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ABSTRACT

Objective: We measured factors associated with workarounds in bar-code-assisted med-
ication administration (BCMA) in hospitals.

Materials and Methods: We performed a prospective observational study in Dutch 
hospitals using BCMA to administer medication. Disguised observation of medication 
administrations was used to collect data. The outcome was medication administrations 
with one or more workarounds in hospital inpatients, using BCMA. Univariate and multi-
variate multilevel logistic regression analysis was performed to identify factors associated 
with workarounds. Medications were classified using the Anatomic Therapeutic Chemical 
Classification (ATC). 

Results: We included 5793 medication administrations among 1230 inpatients. In 3633 
medication administrations (62.7%), one or more workarounds were observed. Factors 
significantly associated with workarounds were: the time of the medication round [med-
ication shifts 10-14 hour (adjusted Odds Ratio (OR) 2.43, 95% Confidence Interval (CI) 
1.27-4.64) and 14-18 hour (adjusted OR 1.89, 95% CI 1.15-3.10) versus the morning shift 
06-10 hour], the day of the week [Monday (adjusted OR 3.14, 95% CI 1.72-5.72), Wednes-
day (adjusted OR 2.05, 95% CI 1.26-3.34), Thursday (adjusted OR 1.82, 95% CI 1.08-3.07), 
Friday (adjusted OR 1.89, 95% CI 1.02-3.51), Saturday (adjusted OR 2.35, 95% CI 1.34-4.13) 
versus Sunday], the route of medication [non-oral (adjusted OR 1.25, 95% CI 1.02-1.53) 
versus oral administrations], the ATC classification [medication from the infrequently used 
ATC classes (eg. dermatologicals) (adjusted OR 1.51, 95% CI 1.07-2.13) versus ATC class 
A (alimentary tract and metabolism)], and a higher patient-nurse ratio, ≥ 6 to 1 (adjusted 
OR 1.98, 95% CI 1.53-2.57) versus ≤ 5 to 1. 

Conclusion: We identified factors associated with workarounds that could be used to 
target future improvement efforts.
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BACKGROUND

Electronic Bar-Code-assisted Medication Administration systems (BCMA) have been intro-
duced to reduce medication administration errors 1. The information from scanning the 
barcode on the medication package and the barcode on the patient’s identification wrist-
band can be checked against electronic prescribing information. An alert is given in case 
of a mismatch. Sometimes the nurse is also bar-coded so that the individual administering 
the medication can also be identified. Several studies have shown a reduction in medica-
tion administration errors after the introduction of a BCMA system 1-3. 

However, in practice, Information Technology (IT) based systems such as BCMA are not 
always used as intended by nursing staff as they adopt so-called workarounds 4-8. Work-
arounds have been defined as ‘informal temporary practices for handling exceptions 
to normal workflow’ 9. Workflow can be changed, either once, temporarily, or over an 
extended period, but identity, purpose or construction of the system remains unchanged 
10. Nursing staff adopts workarounds to deal with perceived issues, which may relate to 
lack of confidence in the technology, the time that using it takes, or other issues relating 
to hardware, programming, screen-design, user-knowledge or communication problems 
5,11,12. Identification of workarounds is essential to implement better-designed software, 
processes, and workflow. Workarounds can improve efficiency, but may also compromise 
the safety and effectiveness of patient care 13-16. In our previous study in four hospitals 
in the Netherlands 17,18, we observed 3633 workarounds in 5793 medication administra-
tions given to 1230 inpatients using BCMA to administer medication. Workarounds were 
associated with medication administration errors (odds ratio (OR) 3.06, 95% confidence 
interval [95% CI 2.49-3.78]) 18. The most frequently occurring workarounds were proce-
dural deviations such as not scanning at all (36%) and workarounds of the patient scanning 
process such as attaching patients’ wristbands to beds or carts (28%). Other research 
identified circumstantial factors for performing workarounds 12,19,20 but focused mainly on 
the usability of the BCMA system. 

