niederberger M, Manser T, Meier CR, Meyer-Massetti C.
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. 2017;25(7):539–48. https://doi.
org/10.1111/jonm.12491.
21. Mazzitelli N, Rocco G, De Andreis G, Mauro L, Montevecchi A, Stievano A,
et al. Reducing drug administration errors using “do not disturb” tabards
and signs. Prof Inferm. 2018;71(2):95–103. https://doi.org/10.7429/pi.2018.712
095.
22. Wimpenny P, Kirkpatrick P. Roles and Systems for Routine Medication
Administration to prevent medication errors in hospital-based, acute care
settings: a systematic review. JBI Libr Syst Rev. 2010;8(10):405–46. https://doi.
org/10.11124/jbisrir-2010-123.
23. Tomietto M, Sartor A, Mazzocoli E, Palese A. Paradoxical effects of a
hospital-based, multi-intervention Programme aimed at reducing
medication round interruptions. J Nurs Manag. 2012;20(3):335–43. https://
doi.org/10.1111/j.1365-2834.2012.01329.x.
24. Mortaro A, Pascu D, Pancheri S, Mazzi M, Tardivo S, Bellamoli C, et al.
Reducing interruptions during medication preparation and administration.
Int J Health Care Qual Assur. 2019;32(6):941–57. https://doi.org/10.1108/
IJHCQA-12-2017-0238.
25. Koyama A, Maddox C, Li L, Bucknall T, Westbrook J. Effectiveness of double
checking to reduce medication administration errors: a systematic review.
BMJ Qual Saf. 2020;29(7):595–603. https://doi.org/10.1136/bmjqs-2019009552.
26. Guide de la Haute Autorité de Santé. Outils de sécurisation et
d’autoévaluation de l’administration des médicaments. 2011.
27. Cook TD, Campbell DT. Quasi-experimentation: design & analysis issues for
field settings. Boston: Houghton Mifflin; 1979.
28. Barker KN, McConnell WE. The problems of detecting medication errors in
hospitals. Am J Hosp Pharm. 1962;19:361–9.
29. ASHP guidelines on preventing medication errors in hospitals. Am J Hosp
Pharm. 1993;50(2):305-14.
30. Estellat C, Colombet I, Vautier S, Huault-Quentel J, Durieux P, Sabatier B.
Impact of pharmacy validation in a computerized physician order entry

Page 11 of 11

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

context. Int J Qual Health Care. 2007;19(5):317–25. https://doi.org/10.1093/
intqhc/mzm025.
Westbrook JI, Li L, Hooper TD, Raban MZ, Middleton S, Lehnbom EC.
Effectiveness of a “do not interrupt” bundled intervention to reduce
interruptions during medication administration: a cluster randomised
controlled feasibility study. BMJ Qual Saf. 2017;26(9):734–42. https://doi.
org/10.1136/bmjqs-2016-006123.
Wing C, Simon K, Bello-Gomez RA. Designing difference in difference
studies: best practices for public health policy research. Annu Rev Public
Health. 2018;39(1):453–69. https://doi.org/10.1146/annurev-publhealth-04061
7-013507.
Poon EG, Keohane CA, Yoon CS, Ditmore M, Bane A, Levtzion-Korach O,
et al. Effect of bar-code technology on the safety of medication
administration. N Engl J Med. 2010;362(18):1698–707. https://doi.org/10.1
056/NEJMsa0907115.
Berdot S, Sabatier B, Gillaizeau F, Caruba T, Prognon P, Durieux P. Evaluation
of drug administration errors in a teaching hospital. BMC Health Serv Res.
2012;12(1):60. https://doi.org/10.1186/1472-6963-12-60.
Teerenstra S, Lu B, Preisser JS, van Achterberg T, Borm GF. Sample size
considerations for GEE analyses of three-level cluster randomized trials.
Biometrics. 2010;66(4):1230–7. https://doi.org/10.1111/j.1541-0420.2009.013
74.x.
Verweij L, Smeulers M, Maaskant J, Vermeulen H. Quiet please! Drug round
tabards: are they effective and accepted? A mixed method study. J Nurs
Scholarsh Off Publ Sigma Theta Tau Int Honor Soc Nurs. 2014;46:340–8.
Brady A-M, Malone A-M, Fleming S. A literature review of the individual and
systems factors that contribute to medication errors in nursing practice. J
Nurs Manag. 2009;17(6):679–97. https://doi.org/10.1111/j.1365-2834.2009.
00995.x.
Wondmieneh A, Alemu W, Tadele N, Demis A. Medication administration
errors and contributing factors among nurses: a cross sectional study in
tertiary hospitals, Addis Ababa, Ethiopia. BMC Nurs. 2020;19(1):4. https://doi.
org/10.1186/s12912-020-0397-0.
Pape T. The Effect of a Five-Part Intervention to Decrease Omitted
Medications. Nurs Forum (Auckl). 2013;48:211–22.
Williams T, King M, Thompson J, Champagne M. Implementing evidencebased medication safety interventions on a progressive care unit. Am J
Nurs. 2014;114(11):53–62. https://doi.org/10.1097/01.NAJ.0000456433.07343.
7f.
Palese A, Ferro M, Pascolo M, Dante A, Vecchiato S. “I am administering
medication-please do not interrupt me”: red tabards preventing
interruptions as perceived by surgical patients. J Patient Saf. 2019;15(1):30–6.
https://doi.org/10.1097/PTS.0000000000000209.
Johnson M, Langdon R, Levett-Jones T, Weidemann G, Manias E, Everett B.
A cluster randomised controlled feasibility study of nurse-initiated
behavioural strategies to manage interruptions during medication
administration. Int J Qual Health Care J Int Soc Qual Health Care. 2019;31:
G67–73.
Eccles M, Grimshaw J, Campbell M, Ramsay C. Research designs for studies
evaluating the effectiveness of change and improvement strategies. Qual
Saf Health Care. 2003;12(1):47–52. https://doi.org/10.1136/qhc.12.1.47.
Giraudeau B, Ravaud P. Preventing Bias in cluster randomised trials. PLoS
Med. 2009;6(5):e1000065. https://doi.org/10.1371/journal.pmed.1000065.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

