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edication errors are a source of sig-

nificant morbidity and mortality

among hospital patients worldwide.
A United States study found that drug compli-
cations were the most common type of adverse
hospital event, accounting for 19% of all these
events." An adverse drug event is defined as
any injury related to the use of a drug? The
risk of a medication error causing an adverse
drug event is increased by difficult and time-
critical circumstances.

A recent qualitative study highlighted a
myriad of factors that may lead to a prescribing
error — drug choice, route or dose, or drug
omission.> Each drug administration is a com-
plex process, involving up to 40 individual
steps.” The risk of an adverse event is
increased when the patients condition is
unstable, or the drug is administered intrave-
nously.!

Studies in the United Kingdom>® and the
US’ have investigated hospital doctors’ ability
to calculate and prescribe drug doses accur-
ately, and the effect of education programs on
this skill. Junior doctors were identified as
being at particular risk of making medication
errors and highlighted as a target for educa-
tion.”® Studies have also tested calculation and
prescribing skills of nurses”!® and paramed-
ics.!'' A study of intensive care physicians
found that most medication errors were in
dosing, which is consistent with the finding
that doctors have difficulty converting
between ratios, mass concentration and per-
centages.’” To our knowledge, no similar
research has been conducted in Australia.

This study aimed to describe the ability of
doctors to calculate drug doses and their
workplace prescribing and calculation habits
at an Australian tertiary hospital.

METHODS

This prospective, observational study was con-
ducted at a 570-bed major metropolitan teach-
ing hospital that serves both adult and
paediatric populations. The study was
approved by the hospitals ethics committee.

Questionnaire

Data were collected using a two-part question-
naire. The first part asked for demographic
data and workplace prescribing habits using
five-point Likert scales (Box 1). The second
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ABSTRACT

Objective: To assess the ability of doctors to calculate drug doses and their workplace

prescribing and calculation habits.

Design and setting: Prospective, questionnaire-based observational study conducted
at a 570-bed teaching hospital in February 2007.

Participants: Convenience sample of 190 doctors, representing all acute medical and
surgical disciplines and diverse levels of experience.

Main outcome measures: Demographic data, self-reported prescribing habits,
predicted score on a 12-item test of ability to calculate drug doses, score considered

adequate for peers, and actual score.

Results: 141 doctors (74%) completed the questionnaire. The mean actual score on the
test was 72.5% (95% Cl, 67.8%—77.3%), which was similar to the group’s mean predicted
score (74.7%; 95% Cl, 71.0%—~78.5%) but significantly lower than the mean of the score
they considered adequate (91.6%; 95% Cl, 89.5%-93.8%) (P<0.001). Subgroup analyses
showed that senior doctors and those in critical care specialties (intensive care,
emergency medicine and anaesthesia) achieved significantly higher actual scores than
junior doctors and those in non-critical care specialties, respectively.

Conclusions: Doctors expect their colleagues to perform significantly better in a drug-
dose calculation test than they expect to, or can achieve, themselves. Junior staff and
those in non-critical care specialties should be targeted for education in the skill of drug-
dose calculation to reduce the risk of medication error and its consequences.
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part comprised a drug-dose calculation test.
Before undertaking the test, doctors were
asked to estimate their score (“predicted”
score), and the score they regarded as ade-
quate for their peers (“adequate” score), on
visual analogue scales.

The drug-dose calculation test comprised
12 questions (Box 2) modelled on those used
in previous studies, which have been validated
in study populations of up to almost 3000
participants.”” For the purpose of the study, a
drug-dose calculation was defined as the proc-
ess of formulating a dose based on the patient’s
weight, or finalising the correct dose of a
particular drug for a specific patient where
conversion between measurement systems
was required (eg, percentage to mass per unit
volume). The test used drug doses recognised
in Australian clinical practice.'***

The questions were based on common adult
and paediatric clinical scenarios, focusing on
parenteral drug administration because of its
higher risk. Each question gave enough infor-
mation for doctors to answer, even if they did
not regularly use the drug or practise in similar
clinical situations. The questions aimed not to
test doctors’ knowledge of drug doses, but
rather to isolate their mathematical and prob-
lem-solving ability in drug-dose calculation.