Our data provide the opportunity to study the situations in which workarounds occur. 
Quantifying the factors that contribute to workarounds is a first step to develop inter-
ventions to reduce the frequency of user workarounds in BCMA assisted medication 
administration in hospitals. Therefore, we aimed to identify factors associated with work-
arounds in BCMA.
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MATERIALS AND METHODS

Study design 
This research was a multicenter prospective observational study in adult patients (aged 
18 years and older) admitted to a hospital exclusively using BCMA in the medication 
administration process. A detailed version of the study protocol has been published 17. 
The regional medical ethics committee (in Dutch: ‘Regionale Medisch Ethische Commissie 
Zorgpartners Friesland’) approved the study protocol. The study was registered in the 
“Dutch trial register” with trial ID NTR4355. Study data were coded to ensure the privacy 
of the participants. 

Setting
The study was performed from May 2015 to March 2016. All four included hospitals oper-
ated Computerized Physician Order Entry (CPOE) and BCMA each using different software 
for both the CPOE and the BCMA. In the pharmacy departments, pharmacy technicians 
dispensed unit-dose bar-code-labeled medication for inpatients into trays labeled with 
both the patient’s name and barcode ID. Trays were placed in medication carts, which 
were delivered to the wards once a day (or more frequently). In general, four medication 
administration rounds per day were scheduled in the participating hospitals: 6-10 am, 
10am-2 pm, 6-8 pm, and 8-10 pm. One nurse was responsible for medication adminis-
tration for one administration round per ward. Nurse trainees were accompanied and 
supervised by registered nurses. During a drug administration round, nurses selected the 
prescribed medication for each patient from the prefilled trays in the carts. Nurses used 
the computer or workstation on wheels to access the BCMA system during the medication 
administration round. They scanned the barcode of the patient and the medication and 
then, the BCMA systems checked the concordance between the patient, the administered 
medication, and the physician’s prescription. 

Participants
Patients from internal medicine (including cardiology, pulmonary diseases, and geriat-
rics), neurology and surgical (including pediatrics) wards of four Dutch hospitals using 
BCMA to administer medication were included. Patients aged 17 years and younger 
were excluded. 

Data collection
The disguised observation method 21 was used to collect data on medication admin-
istrations and workarounds. To prevent the nurses from adjusting their behavior (due 
to the presence of the observer) the observer was introduced as a person intended ‘to 
monitor the performance of the medication distribution system on that ward in general.’ 
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The following observation schedule was followed for each ward: at least three rounds 
were observed each day of the week, with a weekly minimum of 21 medication adminis-
tration rounds. In practice, the observer accompanied the nurse who administered the 
medication using BCMA and observed the administration of each dose of medication 
to the patients. The observer recorded details of the drug administration to the patient 
using a structured data collection form 17. In case the observer noticed a potentially dan-
gerous error, they intervened for ethical reasons, while retaining these observations in 
the dataset. If he or she could not see the details of the medication administration, this 
was noted, and these observations were excluded. Observation records were compared 
with the standard operating procedures of the BCMA process for that specific ward, to 
identify workarounds. 

Definition and classification
We defined workarounds using the definition of Kobayashi et al. 9 as ‘informal temporary 
practices for handling exceptions to normal workflow.’ We classified workarounds using 
a self-developed classification system which we derived from the approach of Koppel 
et al. 5,17.

