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ABSTRACT
Background Double- checking the administration of 
medications has been standard practice in paediatric 
hospitals around the world for decades. While the 
practice is widespread, evidence of its effectiveness in 
reducing errors or harm is scarce.
Objectives To measure the association between 
double- checking, and the occurrence and potential 
severity of medication administration errors (MAEs); 
check duration; and factors associated with double- 
checking adherence.
Methods Direct observational study of 298 nurses, 
administering 5140 medication doses to 1523 patients, 
across nine wards, in a paediatric hospital. Independent 
observers recorded details of administrations and 
double- checking (independent; primed—one nurse 
shares information which may influence the checking 
nurse; incomplete; or none) in real time during weekdays 
and weekends between 07:00 and 22:00. Observational 
medication data were compared with patients’ medical 
records by a reviewer (blinded to checking- status), to 
identify MAEs. MAEs were rated for potential severity. 
Observations included administrations where double- 
checking was mandated, or optional. Multivariable 
regression examined the association between double- 
checking, MAEs and potential severity; and factors 
associated with policy adherence.
Results For 3563 administrations double- checking was 
mandated. Of these, 36 (1·0%) received independent 
double- checks, 3296 (92·5%) primed and 231 (6·5%) 
no/incomplete double- checks. For 1577 administrations 
double- checking was not mandatory, but in 26·3% 
(n=416) nurses chose to double- check. Where double- 
checking was mandated there was no significant 
association between double- checking and MAEs (OR 
0·89 (0·65–1·21); p=0·44), or potential MAE severity 
(OR 0·86 (0·65–1·15); p=0·31). Where double- checking 
was not mandated, but performed, MAEs were less 
likely to occur (OR 0·71 (0·54–0·95); p=0·02) and had 
lower potential severity (OR 0·75 (0·57–0·99); p=0·04). 

Each double- check took an average of 6·4 min (107 
hours/1000 administrations).
Conclusions Compliance with mandated double- 
checking was very high, but rarely independent. Primed 
double- checking was highly prevalent but compared 
with single- checking conferred no benefit in terms of 
reduced errors or severity. Our findings raise questions 
about if, when and how double- checking policies deliver 
safety benefits and warrant the considerable resource 
investments required in modern clinical settings.

INTRODUCTION
Systematic reviews continue to demon-
strate the high prevalence of medication 
errors in paediatric inpatients world-
wide.1 2 Double- checking medication 
administrations has been embedded in 
nursing practice for decades as an inter-
vention to safeguard against errors and 
associated harm. In paediatric hospitals, 
double- checking is recommended3 and 
widely applied given the complexity of 
paediatric medication management, and 
the vulnerable nature of patients who 
have reduced physiological reserves to 
buffer the effects of errors and a limited 
ability to step in and prevent obvious 
errors.3

The independent nature of the double- 
checking process, whereby both the 
requesting and checking nurse sepa-
rately perform a check without sharing 
information, has been identified as a 
crucial element in ensuring the effective-
ness of the process. In contrast, primed 
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double- checking, in which one nurse shares informa-
tion with the checking nurse, such as the name of the 
drug to be checked, may lead to confirmation bias.4 As 
the Institute for Safe Medication Practices states: ‘Two 
people working independently are less likely to make 
the same mistake; if they work together or suggest what 
the checker should find, both could follow the same 
path to error’.5 The requirement to have two nurses 
involved in the double- checking process consumes 
considerable resources, yet these have rarely been 
quantified.6

Despite the widespread adoption and support for 
double- checking, evidence of an association between 
its use and reduced medication errors or harm is very 
limited. A recent systematic review7 of the association 
between double- checking and medication adminis-
tration errors (MAEs) identified seven studies. Only 
two were rated of good quality.8 9 Common study 
limitations were: insufficient sample sizes; inadequate 
control of bias; reliance on self- report or incident 
reports of MAEs; and unclear definitions of double- 
checking.7 No study has reported on the association 
between double- checking and medication- related 
harm. Most studies failed to distinguish primed from 
independent double- checking.

Of the two studies given a higher quality rating, 
the first9 was a controlled simulation trial involving 
43 pairs of intensive care and emergency department 
nurses randomised to double- check or single- check 
groups. The simulation scenario included intentional 
errors and the evaluator recorded whether nurses 
detected these errors. Overall, 33% (n=7 pairs) of the 
21 nurse pairs in the double- checking group identified 
errors, compared with 9% (n=2 pairs) in the single- 
check group. However, in both groups the majority of 
nurses failed to detect the errors planted.