Four questions were posed on each type of
formulation in which drug concentrations in
solution are commonly expressed: mass per
unit volume, ratios and percentages.

Missing answers were scored as incorrect.
The score out of a possible 12 was converted
to a percentage (actual score). Predicted and
adequate scores were also expressed as per-
centages.

Study population

The questionnaire was distributed over a 3-
week period in February 2007 to a convenience
sample of medical staff with diverse levels of
experience. All acute medical and surgical disci-
plines were included. Medical officers working
in psychiatry were excluded, as the question-
naire focused on acute medical scenarios that
are less common in psychiatric practice.

The questionnaires were distributed during
staff meetings within work hours. This was
done without prior knowledge of doctors, to
avoid participants either preparing for or
avoiding the test. Questionnaires were col-
lected immediately after completion. The sur-
vey was anonymous, calculators were
permitted, and no rigid time limit was set,
although 15 minutes was suggested.
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Statistical analysis

Before analysis, all variables were examined
using SPSS, version 14.0 (SPSS Inc, Chicago,
Ill, USA) for missing values, outliers and
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Paired sample t tests were used to detect any
significant difference in mean adequate, pre-
dicted and actual percentage scores. Bonfer-
roni correction was used for three-way paired ¢
tests, leading to an o value of 0.017 (0.05/3)

accuracy of data entry.

1 Workplace prescribing and dose-calculation habits and possible replies

Habit 5-point Likert scale

How often do you need to calculate a drug dose? = 2x/day, 1x/day, weekly, monthly, never

Have you ever made a drug dose calculation error?  Yes, likely, possible, unlikely, never

When calculating drug doses, do you double-check
your own calculations?

Always, mostly, sometimes, hardly, never

When calculating drug doses, do you check the dose Always, mostly, sometimes, hardly, never
with a second person?

How often are you formally tested or have you had
formal training in drug dose calculation?

3-monthly, 6-monthly, yearly, once, never

How adequate do you feel your training has been
regarding the skill of drug dose calculation?

None, poor, average, good, excellent

2 Drug-dose calculation test and answers, and percentage of doctors who
answered correctly

% correct

Question Answer (n=141)

1: Lignocaine is available in 20 mL vials of 1%.
How much lignocaine, in milligrams (mg), is in the vial?

200mg 67%

2: You plan to suture an 80kg patient. Given the maximum safe dose 12mL 65%
of lignocaine is 3mg/kg, what is the maximum safe volume, in mL, of

2% lignocaine solution that can be given?

3: A 20mL ampoule containing 0.25% bupivacaine contains how many
milligrams per millilitre (mg/mL) of bupivacaine?

25mg/mL  60%

4: You are treating a 25 kg girl with a fractured femur requiring a 20mL 62%
femoral nerve block. The maximum safe dose of bupivacaine is 2mg/kg.

What is the maximum safe volume of 0.25% bupivacaine, in mL?

5: How many mL of 1:10000 solution would you need to obtain 1 mg 10mL 81%

of adrenaline?

6: How many micrograms (mcg) of adrenaline is there in a 10mL ampoule
of 0.25% bupivacaine with adrenaline 1:400000 solution?

7: You are attending the cardiac arrest of a 60-year-old male. How TmL 80%
many mL of 1:1000 adrenaline do you need to give a dose of 1mg
of adrenaline?

25mcg 45%

8: A 4-year-old on your ward is in cardiac arrest. He weighs 16 kg. The dose 1.6 mL 75%
of intravenous adrenaline in paediatric arrest is 10 mcg/kg. How many mL

of 1:10000 adrenaline will you need to draw up for a single dose?

9: Atropine “Mini-Jets” are found on emergency trolleys in our hospital.
Each 10mL “Mini-Jet” contains 1 mg of atropine. What is the
concentration, in mg/mL, of this solution?