Outcome measure and potential factors
The primary outcome was medication administrations with one or more workarounds 
in hospital inpatients, using BCMA. Potential factors evoking workarounds were selected 
based on recent research of Van den Bemt et al. 22, Schimmel et al. 23, Driscoll et al. 24, Aiken 
et al. 25 , Spetz et al. 26 , Donaldson and Shapiro 27 and Wise 28. The following factors were 
included to analyze their association with workarounds: general characteristics (hospital 
type, ward type, time of medication round, day of the week, patient age and gender), 
medication characteristics [percentage barcoded medication, route of administration, 
the first level of the Anatomic Therapeutic Chemical classification, an international drug 
classification system, aimed to categorize the active ingredients of drugs according to the 
organ or system on which they act and their therapeutic, pharmacological and chemical 
properties (Table 1), developed by the World Health Organization (WHO) 29,30 (ATC code), 
of the medication (medications with less than 75 observations were categorized as ‘other, 
infrequently used ATC classes’)], nurse characteristics (work experience [≤24 months, >24 
months]) and training (student nurse versus registered nurse), and workload characteris-
tics (median number of medications in cart per round [<34, ≥ 34], number of medications 
in cart per round per patient [1, 2, ≥3], and nurse workload, expressed as the patient-
nurse ratio which was calculated as the number of occupied beds divided by the number 
of registered nurses on that ward during one shift.
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Table 1. Anatomic Therapeutic Chemical (ATC) classification system

ATC Code  Drugs related to organ system or use

A  Alimentary tract and metabolism

B  Blood and blood-forming organs

C  Cardiovascular system

D  Dermatological medication

G  Genito-urinary system and sex hormones

H  Systemic hormonal preparations, excluding sex hormones and insulins

J  Anti-infective for systemic use

L  Antineoplastic and immunomodulating agents

M  Muscular-skeletal system

N  Nervous system

P  Antiparasitic products, insecticides and repellents

R  Respiratory system

S  Sensory organs, eye, nose, ear

V  Various drugs
Y Not supplied
Z Not relevant

Statistical analysis
The association between factors and the occurrence of workarounds was analyzed using 
logistic mixed models. In all models, we included a random intercept at the ward and the 
nurse level, to account for the potential dependence of observations as most of the time 
more than one observation was made for the same nurse. Owing to observed multicol-
linearity between the training of the nurse (student nurse versus registered nurse) and 
the work experience (≤24 months versus >24 months) of the nurse, we only included 
working experience as a variable in the model. The type of hospital (general versus train-
ing hospital) corresponded with the percentage of medication supplied with a barcode 
(< 99% versus ≥ 99%). Therefore, we did not include the hospital type in the analysis. 
First, univariate analyses were performed in which we examined the factors individually. 
Subsequently, we performed a multivariate analysis in which we included the hospital 
(= % barcode), type of nursing department, the day of the week, time of the medication 
round, ATC classes, the number of drugs per round, and route of administration as the 
independent variables. Mixed model analyses were conducted with MLWIN version 6.3 
and all other analyses with SPSS version 23.0.
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RESULTS

The characteristics of the study hospitals and nurses are presented in Table 2. In the 
four participating hospitals, we observed 6021 medication administrations. A total of 
228 (3.8%) of them were excluded because of inconsistencies or because the observer 
could not see the administration in detail. We included 5793 medication administra-
tions to 1230 inpatients. In 3633 administrations (62.7%), one or more workarounds 
were observed. 

Factors significantly associated with workarounds in the multivariate analysis were 
the medication round (medication shifts 10-14 hour (adjusted OR 2.43, 95% CI 1.27-
4.64) and 14-18 hour (adjusted OR 1.89, 95% CI 1.15-3.10) versus the morning shift 
06-10 hour), the workdays Monday (adjusted OR 3.14, 95% CI 1.72-5.72), Wednesday 
(adjusted OR 2.05, 95% CI 1.26-3.34), Thursday (adjusted OR 1.82, 95% CI 1.08-3.07), 
Friday (adjusted OR 1.89, 95% CI 1.02-3.51), Saturday (adjusted OR 2.35, 95% CI 1.34-
4.13) versus Sunday, the route of medication, non-oral (adjusted OR 1.25, 95% CI 
1.02-1.53) versus the oral route of drug administration, the ATC-coded medication 
other, infrequently used ATC classes (D,G,H,L,P,V,Y,Z) (adjusted OR 1.51, 95% CI 1.07-
2.13) versus ATC class A. and the patient-nurse ratio, ≥ 6 to 1 (adjusted OR 1.98, 95% 
CI 1.53-2.57) versus ≤ 5 to 1 (Table 3).

