Research
Systematic evaluation of errors occurring during the
preparation of intravenous medication
Christopher S. Parshuram MB ChB DPhil, Teresa To PhD, Winnie Seto BScPhm PharmD,
Angela Trope MSc RPh, Gideon Koren MBBS, Andreas Laupacis MD MSc
@

See related article page 63

Abstract
Introduction: Errors in the concentration of intravenous
medications are not uncommon. We evaluated steps in the
infusion-preparation process to identify factors associated
with preventable medication errors.
Methods: We included 118 health care professionals who would
be involved in the preparation of intravenous medication infusions as part of their regular clinical activities. Participants performed 5 infusion-preparation tasks (drug-volume calculation,
rounding, volume measurement, dose-volume calculation, mixing) and prepared 4 morphine infusions to specified concentrations. The primary outcome was the occurrence of error (deviation of > 5% for volume measurement and > 10% for other
measures). The secondary outcome was the magnitude of error.
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Results: Participants performed 1180 drug-volume calculations, 1180 rounding calculations and made 1767 syringe-volume measurements, and they prepared 464 morphine infusions. We detected errors in 58 (4.9%, 95% confidence interval
[CI] 3.7% to 6.2%) drug-volume calculations, 30 (2.5%, 95% CI
1.6% to 3.4%) rounding calculations and 29 (1.6%, 95% CI 1.1%
to 2.2%) volume measurements. We found 7 errors (1.6%, 95%
CI 0.4% to 2.7%) in drug mixing. Of the 464 infusion preparations, 161 (34.7%, 95% CI 30.4% to 39%) contained concentration errors. Calculator use was associated with fewer errors in
dose-volume calculations (4% v. 10%, p = 0.001). Four factors
were positively associated with the occurence of a concentration
error: fewer infusions prepared in the previous week (p =
0.007), increased number of years of professional experience
(p = 0.01), the use of the more concentrated stock solution (p <
0.001) and the preparation of smaller dose volumes (p < 0.001).
Larger magnitude errors were associated with fewer hours of
sleep in the previous 24 hours (p = 0.02), the use of more concentrated solutions (p < 0.001) and preparation of smaller infusion doses (p < 0.001).
Interpretation: Our data suggest that the reduction of
provider fatigue and production of pediatric-strength solutions
or industry-prepared infusions may reduce medication errors.
Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/178/1/42/DC1
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edication errors are a major cause of preventable
patient harm. 1–7 Generic practices to prevent
these errors include pharmacy centralization,8,9
specialization of practitioners,10,11 standardization of drug
concentrations 9 and reduction of fatigue of health care
workers.12,13 These practices have been legislated and applied based on empirical ideas in the absence of high-grade
evidence.9
Current pharmaceutical regulations require that intravenously delivered medications be within 10% of the stated
concentration.14 More stringent requirements are in place in
some jurisdictions.15 Direct assessment of intravenous drug
infusions received by patients has suggested that up to 65%
of infusions have unacceptable concentrations by industry
standards despite routine safety practises.16–23 We performed
a systematic evaluation of the preparation process for intravenous infusions to identify factors associated with preventable medication errors.

Methods
Study design
We performed a direct observational study in a structured,
nonclinical environment. We included qualified health care
professionals (physicians, registered nurses, pharmacists and
pharmacy technicians) who would be involved in the preparation of intravenous drug infusions. Participants were recruited from March 2003 to February 2004 by informal contact and self-identification to the study team. After
completing a survey to describe their individual characteristics,
participants were asked to perform 10 drug-volume calculations;24 to round 10 numbers to match specified syringe graduations; to draw 5 volumes of water into each of 1-mL, 3-mL and
60-mL syringes; and to prepare 4 infusions of morphine sulfate
at the following concentrations: 0.6 (2 infusions), 2.4 and
7.3 mg/50 mL. The 2 infusions of 0.6 mg/50 mL were preFrom the Department of Critical Care Medicine (Parshuram), the Department of Pharmacy (Seto, Trope), the Center for Safety Research, Child Health
Evaluative Sciences Program (Parshuram, To, Seto, Trope, Koren), the Research Institute, The Hospital for Sick Children; the Departments of Paediatrics (Koren), and Health Policy Management and Evaluation (To, Laupacis),
University of Toronto; and the Institute for Clinical and Evaluative Sciences
(Laupacis), Toronto, Ont.
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pared from different commercially available stock solutions
(2 mg/ml, 10 mg/mL). Both of the other morphine infusions
were prepared from a 10-mg/mL stock solution. Calculators
were readily available to participants, and we document calculator use for each calculation. After preparing the infusions,
participants were asked to rate the accuracy of solutions they
had prepared.
A registered nurse administered the survey to the participants and read the instructions aloud for the infusionpreparation tasks and for preparation of the morphine infusions. A second observer ensured that the instructions were
read clearly and correctly to the participant, and this observer
independently verified the measurements. Differences were
resolved by consensus. Water was weighed with an accurate
balance that was calibrated monthly. The study environment
temperature was 20°C–22°C. Correction for the density of
water was not performed. We collected 2 samples (1 mL each)
from the first and last 5 mL of each prepared morphine infusion, and the samples were stored at –20°C in glass vials.
Morphine is stable under these conditions.25–27
We measured the concentrations of the prepared morphine infusions using a high-performance liquid chromatography assay. 28 A 6-point standard curve was constructed over the interval 0–0.5 mg/mL. During the course of
the study, 3 separate batches were processed (r2 ≥ 0.9998,
p < 0.001). We adjusted for differences in molecular weights
of morphine sulfate used to calculate the standard curve in
the laboratory and the pentahydrate form used in the commercial preparations.17
To support the analysis of 10 variables and the subgroup
analyses, we chose a sample size of 120 participants.29 The
study was approved by the research ethics board at The Hospital for Sick Children. All participants provided written consent.