The second good quality study8 was a direct obser-
vational study of 32 nurses administering 1058 doses 
to 122 patients on four wards in an adult hospital in 
Finland in order to identify factors associated with 
MAEs. Applying a stepwise logistic regression model, 
double- checking (not defined in the study) was one of 
several factors found as significantly associated with 
fewer MAEs (OR 0·44 (0·27–0·72); p=0·001).

Of the five poor/fair quality studies,10–14 
two12 14 reported a positive association between 
double- checking and reduced MAEs, and three 
showed no evidence of effect. Only one study10 was 
conducted in a paediatric setting and involved a 
quality improvement programme to increase compli-
ance with two- person verification when setting 
an infusion pump within an anaesthetic radiology 
imaging service. However, limited preintervention/
postintervention MAE data were reported. Thus, 
there is no evidence of the effectiveness of double- 
checking procedures to reduce MAEs in children to 
date, despite the extensive use of the policy in paedi-
atric hospitals worldwide.

Given the extent of the published evidence base, crit-
ical evaluation of the value of double- checking in error 
reduction, relative to other safety interventions, is not 
possible. However, double- checking continues to be 
accepted practice. The Institute for Safe Medication 
Practices recommends ‘… the selective and proper use 
of independent double- checks…’,5 particularly among 
vulnerable populations such as children and for high- 
risk medications, but acknowledges the need for more 
robust evidence of its effectiveness in practice.

Our aim was to undertake a direct observational 
study to measure the association between double- 
checking, and the presence, and potential severity of 
MAEs. We also sought to identify factors associated 
with double- checking use when mandated or volun-
tary, and to estimate the time and associated costs 
consumed by double- checking.

METHODS
Patient sample
We conducted a prospective direct observational 
study of medication administrations to 1523 children 
within a 340- bed tertiary paediatric hospital in Sydney, 
Australia. The study was nested within a larger study 
investigating the effectiveness of an electronic medica-
tion management (eMM) system to reduce medication 
errors.15 Patients were sampled from nine medical and 
surgical wards during the hours of 07:00–22:00 over 
22 weeks (weekdays and weekends) between April and 
September 2016.

Procedures
All nurses on the study wards were invited to partic-
ipate via information sessions followed by direct 
approach. In total 298 nurses consented (representing 
>95% of nursing staff on those wards) and their demo-
graphic information (eg, age, gender, years of nursing 
experience) was recorded. Observers attended wards 
to conduct observations at the key medication admin-
istration times and randomly selected, from available 
consented nurses, a nurse to shadow. We have applied 
this technique in a previous study in adult hospitals.16

Observers (n=7) had nursing or pharmacy qualifica-
tions, were employed by the research team and under-
went extensive training over 8 weeks which involved 
workshops, simulated cases and infield practice. 
During this training process observers spent several 
weeks on the wards which allowed them to become 
familiar with the ward organisation and for nurses 
to become accustomed to their presence. Observers 
recorded details (eg, drug name, strength, dose, route, 
infusion rate for intravenous (IV) administrations) of 
medications observed to be administered and entered 
these data using specialised software, the Precise 
Observation System for the Safe Use of Medicines 
(POSSUM)17 on a handheld electronic device. Figure 1 
shows a research nurse undertaking observations using 
POSSUM.17 Observers did not have access to patient 
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medication charts. Observers recorded the number of 
interruptions to nurses (defined as an external stim-
ulus which required the nurse to switch tasks),16 18 if 
the nurse multitasked (defined as conducting two tasks 
in parallel, eg, responding to a question while also 
drawing up a drug), or if a parent was present at the 
patient’s bedside at the time of medication administra-
tion. Observers were instructed not to intervene unless 
they witnessed an administration error which was 
potentially dangerous (online supplementary appendix 
1). One observer was chosen as the gold standard 
data collector. Inter- rater reliability was assessed on 
multiple occasions until all the other observers reached 
substantial to perfect consistency with the gold stan-
dard observer (kappa scores >0·83 for medication 
strength, >0·93 for medication form, 1 for route and 
>0·76 for double-checking).