Table 2. Characteristics of study hospitals (N=4) and nurses (N=272)

Characteristics Category N %

Hospitals (n=4) Location Rural area 2 50

Urban area 2 50

Number of beds 1 200-400 1 25

401-600 2 50

601-800 1 25

Hospital type General 3 75

Teaching 1 25

Hospital BCMA experience 2-4 year 1 25

4-6 year 2 50

6-8 year 1 25

Nurses (n=272)

Gender Male 24 8.8

Female 248 91.2

Education level Student nurse 33 12.1

Registered nurse 236 86.7

Unknown 3 1.2

Experience as a Registered nurse ≤ 24 months 36 15.3



Chapter 7

146

Table 2. Continued

Characteristics Category N %

Nurses (n=272)
(Continued)

>24 months 198 83.9

Unknown 2 0.8

Registered nurse BCMA 2 experience ≤ 6 months 28 11.9

> 6 months 206 87.3

Unknown 2 0.8

Nursing ward Cardiology 39 14.3

Pulmonary diseases 29 10.7

Geriatrics 15 5.5

Internal medicine 53 19.5

Neurological 
diseases

35 12.9

Surgical diseases 60 22.1

Orthopedics 30 11.0

Other type of nursing 
ward

11 4.0

1= based on information dated 2013
2= Barcode-Assisted Medication Administration

Table 3. Univariate and multivariate analysis of factors associated with workarounds (WA) in 5793 (2160 without 
WA, 3633 with WA) observations in Barcode assisted medication administrations (BCMA), (N and %)

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics

Ward type Cardiology 341 5.89 682 11.77 Ref* - Ref* -

Pulmonary diseases 380 6.56 278 4.80 0.07 0.01-0.64 0.35 0.12-1.02

Geriatrics 159 2.74 122 1.93 0.09 0.01-1.47 1.41 0.34-5.90

Internal medicine 406 7.01 611 10.55 0.78 0.12-4.98 1.69 0.67-4.24

Neurological diseases 219 3.78 425 7.34 0.68 0.07-6.90 1.09 0.38-3.13

Surgical diseases 406 7.01 1008 17.40 0.74 0.10-5.30 1.39 0.56-3.45

Orthopedics 153 2.64 447 7.72 0.74 0.06-8.63 1.19 0.40-3.56

Other type of nursing ward, e.g., day care 96 1.66 60 1.04 0.17 0.01-6.53 0.98 0.19-5.10

Time of medication shift 06-10 hour 1509 26.05 1775 30.64 Ref* - Ref* -

10-14 hour 98 1.69 160 2.76 1.39 1.07-1.80 2.43 1.27-4.64

14-18 hour 472 8.15 472 8.15 0.85 0.74-0.98 1.89 1.15-3.10

18-22 hour 81 1.40 1226 21.16 12.86 10.17-16.28 1.05 0.29-3.83

Day of the week Sunday 159 2.74 374 6.46 Ref.* - Ref.* -

Monday 228 3.94 504 8.07 16.98 5.65-50.99 3.14 1.72-5.72

Tuesday 360 6.21 572 9.87 2.70 0.96-7.56 1.41 0.79-2.50

Wednesday 377 6.51 681 11.76 4.00 1.84-8.71 2.05 1.26-3.34

Thursday 405 6.99 723 12.48 6.60 2.51-17.34 1.82 1.08-3.07

Friday 290 5.01 331 5.71 4.66 1.70-12.75 1.89 1.02-3.51

Saturday 305 5.26 374 6.46 8.47 3.13-22.94 2.35 1.34-4.13
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Table 2. Continued

