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Summary

The aim of this study was to assess the impact of differences in drug label information on injectable

drug selection errors. Differences in the display of drug strength information were assessed in a

randomised controlled trial involving ward nurses, intensive care nurses, nurse anaesthetists, ward

physicians, and anaesthetists. A set of 24 on-screen tasks were constructed. For each task, a label

corresponding to an instruction consisting of two from three possible pieces of information
(concentration, quantity, volume) had to be selected from a list of 10 items. The set was presented

three times to participants using three different label formats. Format A provided two pieces of

strength information different from those in the instruction. Format B and C provided all three

pieces in a random and a fixed sequence, respectively. The frequency of errors was statistically
higher with formats A and B than with format C, and greater in nurses than in anaesthetists.

Regulatory bodies should therefore implement a standard requiring that the concentration

(expressed in ‘mg.ml™"), the amount and the volume of drug be displayed on medication labels

in fixed locations.
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Incorporating safety into the design of healthcare systems
is essential for the prevention of medical errors [1]. In
practice, however, many hospital care processes have not
been designed for safety. Rather, they have developed
over time and often contain intrinsic system weaknesses.
One example is the design of drug labels. Labels represent
the main ‘drug/user’ interface, and numerous case reports
[2, 3] suggest that their characteristics, such as the drug
name, type-face, colour coding or expression of drug
strength greatly contribute to the incidence of medication
errors. However, the impact of drug label design on
human performance has received little attention. Studies
have shown that print characteristics affect the readability
of labels [4, 5], and that orthographic and phonetic
similarity between drug names increases the probability of
a false recognition error [6]. Printing a section of a drug
name in capital letters has been shown to reduce errors in
drug name recognition [7, 8].

As calculation errors are common amongst healthcare
professionals [9—11], several authors have advised that the
display of drug strength information on injectable medi-
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cation labels be standardised [10, 12]. To understand the
potential impact of this measure on human reliability, we
designed a computer-based experiment to compare the
effect of three different drug strength information formats,
incorporating various levels of standardisation, on the
frequency of drug selection errors made by groups of
healthcare professionals.

Methods

Study population

Five different professional groups (ward nurses, intensive-
care nurses, nurse anaesthetists, ward physicians, anaes-
thetists) each group consisting of 15 volunteers, were
involved in the experiment. The volunteers, who were
recruited in the institution by an advertising campaign,
were informed of the aim and design of the study,
gave their written consent, and received monetary
compensation of approximately €15. The protocol
was approved by the institution’s ethical committee for
human research.
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Study design

In this randomised experiment, health professionals were
asked to complete a series of 72 on-screen tasks in a
dedicated room. For each task, a target drug instruction
appeared at the top of the computer screen and a list of 10
drug labels were displayed below. Of the list, only one
label matched the instruction. Participants were asked to
select the correct label by clicking on the corresponding
radio button. A radio button tagged ‘no corresponding
label” was also available.

Three types of target drug instruction were used:
quantity and volume of the drug, volume and concen-
tration, and quantity and concentration. Concentration,
quantity and volume were expressed in mg.ml™', mg and
ml, respectively.

The series of on-screen tasks was based on an initial set
of 24 distinct tasks (eight tasks per type of target drug
instruction), which were presented three times to partici-
pants. For each presentation, a different format for
displaying drug strength information on the 10 labels
was used (Fig. 1).

Format A: incomplete information. This format was
particular in that only two of three pieces of information
(l.e. quantity and volume of the drug, volume and
concentration, quantity and concentration) were shown
on drug labels. Half of the labels were of the same type as
the target drug instruction but the correct label was always
of a different type. For instance, if the instruction stated
the quantity and volume, five labels on the list contained a
quantity and a volume, and five, including the correct
label, mentioned a concentration and either a volume or a
quantity. Furthermore, for this particular format, the
concentration on drug labels was expressed in mg.ml™" in
half of the tasks and as a percentage (%) otherwise.

Format B: complete information (concentration expres-
sed in mg.ml™" only, quantity, and volume of the drug)
in a random sequence that differed on each of the drug
labels;

Format C: complete information (concentration expres-
sed in mg.ml™" only, quantity, and volume of the drug) in a
fixed sequence (concentration, quantity, volume) on all
drug labels.

In all three drug strength information formats, quantity
and volume on drug labels were expressed in mg and ml,
respectively.

Within each set of 24 tasks, the sequence of tasks was
randomised once for all and was therefore identical for
each participant. To neutralise the effect of learning or
accumulating fatigue, each participant performed the
three sets presented in a random sequence.

Each participant, who carried out 72 tasks overall, was
provided with two examples before starting the three sets.
Participants were given up to 60 s to complete each task.
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Figure 1 Examples of on-screen tasks for drug strength infor-
mation formats A, B, and C.