Double-checking
Hospital policy required independent double- checking 
by registered nurses (RNs) for all medication admin-
istrations except for a select group (online supple-
mentary appendix 2). Enrolled nurses (ENs), who are 
nurses who have completed a minimum of a diploma 
of nursing and provide care under the direction of 
RNs, are required to have all administrations double- 
checked with an RN.

Hospital policy defined double- checks as an inde-
pendent process in which a second nurse verifies in 
the presence of the first nurse the: medication order, 
correct dose for patient weight, time of last dose 
administration, medication and solvents/diluents 
when applicable (eg, amount in syringe, number of 
tablets), dose calculation, preparation and patient 

identification. Independent checking required nurses 
to not tell each other details about the medication to 
be checked prior to or during the actual check, so as 
not to prime the checker with potentially incorrect 
information. The hospital policy provided consid-
erable narrative detail about how the double- check 
process should be conducted emphasising the impor-
tance of the independence of the checking. In addi-
tion, a flow chart outlining the roles of the requesting 
and checking nurse is included in the policy (online 
supplementary appendix 2).

For each dose administration, observers recorded 
whether nurses performed independent, primed, 
incomplete or no double- check. Independent double- 
checking required all steps of the process that could 
be viewed by the observer to be completed inde-
pendently. This included independent checking: of 
medication against the patient’s chart; amount drawn 
up in syringes; and the final prepared medication. For 
this study we did not include independent verification 
by two nurses of the patient’s identification as part of 
the double- checking process. Primed double- checking 
occurred when at least one step involved priming the 
other nurse with details to be checked. Incomplete 
double- checks occurred when at least one step was 
not completed. To estimate the time and associated 
costs of double- checking, observers recorded when 
the checking nurse joined and completed the check 
for a subset of administrations (n=803). POSSUM 
provided time stamps for these variables. Time spent 
looking for a nurse to check was not assessed. We 
applied the average daily number of administrations in 
the hospital (n=1800) and average hourly nurse rates 
with oncosts ($A55·21).

Medication administration errors
MAEs were defined as administrations which deviated 
from: the prescriber’s medication order documented 
in the patient’s chart; the manufacturers’ prepara-
tion/administration instructions; or relevant hospital 
medication administration policies. To identify MAEs, 
observational data of medications administered were 
compared with medications recorded on patients’ 
medication charts by a reviewer blinded to informa-
tion about double- checking status. Fifteen MAE cate-
gories were applied (online supplementary appendix 3) 
including: incorrect drug, strength, formulation, dose, 
route, IV rate. These categories have been defined and 
applied in previous studies.16 Medication timing errors 
were excluded.

The potential harm severity of each error iden-
tified was rated by the reviewer. If multiple errors 
occurred in the same dose administration, potential 
harm severity was based on the cumulative effect of 
all errors. A severity scale, adapted from the National 
Coordinating Council for Medication Error Reporting 
and Prevention19 was used (online supplementary 
appendix 3).

Figure 1 Observer using a handheld device with Precise Observation 
System for the Safe Use of Medicines (POSSUM) software to record details 
of medications being prepared and administered to patients.
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Statistical analysis
Analysis was conducted for two groups of medica-
tions, where: (1) Double- checking was mandated. (2) 
Double- checking was optional. Descriptive statistics 
were presented by characteristics of patients, nurses, 
dose administrations and context (table 1). Of 5140 
dose administrations observed only 0·8% (n=43; 
36 in the mandated group, 7 in the optional group) 
were independently double- checked. Thus, both inde-
pendent and primed double- checks were combined. As 
2·0% (n=104) of administrations had an incomplete 
double- check, these administrations were considered 
the same as having had no double- check.

Four generalised linear mixed models (GLMMs) 
were applied to the two groups (mandatory double- 
checking and optional double- checking) to determine 
the association between double- checking and: (1) The 
occurrence of MAEs (yes/no) using logistic regres-
sion. (2) Their potential severity (no error, minimal or 
minor, moderate or greater) using multinomial ordinal 
logistic regression. These GLMMs considered correla-
tion of administrations conducted by the same nurse 
and adjusted for 13 variables related to characteris-
tics of patients, nurses and contextual factors listed in 
table 1.

We used generalised linear models to identify factors 
related to the use of double- checking. The initial 
models included the 13 variables in table 1. The back-
wards stepwise elimination process was adopted (final 
variables in tables 2 and 3). Results were considered 
significant at a value of p=0·05. All analyses were 
conducted using SAS software, V.9·4.