Characteristics Category N %

Nurses (n=272)
(Continued)

>24 months 198 83.9

Unknown 2 0.8

Registered nurse BCMA 2 experience ≤ 6 months 28 11.9

> 6 months 206 87.3

Unknown 2 0.8

Nursing ward Cardiology 39 14.3

Pulmonary diseases 29 10.7

Geriatrics 15 5.5

Internal medicine 53 19.5

Neurological 
diseases

35 12.9

Surgical diseases 60 22.1

Orthopedics 30 11.0

Other type of nursing 
ward

11 4.0

1= based on information dated 2013
2= Barcode-Assisted Medication Administration

Table 3. Univariate and multivariate analysis of factors associated with workarounds (WA) in 5793 (2160 without 
WA, 3633 with WA) observations in Barcode assisted medication administrations (BCMA), (N and %)

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics

Ward type Cardiology 341 5.89 682 11.77 Ref* - Ref* -

Pulmonary diseases 380 6.56 278 4.80 0.07 0.01-0.64 0.35 0.12-1.02

Geriatrics 159 2.74 122 1.93 0.09 0.01-1.47 1.41 0.34-5.90

Internal medicine 406 7.01 611 10.55 0.78 0.12-4.98 1.69 0.67-4.24

Neurological diseases 219 3.78 425 7.34 0.68 0.07-6.90 1.09 0.38-3.13

Surgical diseases 406 7.01 1008 17.40 0.74 0.10-5.30 1.39 0.56-3.45

Orthopedics 153 2.64 447 7.72 0.74 0.06-8.63 1.19 0.40-3.56

Other type of nursing ward, e.g., day care 96 1.66 60 1.04 0.17 0.01-6.53 0.98 0.19-5.10

Time of medication shift 06-10 hour 1509 26.05 1775 30.64 Ref* - Ref* -

10-14 hour 98 1.69 160 2.76 1.39 1.07-1.80 2.43 1.27-4.64

14-18 hour 472 8.15 472 8.15 0.85 0.74-0.98 1.89 1.15-3.10

18-22 hour 81 1.40 1226 21.16 12.86 10.17-16.28 1.05 0.29-3.83

Day of the week Sunday 159 2.74 374 6.46 Ref.* - Ref.* -

Monday 228 3.94 504 8.07 16.98 5.65-50.99 3.14 1.72-5.72

Tuesday 360 6.21 572 9.87 2.70 0.96-7.56 1.41 0.79-2.50

Wednesday 377 6.51 681 11.76 4.00 1.84-8.71 2.05 1.26-3.34

Thursday 405 6.99 723 12.48 6.60 2.51-17.34 1.82 1.08-3.07

Friday 290 5.01 331 5.71 4.66 1.70-12.75 1.89 1.02-3.51

Saturday 305 5.26 374 6.46 8.47 3.13-22.94 2.35 1.34-4.13
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Table 3. Continued

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics (Continued)