Data collection

For each task, data collected comprised the answer, the
response time, the presentation sequence of the three
sets, the drug strength information format, the type of
target drug instruction, the professional group, and the
participant’s identification number. For drug strength
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information Format A (incomplete information), the
concentration unit (mg.ml~' or percentage) was also
noted.

Statistical analysis

The main dependent variable was selection error, defined
as anything other than the right answer. Secondary
outcomes were ‘drug label not found’ selection error
(defined as either ‘no corresponding label” answer or no
answer within 60 s), and response time. The independent
variables were the presentation sequence of the three sets,
type of target drug instruction, drug strength information
format, concentration units (mg.ml™' or percentage) and
professional group. The 75 participants and 72 tasks were
also identified.

The frequencies of selection errors, ‘drug label not
found’ selection errors and response time were obtained
for levels of each independent variable. Univariate and
multivariate analyses were conducted using generalised
linear models. To account for the dependency in an
individual’s answers, we performed these analyses using
generalised estimation equations, with the participant’s
identification number used as grouping variable, and the
correlation matrix set to ‘exchangeable’. Comparisons of
selection error frequencies across participants were done
using Pearson’s Chi-squared test.

A p value of <0.05 was considered statistically
significant. All calculations were performed using STATA
8.2.

Table 1 Univariate results.
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Results

Seventy-five participants completed 72 tasks each, pro-
ducing a total of 5400 tasks. Overall, 722 (13.4%) of the
answers corresponded to selection errors, among which
331 (6.1%) were ‘drug label not found’ selection errors.
Mean response time and standard deviation were 21.7 and
13.4 s, respectively (median 17 s).

The frequency of errors was higher for drug strength
information displayed in formats A (mean error rate
29.7%) and B (6.4%) than in format C (4.1%) (Table 1).
In multivariate analysis as well (Table 2), the most
complete and standardised format, C, led to the least
number of errors. The error rate was also higher for
the eight instructions that mentioned the quantity and
volume of the drug, than for those that incorporated the
concentration (Tables 1 and 2). This was also observed
for tasks where labels included the percentage symbol as
concentration unit, rather than mg.ml™'. Anaesthetists
produced fewer errors than other physicians and than the
nursing groups. This pattern of results was similar for
‘drug label not found’ selection errors, except that this
type of error did not depend on the type of target drug
instruction, and varied less with the professional group
(Table 1). Mean response times differed considerably
according to drug strength information formats and
increased with the use of percentage as a concentration
unit, but differences across professional groups were small
(Table 1).

Drug selection error

‘Drug label not

found’ selection error Response time

Frequency
(%) % p value* % p value* Mean p value*
Drug strength information format p < 0.001 p < 0.001 p < 0.001
A: incomplete 1800 (33.3) 29.7 14.4 30.3
B: complete, random order 1800 (33.3) 6.4 2.9 18.6
C: complete, fixed order 1800 (33.3) 4.1 1.1 16.1
Concentration unit p < 0.001 p < 0.001 p < 0.001
mg.ml’1 4500 (83.3) 9.1 4.1 19.5
% 900 (16.7) 34.9 16.2 324
Type of target drug instruction p < 0.001 p =0.89 p < 0.001
Quantity and volume 1800 (33.3) 17.3 6.4 22.3
Concentration and volume 1800 (33.3) 10.6 6.0 20.7
Concentration and quantity 1800 (33.3) 12.2 5.9 21.9
Professional group p < 0.001 p =0.09 p =0.03
Nurse 1080 (20.0) 19.0 7.7 24.5
Nurse anaesthetist 1080 (20.0) 1.5 6.8 21.3
Nurse intensive care 1080 (20.0) 16.9 6.9 21.9
Ward physician 1080 (20.0) 15.5 6.7 20.6
Anaesthetist 1080 (20.0) 4.0 2.6 20.0

*From generalised estimation equations model.
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Table 2 Odds ratios of a drug selection error adjusted for all
variables in table. Values are odds ratio (95% CI) and p value.*

Drug strength information format

A: incomplete 9.1 (6.6-12.7) p < 0.001
B: complete, random order 1.7 (1.2-2.3) p = 0.001
C: complete, fixed order 1.0
Concentration unit
(drug strength information format A only)
mg.ml™’ 1.0
% 1.8 (1.4-2.2) p < 0.001
Type of target drug instruction
Quantity and volume 2.1 (1.7-2.6) p < 0.001
Concentration and volume 1.0
Concentration and quantity 1.2 (1.0-1.5) p =0.08
Professional group
Nurse 14.1 (6.9-28.9) p < 0.001
Nurse anaesthetist 4.8 (2.3-10.1) p < 0.001
Nurse intensive care 123 (6.0-25.2) p < 0.001
Ward physician 8.8 (4.3-17.9) p < 0.001
Anaesthetist 1.0

*From generalised estimation equations models.