RESULTS
Table 1 reports the characteristics and distribution 
of medication administrations in relation to double- 
checking status, MAEs, and nurse, patient and contex-
tual factors. The MAE rate for medications where 
double- checking was mandatory was 71·6/100 admin-
istrations, and 34·7/100 administrations among medi-
cations where double- checking was optional (table 1). 
MAEs by category and double- checking status are 
reported in online supplementary appendix 4.

Among all 5140 medication administrations 
observed, 3563 (69·3%) required double- checking 
according to hospital policy. Time taken (for the 
checking nurse alone) to double- check averaged 6·4 
min (7·9 min for IV (n=295) and 5·5 min for non- IV 
administrations (n=508)). With ~1800 administra-
tions/day across the hospital (69.3% requiring double- 
checks), the process consumed ~133 nurse- hours/day 
(expended by checking nurses) at an estimated cost of 
$A7344/day (~$2·7 M annually).

Association between mandated double-checking and 
MAEs
We found no association between double- checking 
and the occurrence of a MAE (OR 0·89 (95% CI 0·65 

to 1·21)) or the potential severity of MAEs (OR 0·86 
(0·65–1·15)) (table 4; figure 2). For double- checked 
administrations the error rate was 72/100 adminis-
trations and for those not double- checked 71/100 
(table 1).

Association between optional double-checking and 
MAEs
When double- checking was optional (n=1577), and 
applied (n=416), we found there was a significantly 
lower odds of the occurrence of a MAE (OR:0·71 
(0·54–0·95)) and MAE severity (OR: 0·75 (0·57–0·99)) 
(table 4; figure 2). For double- checked administrations 
the error rate was 29/100 and for those not double- 
checked 37/100 administrations (table 1). Dose errors 
were the most frequent category of MAE and a lower 
rate of dose errors in the optional double- check group 
appeared to drive the overall difference between the 
double- checked and single- checked groups (17.3 dose 
errors/100 administrations vs 29.0/100 in the single- 
checked group) (online supplementary appendix 4).

Compliance and factors associated with mandated 
double-checking
Among the medication administrations where double- 
checking was mandated (n=3563), 36 (1·0%) were 
independently double- checked, 3296 (92·5%) were 
primed double- checked and 231 (6·5%) received an 
incomplete or no double- check (figure 1).

We examined factors associated with mandated 
double- checking and found compliance was signifi-
cantly higher: on one ward (orthopaedics) (OR=2·1 
(1·08–4·11) relative to the reference ward; for RNs 
compared with ENs (OR=1·58 (1·07–2·32)), and on 
weekends compared with weekdays (OR=1·50 (1·02–
2·21)). Administrations occurring using the eMM 
were 28% less likely to be double- checked (OR=0·72 
(0·53–0·98)) compared with administrations using 
paper medication charts (table 2).

Compliance and factors associated with optional 
double-checking
Double- checking was optional for 1577 administra-
tions but applied in 416 (26·4%) of these. In only seven 
(1·7%) administrations was an independent double- 
check performed. Nurses who chose to double- check 
when it was optional were: more likely to have fewer 
than 2 years clinical experience; not multitasking at 
the time of administration; using a paper- based medi-
cation chart; administering medications after 18:00 
and by a route other than oral (eg, inhalation) (table 3).

DISCUSSION
We found that mandatory double- checking, as 
currently performed in paediatrics, conferred no addi-
tional safety benefit compared with single- checking. 
Nurses were highly compliant, but rarely performed 
independent double- checks, relying almost exclusively 
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Table 1 Characteristics of medication administrations by double- checking status (n=5140)

Category and variable*

Double- checking
mandatory
n=3563 (69.3%)

Double- checking
optional
n=1577 (30.7%)

Single- checked
(n=231)

Double- checked
(n=3332)

Single- checked
(n=1161)

Double- checked
(n=416)