Patient age < 74 years of age 1072 18.51 1855 32.02 Ref* - Ref* -

≥ 74 years of age 1088 18.78 1778 30.69 0.91 0.76-1.09 0.95 0.83-1.10

Patient gender Men 1037 17.90 1657 28.60 Ref.* - Ref.* -

Women 1123 19.39 1976 34.11 0.83 0.69-1.00 0.91 0.79-1.04

Medication characteristics

% barcoded medication ≥ 99% 713 12.31 815 14.07 Ref* - Ref* -

< 99% 1447 24.98 2818 48.64 0.34 0.08-1.49 0.80 0.41-1.57

Route of administration Oral medication 1831 31.61 2951 50.94 Ref* - Ref* -

Non-oral route 3 329 5.68 682 11.77 1.19 1.02-1.39 1.25 1.02-1.53

ATC4 code ATC A 556 9.60 757 13.07 Ref* - Ref* -

ATC B 182 3.14 381 6.58 1.03 0.82-1.28 0.97 0.75-1.26

ATC C 479 8.27 620 10.70 0.95 0.80-1.13 0.97 0.81-1.17

ATC J 67 1.16 187 3.23 1.40 1.03-1.91 1.39 0.97-1.99

ATC M 68 1.17 104 1.80 1.12 0.79-1.58 1.13 0.78-1.64

ATC N 530 9.15 1095 18.90 1.04 0.89-1.22 1.03 0.86-1.23

ATC R 119 2.05 235 4.06 1.02 0.79-1.31 0.91 0.66-1.25

ATC S 86 1.48 110 1.90 0.93 0.68-1.28 0.87 0.60-1.26

Infrequently used classes (D,G,H,L,P,V,Y,Z) 

5
73 1.26 144 2.49 1.43 1.61-5.00 1.51 1.07-1.64

Nurse characteristics

Work experience ≤ 24 months 355 6 6.18 541 7 9.42 Ref* - Ref* -

> 24 months 1780 6 30.98 3069 7 53.42 1.60 0.72-3.52 1.17 0.74-1.85

Workload characteristics

Drugs per round per patient 1 52 0.90 187 3.23 Ref* - Ref* -

2 130 2.24 367 6.34 0.82 0.47-1.43 0.96 0.62-1.48

≥ 3 1978 34.14 3079 53.15 0.86 0.53-1.39 0.93 0.64-1.53

Total of drugs in cart per round 
(43 = median/cart)

< 43 1349 23.29 1491 25.74 Ref* - Ref* -

≥ 43 811 14.00 2142 36.98 2.39 2.14-2.67 0.47 0.47-1.15

Patient-nurse ratio (5 to 1 = 
median)

≤ 5 to 1 1755 30.30 1412 24.37 Ref* - Ref* -

≥ 6 to 1 405 6.99 2221 38.34 2.05 1.70-2.47 1.98 1.53-2.57

* = Reference category
1 = Odds ratio
2 = Adjusted for the hospital, type of nursing department, the day of the week, time of the medication round, 

ATC, the number of drugs per round, and route of administration
3 = Numbers non-oral routes; Inhalation 414, Parenteral 240, Sublingual 118, Eye-drops 69, Dermal drugs 56, 

Other route 114

4 = Anatomic Therapeutic Chemical classification (table 1.)
5 = Other, infrequently used ATC classes D,G,H,L,P,V,Y,Z (in which we observed a total of 217 administrations, 

range 2 to 75) (table 1.)
6 = 25 missing values
7 = 23 missing values
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Table 3. Continued

Category Factor
No WA

(N) %
WA
(N) % Crude OR 1 95% CI Adjusted OR 2 95% CI

General characteristics (Continued)

Patient age < 74 years of age 1072 18.51 1855 32.02 Ref* - Ref* -

≥ 74 years of age 1088 18.78 1778 30.69 0.91 0.76-1.09 0.95 0.83-1.10

Patient gender Men 1037 17.90 1657 28.60 Ref.* - Ref.* -

Women 1123 19.39 1976 34.11 0.83 0.69-1.00 0.91 0.79-1.04

Medication characteristics

% barcoded medication ≥ 99% 713 12.31 815 14.07 Ref* - Ref* -

< 99% 1447 24.98 2818 48.64 0.34 0.08-1.49 0.80 0.41-1.57

Route of administration Oral medication 1831 31.61 2951 50.94 Ref* - Ref* -

Non-oral route 3 329 5.68 682 11.77 1.19 1.02-1.39 1.25 1.02-1.53

ATC4 code ATC A 556 9.60 757 13.07 Ref* - Ref* -

ATC B 182 3.14 381 6.58 1.03 0.82-1.28 0.97 0.75-1.26

ATC C 479 8.27 620 10.70 0.95 0.80-1.13 0.97 0.81-1.17

ATC J 67 1.16 187 3.23 1.40 1.03-1.91 1.39 0.97-1.99

ATC M 68 1.17 104 1.80 1.12 0.79-1.58 1.13 0.78-1.64

ATC N 530 9.15 1095 18.90 1.04 0.89-1.22 1.03 0.86-1.23

ATC R 119 2.05 235 4.06 1.02 0.79-1.31 0.91 0.66-1.25

ATC S 86 1.48 110 1.90 0.93 0.68-1.28 0.87 0.60-1.26

Infrequently used classes (D,G,H,L,P,V,Y,Z) 