0.1mg/mL  91%

10: A 45kg female patient develops symptomatic bradycardia. You elect to 9mL 77%
treat this with atropine, 20 mcg/kg, given intravenously. How many mL of
an atropine “Mini-Jet” (1 mgin 10 mL) will be required?

11: Your team is doing an emergency intubation on a 15kg child using 3mL 77%
suxamethonium. The dose of suxamethonium in children is 2 mg/kg.

Suxamethonium is supplied in vials of 100 mg in 2mL. To prepare this drug

for use, one vial of suxamethonium is diluted with normal saline to 10 mL

total volume. How many mL of this solution are required for a single dose?

12: You plan to sedate a 25 kg child with midazolam. A vial of midazolam 0.5mL 89%
has 15mg in 3mL. The intravenous sedation dose of midazolam for

children is 0.1 mg/kg. How many mL will you need to draw up?

for these comparisons. For continuous vari-
ables, one-way analysis of variance (ANOVA)
and Student’s independent t test were used to
compare demographic groups. For categorical
data, the ¥* test was used to detect differences
in proportions. An a value less than 0.05 was
deemed statistically significant.

RESULTS

The questionnaire was distributed to 190 doc-
tors and returned by 142 (75% response rate).
One respondent did not answer any demo-
graphic questions and was excluded, leaving
141 valid questionnaires for analysis.
Characteristics of the 141 participants are
summarised in Box 3. There were few missing
data (less than 5% for any specific variable).

Drug-dose calculation scores

Eighty per cent of doctors considered that a
score of 90% or more on the test would be
adequate. However, only 28% of participants
scored over 90%, and 44% achieved less than
75%.

All 141 participants answered all test ques-
tions, with the exception of two participants
who each left a single question unanswered.
These were coded as incorrect.

The mean test score achieved by partici-
pants is shown in Box 4, along with the mean
predicted score and the mean score they con-
sidered adequate. The mean score considered
adequate (91.6%; 95% CI, 89.5%-93.8%)
was significantly higher than both the pre-
dicted score (74.7%; 95% CI, 71.0%—-78.5%)
and actual score (72.5%; 95% CI, 67.8%—
77.3%) (P<0.001 for both comparisons).

Consultant and registrar staff achieved
higher actual scores than junior staff (mean
score, 85.0% v 57.8%, P<0.001), as did doc-
tors in “critical care” specialties (intensive care,
emergency medicine and anaesthesia) com-
pared with non-critical care doctors (83.0% v
63.5%, P<0.001). Anaesthetists had the high-
est scores of all specialty groups. No significant
differences in scores were found between the
sexes or between different countries of training.

Workplace prescribing habits

Almost 80% of participants said they had
never had formal testing of their drug-dose
calculation skills, either as part of their
employment conditions or in compulsory
continuing medical education, such as college
training. Nevertheless, 83% of participants
indicated they need to calculate a drug dose at
least once a week. Participants who undertook
drug-dose calculations twice or more per day
had a mean actual score of 82.8%, compared
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3 Demographic characteristics of the
study population (n=141)

% of
No. total
Sex
Men 96 68%
Women 45 32%
Level of training
Junior (< 3 years) (n = 65)
Intern 38 27%
Junior house officer 17 12%
Senior house officer 10 7%
Senior (>3 years) (n=76)
Registrar 44 31%
Consultant 32 23%

Specialty
Critical care (n=65)

Emergency medicine 32 (15/17)* 23%
Intensive care 9 (4/5) 6%
Anaesthesia 24 (2/22) 17%
Non-critical care (n=76)
Medicine 37 (21/16) 26%
Surgery 28 (19/9) 20%
Paediatrics 11 (4/7) 8%
Country of medical degree
Western-trained (n=121)
Australia 100 71%
New Zealand 4 3%
United Kingdom/ 14 10%
Ireland
Other European 3 2%
country
Non-Western-trained (n = 20)
India 8 6%
Other 12 9%

*Values in parentheses are the numbers of junior/
senior doctors. .

with 50.8% for those who stated they never
used the skill (P=0.004).