No MAEs 133 (57.6%) 1981 (59.5%) 770 (66.3%) 307 (73.8%)
MAEs       
  Number of MAEs 163 2387 427 121
  Mean (/100 administrations) 71 72 37 29
Potential harm severity†         
  Minimum/minor 67 (29%) 974 (29.2%) 314 (27.1%) 78 (18.8%)
  Moderate/serious 31 (13.4%) 377 (11.3%) 77 (6.6%) 31 (7.5%)
Patients         
  Age, years (mean±SD) 7.9±5.9 8.3±6.1 7.8±5.8 8.7±6.0
  Female gender 125 (54.1%) 1698 (51.0%) 552 (47.6%) 223 (53.6%)
Nurses         
Age, years         
  18–29 113 (48.9%) 1550 (46.5%) 483 (41.6%) 176 (42.3%)
  30–39 49 (21.2%) 707 (21.2%) 271 (23.3%) 78 (18.8%)
  40–49 39 (16.9%) 661 (19.8%) 298 (25.7%) 128 (30.8%)
  50–59 24 (10.4%) 317 (9.5%) 88 (7.6%) 24 (5.8%)
  ≥60 6 (2.6%) 97 (2.9%) 21 (1.8%) 10 (2.4%)
Female gender 211 (91.3%) 3118 (93.6%) 1085 (93.5%) 379 (91.1%)
Registered nurse 193 (83.6%) 2987 (89.7%) 1161 (100%) 416 (100%)
Years of experience         
  0–<2 48 (20.8%) 590 (17.7%) 212 (18.3%) 110 (26.4%)
  2–<5 60 (26.0%) 884 (26.5%) 252 (21.7%) 80 (19.2%)
  5–<10 45 (19.5%) 610 (18.3%) 171 (14.7%) 43 (10.3%)
  10–<15 18 (7.8%) 324 (9.7%) 113 (9.7%) 31 (7.5%)
  15–<20 17 (7.4%) 314 (9.4%) 144 (12.4%) 43 (10.3%)
  20–<25 28 (12.1%) 367 (11.0%) 189 (16.3%) 77 (18.5%)
  ≥25 15 (6.5%) 243 (7.3%) 80 (6.9%) 32 (7.7%)
Contextual factors     
On usual ward 200 (86.6%) 2690 (80.7%) 1035 (89.2%) 369 (88.7%)
Time of day         
  07:00–<10:00 80 (34.6%) 1006 (30.2%) 504 (43.4%) 175 (42.1%)
  10:00–<14:00 52 (22.5%) 734 (22.0%) 282 (24.3%) 104 (25.0%)
  14:00–<18:00 29 (12.6%) 521 (15.6%) 138 (11.9%) 30 (7.2%)
  18:00–<22:00 70 (30.3%) 1071 (32.1%) 237 (20.4%) 107 (25.7%)
Weekday 197 (85.3%) 2632 (79.0%) 954 (82.1%) 334 (80.3%)
eMM present on ward 153 (66.2%) 2042 (61.3%) 645 (55.6%) 173 (41.6%)
No. of interruptions         
  0 136 (58.9%) 2031 (61.0%) 846 (72.9%) 302 (72.6%)
  1 57 (24.7%) 785 (23.6%) 219 (18.9%) 82 (19.7%)
  2 23 (10.0%) 296 (8.9%) 62 (5.3%) 23 (5.5%)
  ≥3 15 (6.5%) 220 (6.6%) 34 (2.9%) 9 (2.2%)
No. of multitasks         
  0 175 (75.8%) 2692 (80.8%) 931 (80.2%) 369 (88.7%)
  1 37 (16.0%) 429 (12.9%) 168 (14.5%) 38 (9.1%)
  ≥2 19 (8.2%) 211 (6.3%) 62 (5.3%) 9 (2.2%)
  Parent at bedside 202 (87.5%) 2975 (89.3%) 1062 (91.5%) 374 (89.9%)
Administration route         
  Oral 156 (67.5%) 2202 (66.1%) 997 (85.9%) 337 (81.0%)
  Inhalation 10 (4.3%) 54 (1.6%) 77 (6.6%) 36 (8.7%)

Continued
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on primed double- checking. When mandatory double- 
checking was required, we found no significant asso-
ciation between double- checking and the occurrence 
of MAEs or the potential severity of those errors. The 
question as to whether the use of ‘independent’ double- 
checking improves safety remains unanswered as this 
process was so infrequently performed, as others have 
found,20 we could not assess its effectiveness.