5
73 1.26 144 2.49 1.43 1.61-5.00 1.51 1.07-1.64

Nurse characteristics

Work experience ≤ 24 months 355 6 6.18 541 7 9.42 Ref* - Ref* -

> 24 months 1780 6 30.98 3069 7 53.42 1.60 0.72-3.52 1.17 0.74-1.85

Workload characteristics

Drugs per round per patient 1 52 0.90 187 3.23 Ref* - Ref* -

2 130 2.24 367 6.34 0.82 0.47-1.43 0.96 0.62-1.48

≥ 3 1978 34.14 3079 53.15 0.86 0.53-1.39 0.93 0.64-1.53

Total of drugs in cart per round 
(43 = median/cart)

< 43 1349 23.29 1491 25.74 Ref* - Ref* -

≥ 43 811 14.00 2142 36.98 2.39 2.14-2.67 0.47 0.47-1.15

Patient-nurse ratio (5 to 1 = 
median)

≤ 5 to 1 1755 30.30 1412 24.37 Ref* - Ref* -

≥ 6 to 1 405 6.99 2221 38.34 2.05 1.70-2.47 1.98 1.53-2.57

* = Reference category
1 = Odds ratio
2 = Adjusted for the hospital, type of nursing department, the day of the week, time of the medication round, 

ATC, the number of drugs per round, and route of administration
3 = Numbers non-oral routes; Inhalation 414, Parenteral 240, Sublingual 118, Eye-drops 69, Dermal drugs 56, 

Other route 114

4 = Anatomic Therapeutic Chemical classification (table 1.)
5 = Other, infrequently used ATC classes D,G,H,L,P,V,Y,Z (in which we observed a total of 217 administrations, 

range 2 to 75) (table 1.)
6 = 25 missing values
7 = 23 missing values
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DISCUSSION

Factors associated with workarounds were the day of the week, the time of the medication 
round, the route of administration, the administration of drugs with other, infrequently 
used ATC classes, and the patient-nurse ratio. These factors can be used to help target 
efforts to reduce the frequency of workarounds in the future.

Our findings seem to be in line with a qualitative study by Lalley 31 which showed that 
nurses reorganized the workflow in cases the BCMA system did not function as they were 
instructed and trained. Procedures should be reviewed critically to ensure that non-orally 
administered medication can be administered correctly using the BCMA system. Further-
more, nurses need to be well trained to perform infrequent procedures. 

However, few quantitative studies of workarounds have been done, and factors associated 
with workarounds of nurses have been the subject of limited research 32,33. The associa-
tion of the non-oral route of administration with workarounds may have several causes. 
For example, the dermal application, as well as inhalation, is often left to the patient 
self-administering this medication. This may enhance the risk of workarounds, because 
nurses may forget to scan such medication. Another example is a parenteral medication 
that needs handling to make it ready to administer: the original vial with infusion powder 
may contain a barcode, but the infusion bag with the added drug may not be barcoded. 
The handling of infrequently used medication (as expressed by the ATC class ‘other’) may 
lead to workarounds because of the nurses not being familiar with administering this 
medication. 