Participants who indicated they had made a
previous drug-dose mistake scored higher
than those who indicated they had “never”
made a mistake (mean actual score, 90.6% v
62.7%, P=0.006).

Most doctors (89%) said they “mostly” or
“always” double-check their own drug-dose
calculations. The 11% of participants who
stated they always had another staff member
check their calculated doses performed worst
in the calculation test (ANOVA, P<0.001).

Drug formulations

Almost all doctors surveyed (96%) preferred
milligrams per millilitre (mg/mL) as the for-

4 Mean of scores achieved by participating doctors (actual score), scores they
predicted they would achieve, and scores they judged as adequate

Mean score (SEM)

Actual score*

Predicted score’ Adequate score’

Total (n=141)

Sex

Men (n=96)
Women (n=45)
Seniority of doctor

72.5% (2.4%)

74.1% (2.8%)
69.1% (4.4%)

57.8% (3.5%)*
85.0% (2.5%)

Junior (< 3 years) (n=65)
Senior (> 3 years) (n=76)
Specialty

Critical care (n=65)
Non-critical care (n=76)

83.0% (2.8%)*
63.5% (3.4%)
Country of medical degree
Western (n=121)
Non-Western (n=20)

74.0% (2.6%)
63.3% (6.5%)

74.7% (1.9%) 91.6% (1.1%)

76.4% (2.4%)
71.1% (3.3%)

90.2% (1.5%)
94.3% (1.1%)

63.2% (3.0%)*
84.8% (1.9%)

89.5% (1.8%)
93.3% (1.2%)

80.5% (2.8%)¢
69.8% (2.7%)

93.4% (1.1%)
90.0% (1.7%)

73.9% (2.2%)
79.7% (3.8%)

92.0% (1.1%)
89.0% (3.1%)

SEM = standard error of the mean. * Mean percentage score on the 12-item questionnaire.
T Participants indicated expected and adequate scores on a visual analogue scale.
$P<0.001 for subgroup comparison. § P<0.01 for subgroup comparison. *

mulation for drug labelling. Doctors per-
formed significantly better on questions
involving drug concentrations expressed as
mg/mL compared with those involving per-
centages (83.3% v 63.4%, P<0.001) or ratios
(83.3% v 70.2%, P<0.001). This finding was
consistent over the subgroups.

Senior doctors scored higher for all formula-
tions than junior doctors: 83.6% v 40.8%
(percentage formulations); 82.6% v 55.8%
(ratios), and 88.8% v 77.0% (mg/mL)
(P<0.001 for all comparisons). Critical care
doctors also scored higher than non-critical
care doctors: 76.5% v 53.0% (percentages),
81.5% v 60.5% (ratios) and 90.8% v 77.0%
(mg/mL) (P<0.001 for all).

DISCUSSION

This study found that doctors expected a
higher level of skill in drug calculation from
their peers than they were able to achieve
themselves. Furthermore, junior doctors and
those working in non-critical care areas scored
lower on a drug-dose calculation test. Both
these groups reported that their previous edu-
cation in drug calculations was less than ade-
quate when compared with more senior
doctors and those working in critical care
areas.

Doctors” self-predicted and actual scores
were similar, suggesting they have good insight
into their own skill and limitations. However,
the mean score judged as adequate was signifi-
cantly higher than the mean score the doctors
achieved themselves: 80% of participants

MJA o Volume 190 Number 3 e 2 February 2009

expected a colleague to score 90% or more to
practise adequately in a clinical environment.
These high expectations, and the group’ fail-
ure to achieve them, raise medicolegal con-
cerns about the criteria doctors use to judge
their peers. In a US study, 83% of 175
respondents believed prescribing errors were
unacceptable and should not occur.*

A UK study found that doctors generally
had a poor level of skill in calculating drug
doses.”® We found similarly that junior and
newly graduated doctors perform most poorly,
and that critical care doctors perform best.
Within the critical care specialties, we sur-
veyed a relatively large number of senior
anaesthetists, partly explaining the higher
scores in this group.