The high level of compliance with primed double- 
checking, at over 90% of administrations, suggests 
nurses believe it is a necessary step, consistent with 
surveys of nurses’ beliefs.21 Previous studies in paedi-
atrics have also reported high adherence at 75%–90% 
of administrations.7 Failure to adhere to ‘indepen-
dence’ in the checking process has been attributed to 
poorly described policies,22 but this was not the case 
in our study. The hospital’s policy provided a step- by- 
step process for the requesting and checking nurses. 
However, it is possible that while the hospital policy 
was explicit about independence, the 298 nurses in 
our study may not have read or fully understood the 

policy. Calls for greater training and nurse education 
is a common response when policies are not followed 
as intended. However, an alternative response is to 
question whether independent double- checking on a 
large scale is practically possible in busy clinical envi-
ronments. As such, increased investments in training 
and education may not reap improvements.23 Further, 
there is currently no good evidence that independent 
double- checking will reduce MAEs. From our data 
we were unable to investigate whether the extent 
of priming made a difference, and this is a question 
worthy of investigation in the future.

In many instances when nurses were not required by 
hospital policy to double- check medications, they chose 
to do so. In these cases, we found a small but signif-
icant outcome with a reduced chance of error and 
lower potential severity. Overall, medications where 
double- checking is optional (eg, topical creams, vita-
mins, oral antibiotics, inhaled medications) are viewed 
as presenting lower safety risks to patients in relation to 
both the likelihood and consequences of any adminis-
tration errors. Our results confirm this assumption with 
MAE rates in this group less than half the MAE rate 
observed in the mandatory double- check group. While 
complex dose calculations are usually not required of 
the medications in this optional double- check group, we 
found dose errors were the most prevalent error cate-
gory and occurred at a rate similar to that reported in 
other studies of paediatric dose errors.24 When nurses 
chose to double- check, the dose error rate was lower 
than for the single- checked group. Thus, investigation 
of the underlying factors leading to dose errors may be 
beneficial in future studies to understand the potential 
value of double- checking this step when not mandated 
by hospital policy.

The use of optional double- checking may be a conse-
quence of habit, or because nurses prepare a range 
of medications at the same time and apply the same 
checking process to all. However, we found that less 
experienced nurses were more likely to invoke such 
double- checks, which suggests that their choice may be 
related to clinical uncertainty due to inexperience. In 

Category and variable*

Double- checking
mandatory
n=3563 (69.3%)

Double- checking
optional
n=1577 (30.7%)

Single- checked
(n=231)

Double- checked
(n=3332)

Single- checked
(n=1161)

Double- checked
(n=416)

  IV infusion 43 (18.6%) 752 (22.6%) 0 (0.0%) 0 (0.0%)
  IV injection 17 (7.4%) 226 (6.8%) 0 (0.0%) 0 (0.0%)
  Other‡ 5 (2.2%) 98 (2.9%) 87 (7.5%) 43 (10.3%)
*Counts and proportions are shown for all variables unless defined otherwise.
†Each administration could have multiple errors. All MAEs were considered together for potential harm severity rating. Hence the totals of MAE and 
severity ratings will differ.
‡Other includes ear, eye, nasal, rectal, subcutaneous injection, topical, transdermal, intramuscular injection.
eMM, electronic medication management system; MAE, medication administration error.

Table 1 Continued

Table 2 Factors associated with adherence to mandatory 
double- checking (n=3563 administrations)

Related factors
OR of double- checking 
(95% CI) P value

Ward   0.03
A Ref.
B 1.37 (0.8 to 2.35)
C 1.23 (0.76 to 1.97)
D 1.52 (0.9 to 2.57)
E 0.78 (0.48 to 1.24)
F 0.71 (0.37 to 1.35)
G 2.1 (1.08 to 4.11)
H 1.18 (0.65 to 2.12)
I 1.58 (0.89 to 2.80)
Registered versus enrolled 
nurse

1.58 (1.07 to 2.32) 0.02

eMM versus paper system 0.72 (0.53 to 0.98) 0.03
Weekend versus weekday 1.50 (1.02 to 2.21) 0.04
eMM, electronic medication management.
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their simulation study, Douglass et al9 also found that 4 
of 22 nurse pairs randomised to the single- check group 
still chose to double- check. These and others’25 find-
ings support the notion that even when not compelled 

by policy, nurses will use their clinical judgement as to 
when a double- check may be warranted, and in such 
situations the process may be more likely to confer a 
benefit.

We found that mandatory double- checking was 
more prevalent on weekends, as Alsulami et al20 did in 
their observational study of medication administration 
in a UK paediatric hospital. Lack of time and ability to 
locate nurses during busy periods are likely barriers to 
double- checking compliance and may explain greater 
weekend adherence.