A higher patient-nurse ratio was also associated with workarounds. This is in line 
with other studies finding the patient-nurse ratios to be associated with inadequate 
nursing care to patients in hospitals 28,34-36. Death rates in hospitals in England with 
nurses caring for six or fewer patients were 20% lower than in hospitals with nurses 
caring for ten or more patients 37. Little is known about the optimal patient-nurse ratio, 
and ratios may vary by time of day and patient acuity. In California, USA, rules require 
a patient-nurse ratio of one nurse to every five patients 27. In our study, the work 
pressure may have led to nurses leaving out time-consuming steps such as scanning 
patients or medications 38. Workarounds were also associated with the time of the 
medication round and particular days. Workarounds seem to be more likely on busy 
weekdays versus the relatively quiet Sunday. Also, workarounds were more likely on 
the two rounds scheduled during daytime (10-14 hour and 14-18 hour) versus the 
early morning round. This may also be due to the busier parts of the day, leading to 
workarounds to save time. Our findings emphasize the need to review the patient-
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nurse ratio, work schedules and medication-related workload per day of the week and 
per shift to ensure the safe use of the system. Overall, our findings appear to be in 
line with studies showing that organization, work process, technology, patients, and 
healthcare professionals play a role in workarounds 12,39.

More broadly, nurses may have many motivations for workarounds—one common one 
is time-pressure, which is in line with the relationship with nurse-patient ratios. Some-
times workarounds may be essential if the system is broken in some way. But another 
motivation may be to fail to appreciate the safety impact of these checks, which can be 
addressed in part through assessing the culture of safety across an institution and in its 
various parts. Understanding these motivations may help with the design of strategies to 
reduce their impact. 

Strengths and limitations
A strength of our study is that we empirically and quantitatively assessed the frequency 
of factors associated with a large sample in multiple institutions using a robust method 
of data collection. This aspect and the multicenter design of the study enhances the 
generalizability of our data. Research like ours may be useful for the evaluation of other 
IT systems in health care.

The study also has limitations. Despite disguised observation being considered as the 
‘gold standard’ of data collection in medication administration error studies 21,40-42, obser-
vation bias cannot be excluded: observers may become tired and therefore less precise. 
We trained the observers intensively and instructed them to stay close to the nurses 
administering the medication. Only a small number (228, 3.8%) of observations had to 
be discarded because the observers could not collect all necessary data for that specific 
administration. Furthermore, the observer may have influenced the nurses, but this ‘Haw-
thorne-effect’ is reported to be small 43. Observers may have missed some workarounds. 
Other limitations were that all four hospitals had BCMA software systems from different 
vendors 17, and we observed only nurses from internal and surgical wards and patients 
aged 18 years and older. Finally, we based the selection of potential factors on litera-
ture, but we may have missed important factors. Exploring nurses’ beliefs and attitudes 
using BCMA may reveal additional user aspects as has been shown in a study on double 
checking procedures 44. Using the Australian Work Observation Method by Activity Timing 
(WOMBAT) technique may be another way to gain a better understanding of the underlying 
causes of some of the factors 45-47.
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Further research
Our results suggest that workload may be an important cause of workarounds. One exam-
ple of a workload reducing intervention could be the introduction of dedicated personnel 
- such as pharmacy technicians – who are solely responsible for medication administration. 
Pharmacy technicians are trained to handle medication as the main part of their daily 
work, in contrast to nurses for whom medication administration is only a part of their 
daily routine. In addition to this, pharmacy technicians, given the nature of the work in the 
pharmacy, may be better trained in the use of technology in general. Research from both 
the USA and the UK 48-50 shows the feasibility of medication administration to hospitalized 
patients by pharmacy technicians. On the other hand, this could be costly, and pharmacy 
technicians would have less of a sense of the patient and their conditions. 

CONCLUSION

Nurses administering medication using BCMA to hospital inpatients frequently performed 
workarounds. Factors associated with these workarounds were the administration of non-
oral medication, medication from ATC classes that were infrequently given and nurse 
workload. Especially nurse workload could be the focus for improvement measures as 
this is the most clearly modifiable factor identified in this study. 
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