Analysis of 75 participants

The frequency of selection errors varied between 0.0%
and 40.3% across individuals (p < 0.001), with a mean
of 13.4% and a standard deviation of 10.9%, as well
as between participants within professional groups
(p < 0.01). This frequency varied less amongst anaesthet-
ists than in other professional groups (Fig. 2a). The
average response time ranged from 13.6 s to 32.8 s, with
a standard deviation of 4.4 s. The mean error rate and the
average response time were moderately correlated across
the 75 individuals (Pearson r = 0.42).

Analysis of 72 tasks

The mean frequency of selection errors per target
instruction ranged from 0.0% to 53.3%, with a mean of
13.4% and a standard deviation of 13.6%. More variation
in error frequencies was observed in drug strength
information Format A than in Formats B and C (Fig. 2b).
The average response time ranged from 11.4 s to 43.2 s,
with a standard deviation of 7.1 s. The mean error rate
and the average response time for the 72 prescriptions
were closely correlated (Pearson r = 0.90). This correla-
tion decreased somewhat if ‘drug label not found’
selection errors and corresponding response times were
eliminated (Pearson r = 0.74).

Discussion

In our study we have demonstrated that standardising the
format of drug strength information presented on labels
for injectable medication, substantially improves human
performance during selection tasks. In that respect, the
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Figure 2 Drug selection errors frequency per participants within
professional groups (a) and per tasks within drug strength
information formats (b). a) W-N, ward nurses; ICU-N, inten-
sive care nurses; W-P: ward physicians; N-A, nurse anaesthetists;
A, anaesthetists; b) A: incomplete drug strength information
format; B: complete drug strength information format, random
order; C: complete drug strength information format, fixed
order. Example of a reading: (a) 11 anaesthetists (73.3% of
participants; n = 15) made 0-4 errors (error rate: 0-5.6%,
n=72); (b) in drug strength information format C, 18 tasks
(75.0% of tasks; n = 24) were responsible for 0—4 errors (error
rate: 0%-5.3%; n = 75).

study confirms prior expectations regarding drug label
standardisation and provides an early insight into the
potential magnitude of its impact.

Standardised labels mentioning the concentration,
amount and volume, with the concentration expressed
in ‘mg.ml™", produced the lowest rate of selection errors
and the most rapid selection of the correct product.
Indeed, by providing full drug strength information,
standardisation removes the requirement for mental
calculation, an activity prone to errors, especially when
participants have to calculate concentration from amount
and volume or convert concentrations expressed as a
percentage. However, extending standardisation by dis-
playing the concentration, quantity and volume at fixed
locations on the label further improves human perform-
ance. This is probably because this feature helps users spot
details of drug strength information for the identification
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of medication. Indeed, although mental calculation was
no longer required, the rate of ‘drug not found’ selection
errors was substantially reduced when the order of the
information was fixed rather than variable.

However significant the error prevention mechanism
produced by standardisation, it has to be borne in mind
that medication errors are in essence systemic. Although
standardisation reduced variations in the rate of selection
errors between professional groups, anaesthetists still
performed better than the other groups, a finding already
noted by others [11]. However, large differences are
noted between individuals. This observation emphasises
that the reliability of the medication process will only
significantly increase if all stakeholders contribute to this
objective. Pharmaceutical companies need to improve the
design of drug labels, and nursing and medical schools
as well as other healthcare organisations will have to
implement ways of improved selection and training of
healthcare professionals with regard to arithmetic skills.

Although striking, our results were obtained using a
computer-based simulation, and the question remains if
they can be extrapolated to real-life healthcare settings.
First of all, to achieve adequate statistical power, we put
professionals in an artificial situation where they had to
choose drug strength from 10 options — an unlikely
clinical scenario. Most of the time, indeed, available
strengths are few, and frequently only one is available. In
addition, participants were not influenced by factors such
as stress, workload or work environment that affect
human performance in real conditions. Consequently, the
error rates and response times we measured should not be
seen as directly applicable to real-life human performance.
However, professionals occasionally have to calculate
whether or not the drug they intend to use is the correct
strength: a change of supplier might mean a different type
of packaging, or new staff might be unfamiliar with local
medication available. Confusions over drug strengths will
then occur. In such instances, and whatever the uncer-
tainty attached to our figures, it is still likely that the
benefit provided by removing the need for mental
calculation by using a standardised format of drug strength
information will remain valid.

Our simulation also partly mimicked the variety of
situations in which drug strengths are used. Indeed,
participants were asked to select a specific strength from
amongst several available. However, we did not explore
the alternative where professionals have to calculate a
volume from drug strength information on the label.
Although this should be confirmed in another similar
experiment, our hypothesis is that the same error
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prevention mechanism associated with standardisation
will be seen.

Given the potential hazards conveyed by the admin-
istration of most drugs in solution, and although some
exceptions should be considered for biological products
such as vaccines [13], international and national regulatory
bodies should implement a standard requiring that the
concentration is expressed in mg.ml~', with the amount
and the volume displayed on medication labels at fixed
locations.
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