A 2019 statement reinforcing the use of double- 
checking by the Institute for Safe Medication Practices 
stated that ‘…there is enough evidence today to suggest 
that conducting a manual independent double check is 
worth the time and effort if this strategy is used judi-
ciously…’.26 A critical appraisal of existing evidence,7 
including the results for our study, indicate that there 
is not sufficient evidence to substantiate this statement. 
A high- quality, multisite, randomised controlled trial, 
incorporating a cost- effectiveness analysis, is needed 
to answer the fundamental question, is independent 
double- checking worth the time and effort in medica-
tion administration, and further in what circumstances 
is benefit likely? This trial should address the question 
of whether ‘independent’ double- checking is effective 
in reducing MAEs relative to possible alternative strat-
egies. As Pfeiffer et al27 argue, consideration should 
be given to reconceptualising the double- check process 
to include a wider range of options, such as, single- 
person double- checking (eg, one nurse checks each 
step twice). They also suggest a review of the cognitive 
processes required by different steps in the checking 
process. For example, the cognitive resources needed 
to check a drug calculation are different to those 
required to compare the drug name on a vial against 
that on a medication chart and may warrant different 
types of checks in order to prevent errors.

At face value, the logic of checking a medication twice 
before administration is hard to argue against, and thus it 
is not surprising that the policy has been adopted widely 
and is strongly supported by nurses. The potential value 
of double- checking is often reinforced when retrospec-
tive audits of medication incidents point to failures in 
the checking process as a potential cause.28 29 Evidence 
from psychological studies and theories30 provide some 
insights into reasons why double- checking may be no 

Table 3 Factors associated with the use of optional double- 
checking (n=1577 administrations)

Related factors
OR of double- checking 
(95% CI) P value

Ward   <0.0001
  A Ref.
  B 0.58 (0.37 to 0.91)
  C 0.9 (0.51 to 1.59)
  D 0.7 (0.38 to 1.26)
  E 0.31 (0.18 to 0.52)
  F 0.33 (0.21 to 0.52)
  G 0.49 (0.30 to 0.80)
  H 0.34 (0.18 to 0.64)
  I 1.94 (0.93 to 4.04)
Years of experience   0.0005
  0–2 Ref.
  2–5 0.52 (0.36 to 0.75)
  5–10 0.38 (0.25 to 0.59)
  10–15 0.56 (0.34 to 0.90)
  15–20 0.61 (0.39 to 0.95)
  20–25 0.65 (0.45 to 0.95)
  ≥25 0.79 (0.48 to 1.31)
No. of multitasks   0.03
  0 Ref.
  1 0.68 (0.46 to 0.99)
  ≥2 0.49 (0.24 to 1.02)
  eMM versus paper 

system
0.48 (0.37 to 0.62) <0.0001

  Route*   0.02
  Oral Ref.
  Inhalation 1.28 (0.80 to 2.04)
  Other† 1.76 (1.15 to 2.67)
  Time of day   0.01
  07:00–<10:00 Ref.
  10:00–<14:00 1.23 (0.88 to 1.71)
  14:00–<18:00 0.80 (0.50 to 1.29)
  18:00–<22:00 1.57 (1.13 to 2.18)
*All IV and IV injection administrations required double- checking.
†Other includes ear, eye, nasal, rectal, subcutaneous injection, topical, 
transdermal, intramuscular injection.
eMM, electronic medication management.

Table 4 ORs of the association between double- checking and any MAEs and potential MAE severity*

Outcome of interest

Double- checking mandatory
(n=3563)

Double- checking optional
(n=1577)

OR (95% CI) P value OR (95% CI) P value

Any MAEs 0.89 (0.65 to 1.21) 0.44 0.71 (0.54 to 0.95) 0.02
Potential severity 0.86 (0.65 to 1.15) 0.31 0.75 (0.57 to 0.99) 0.04
*The results presented are derived from generalised linear mixed effect models (for details see Statistical analysis section).
MAE, medication administration error.
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superior to single- checking. Factors include that the 
double- checking process diffuses responsibility so that 
neither participant takes full responsibility.21 31–33 As a 
high frequency procedure, which may be undertaken 
many times each day, double- checking can become ‘ritu-
alised’ and automatic, rendering it ineffective.4 Double- 
checking may also be influenced by the relative roles 
and experience of nurses participating, with one nurse 
deferring to a more senior or experienced colleague.4 
Douglass et al9 found in their randomised simulation 
trial, that in some cases within the double- check group, 
the second nurse falsely reassured the first nurse who 
expressed concerns, or they rushed the first nurse in the 
process.