Strikingly, participants who stated they had
“never” or “unlikely” ever made a mistake in a
drug-dose calculation scored significantly
lower (62.7%) in the calculation test than
those who admitted to past errors (90.6%).
This result may be accounted for by the more
experienced doctors, who performed better
but had longer careers in which to make a
mistake. However, it also raises concern that
some doctors may lack insight into their ability
and overestimate their skill, thus being una-
watre of their current or past mistakes.

Reassuringly, most doctors in our study
(89%) said they “mostly” or “always” double-
check their own drug-dose calculations. This
is a higher proportion than in a US study,"’
which showed that only half of interns always
double-checked their calculated doses. It is
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difficult to know whether our results truly
reflect better workplace practices in Australia,
as it has been shown repeatedly that self-
reported compliance with desired behaviour is
higher than objectively measured compli-
ance.’>1% However, doctors who performed
worst in the calculation test were most likely to
have a second staff member check their calcu-
lated doses. This reflects awareness of their
deficiencies and supports the belief that the
self-reporting of workplace habits was accu-
rate.

Our study also supports previous argu-
ments for standardised drug labelling.>®!"
Nearly all doctors preferred solutions to be
expressed in mg/mL. This preference was sup-
ported by significantly higher scores for calcu-
lations involving concentrations expressed as
mg/mL. Concentrations expressed as percent-
ages or ratios resulted in more calculation
errors, potentially leading to adverse
events,>6:1819

Standardising the units for drug concentra-
tions in solution to mass per unit volume
would lessen the risk of error by reducing the
complexity of dose calculation, particularly in
time-critical, high-stress areas® These strate-
gies for risk reduction have been effective in
the aviation and nuclear industries*” and are
well suited but underutilised in acute care
medicine.

Some may argue that a written test is a poor
predictor of the true performance of doctors in
clinical practice. However, residents who show
poor calculation skills in a written examination
are likely to perform even more poorly under
stressful conditions.'®

It is of concern that over three-quarters of
participants (79%) reported never being tested
in the skill of drug-dose calculation during
their careers, suggesting this skill is assumed.
One doctor calculated a dose that was 1000
times the correct dose (Question 7, Box 2).
Doctors need to be trained to identify “alarms”
that a dose calculation is incorrect or danger-
ous.?° Directly achievable recommendations to
reduce errors include encouraging safe work-
place practices such as double-checking ones
own calculations, cross-checking with another
staff member, and utilising web-based medica-
tion programs.

Our study had a number of limitations. The
newly constructed questionnaire was not vali-
dated, although it was derived from previously
used and validated surveys. We cannot
exclude the possibility of selection bias, but
the response rate was high (74%), from a large
representative sample of the hospitals medical
staff, and few data were missing. Although
some potential participants may have declined
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to participate if they expected to perform
poorly, this would have biased towards higher
actual scores, which is alarming given the
generally poor scores achieved. Lastly, it was
beyond the scope of this study to assess
whether incorrect calculations would have led
to clinical errors and affected patient out-
comes.

This study showed that the doctors sur-
veyed expected a higher level of skill in calcu-
lating drug doses from their colleagues than
they achieved or expected of themselves. In
addition, junior doctors and those in non-
critical care specialties performed more poorly,
clearly confirming the need for improved
teaching of drug-dose calculations to medical
students and junior staff.*!**

To address calculation, mathematical pro-
cess and arithmetic errors, we recommend
ongoing training and enforcement via formal,
regular assessment of skill in calculating drug
doses for all doctors.”8121723:2* T this way,
the skill levels of individual doctors may be
more likely to reflect the high expectations
they have of their colleagues. Since the com-
pletion of this study, we have been approached
by the hospitals medical education office to
run formal training sessions on this skill for
intern staff. This will enable us to conduct
further, more robust, research.>?
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