Our results add to the very limited information 
available6 on the potential workforce costs consumed 
by double- checking. A small time and motion study on 
a geriatric ward estimated 17 hours/1000 administra-
tions could be saved by moving to single- checking.12 

Our results suggest nurse- time costs may be consid-
erably higher in paediatrics with double- checking 
consuming ~107 hours/1000 administrations, at an 
annual cost ~$A2.7 M (US$ 1.5 M). This may partly 
reflect the greater complexity of medication checking 
in paediatrics. The opportunity costs of applying an 
extensive double- checking policy, in terms of how, even 
a proportion, of these staff resources could be redi-
rected to other safety strategies, are rarely discussed.

As new medication administration technologies are 
now routinely implemented in hospitals, the double- 
checking process has become encoded into practice. 
Two nurses must log onto a computer to acknowl-
edge and sign off the checking process, which takes 
more time than signing paper medication charts. Our 
finding that nurses were significantly less likely to 
double- check medications when using an eMM may 
reflect this additional time burden. Several qualitative 
studies4 22 have further indicated substantial disruption 

Figure 2 Flowchart of study results.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2020-011473 on 7 A

ugust 2020. D
ow

nloaded from
 

http://qualitysafety.bmj.com/


9Westbrook JI, et al. BMJ Qual Saf 2020;0:1–11. doi:10.1136/bmjqs-2020-011473

Original research

to nurses’ work in both seeking out and responding to 
requests for double- checking which can contribute to 
task errors and potentially increased safety risks.16 18

Two decades ago, Lucian Leape reportedly 
described double- checking as one of the ‘sacred 
cows’ of nursing practice that ‘…saps time and is 
ineffective’.4 Changing or de- implementing such 
ingrained practices is very difficult, even in the face 
of evidence indicating they may be ineffective.34 
In the absence of compelling evidence to support 
double- checking practices, a small number of health-
care organisations11 23 have changed from a policy 
of mandated to optional double- checking. Chua et 
al23 reported on the removal of mandatory double- 
checking procedures in an ambulatory cancer centre 
in Singapore following concerns that the process had 
become a ‘ritualistic chant’ and an attempt to rein-
force independent double- checking had failed. They 
reported no increase in errors (based on a prepost 
study using incident reports; six to eight errors/year 
vs four/year post). Unfortunately, without a more 
comprehensive assessment of MAEs, it is difficult to 
draw clear conclusions from that study.

Our study had some limitations. We used direct 
observations of staff which may have increased their 
compliance with policy, and nurses may have been 
more careful during the administration process. 
These factors would result in an overestimation 
of any beneficial effect of double- checking (due to 
greater policy compliance) and an underestimation 
of the true MAE rate (due to increased vigilance). 
The long period over which observations took 
place (5·5 months plus 2 months when observers 
were practising) reduced the chance of sustained 
behaviour change by nurses on busy clinical wards. 
Our time and cost estimates were based on a subsa-
mple and are intended only as broad indicators of 
the magnitude of resource use.

CONCLUSIONS
Our results show nurses were highly compliant with 
mandatory double- checking but failed to ‘inde-
pendently’ check, despite a clear hospital policy. 
When mandatory double- checking was required, 
we found that primed double- checking, compared 
with single- checking, conferred no additional safety 
benefit to paediatric patients. It is questionable that 
continuing to promote the adoption of mandated, 
independent double- checking in its traditional form 
will reap substantial change in practice, and the 
opportunity costs are high. As independent double- 
checking was so infrequently performed, we were 
unable to determine whether independent double- 
checking is effective and this important question 
remains unanswered. The value of clinical judge-
ment rather than policy- mandated double- checking 
warrants further exploration.

There have been enormous changes over the past 
50 years in the nature of medicines, their physical 
packaging and presentation and technological devel-
opments (eg, smart IV pumps, automatic dispensing 
cabinets, bar coding and computerised medication 
ordering and administration systems), all of which 
place different cognitive demands on nurses respon-
sible for their preparation and administration. Yet, 
we have not seen a commensurate review or trans-
formation of the checking processes required. Our 
results indicate that the current application of 
double- checking policy may no longer be fit- for- 
purpose in modern clinical settings. It is time for a 
critical reappraisal of double- checking policies and 
innovation is required.
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