Outcomes
The primary outcome was the occurrence of errors. An error
was considered to have occurred if a participant’s response or
prepared morphine infusion was outside industry standards.14,30,31 For measures with no industry standard, we used
accepted standards for intravenous medications (within 10%
of the expected concentration). Thus, we defined errors for
drug calculations, rounding, mixing and infusion concentrations as a deviation of 10% or greater from the expected
value.14 We defined volumetric error as a deviation of 5% or
greater from the expected volume.30,31 Secondary outcomes
were the number and magnitude of errors.

Data analysis
We entered the data in duplicate into a Microsoft Access
2000 database. Percentage error was calculated as follows:
percentage error = (measured concentration – ideal concentration) × 100/(ideal concentration).17 Percentage error introduced during the mixing phase of preparation was determined as follows: percentage error = (measured
concentration in the first 5 mL of the syringe – measured
concentration in the last 5 mL of the syringe) × 100/(mean
concentration in syringe). This modification removed the effect of any errors in the total amount of drug in the syringe;

thus, we could independently assess errors introduced by
mixing. In both formulas, a positive percentage error indicated measurements or responses that were greater than expected, and a negative percentage error indicated measurements or responses that were less than expected.
We classified prepared morphine infusions as having
2-fold errors if the concentration was more than double or
less than half the expected concentration. The magnitude of
error was represented categorically by the number of 2-fold
errors. Log-transformation of these data was used to counter
the skewed distribution that resulted from the use of percentage error as a continuous measure.
We used the χ2 test to compare individual characteristics
(profession, years of experience, number of infusions prepared in the previous week, number of hours of sleep in the
previous 24 hours) with the rate of errors. We calculated a
correlation matrix of the number of errors made by participants for each infusion-preparation task.
We used analysis of variance to assess the relation between professional background and magnitude of error in
infusion-preparation tasks. We used multiple regression
analyses to evaluate the frequency and magnitude of errors in
the prepared morphine infusions. First, we used linear regression analysis to analyze the number of infusions with errors. Second, we used repeated-measures regression analysis
to compare the number of errors and error magnitude (absolute log-transformed error) with 10 explanatory variables
(medication dose, stock-solution concentration, drugvolume calcuation, rounding, volume measurment, mixing,
fatigue, recent infusion preparation experience, professional
background and years of professional experience) (Figure 1).
In all regression analyses, the explanatory variables were represented as continuous values (except professional background). The least significant variable was eliminated in a
backward stepwise process, until only variables significant at
the 0.05 level remained.

Results
A total of 118 people agreed to participate. The largest proportion of participants were registered nurses (Table 1). Most
participants had prepared 1 or more infusions in the previous
week. In total, participants performed 1180 drug-volume calculations and 1180 rounding calculations. Participants also
made 1767 syringe-volume measurements and prepared 464
morphine infusions. For 13 infusion preparations, 1 of the 2
mixing samples was damaged during storage; thus, mixing
error was assessed for 451 (97.2%) of the infusions.

Accuracy of infusion-preparation tasks
We found errors in 58 (4.9%, 95% confidence interval [CI]
3.7% to 6.2%) drug-volume calculations, 30 (2.5%, 95% CI
1.6% to 3.4%) rounding calculations and 29 (1.6%, 95% CI
1.1% to 2.2%) volume measurements. We found 7 errors
(1.6%, 95% CI 0.4% to 2.7%) in the mixing of prepared infusions. Participants who had more than 10 years of professional experience were more likely than those with less experience to make 1 or more errors in rounding calculations
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(p = 0.003). There was no other significant relation between
errors and professional characteristics for any of the
infusion-preparation tasks. The number of errors made by
each participant in each infusion-preparation task was not
associated with the number of errors he or she made in any
other task (r = –0.09 to 0.12, all p > 0.30). The magnitude of
errors was not associated with professional characteristics
(Table 2).

Infusion preparation

Of the 58 errors in drug-volume calculations, 41 (3.5%)
were 2-fold or greater, and 14 (1.2%) were 10-fold errors (either 10 times greater or 10 times less than the correct answer). Participants used calculators for 973 (82.5%) of the
calculations. Calculator use was associated with fewer calculation errors (3.8% v. 10.1%, p < 0.001). The reduction in
2-fold errors with calculator use was not significant (3.1% v.
5.3%, p = 0.11).

Study measurements

Medication order
The dose and diluent volumes ordered
by the prescriber are identified

Participants were asked to prepare 4
morphine infusions in the following
concentrations:
0.6, 2.4, 7.3 and 0.6 mg/50 mL

Stock solution
The vial concentration is chosen from available
strengths produced by the manufacturer

2 solutions were provided:
• 10 mg/mL for the first 3 infusions
• 2 mg/mL for the fourth infusion

Dose-volume calculation
The exact volume of stock solution from
the chosen vial concentration is calculated

Participants were asked to perform
10 drug-volume calculations

Rounding
The exact volume calculated is rounded
to the nearest syringe graduation

Participants were asked to round
10 numbers to match specified
syringe graduations

Drug volume
The desired volume of stock solution is drawn
up into the syringe

Participants were asked to draw
5 volumes of water into
each of 1-mL and 3-mL syringes

Diluent volume
The desired volume of diluent solution is
drawn up into the syringe

Participants were asked to draw
5 volumes of water into
60-mL syringes

Mixing
The diluent and stock solution are mixed into
the final form for administration

To determine mixing errors, morphine
concentrations in the first and last 5 mL of
each 50-mL infusion were measured

Evaluation
of errors*

Prepared infusion

Figure 1: Steps involved in infusion preparation and corresponding tasks required of participants The first 2 steps (medication order
and vial concentration) were predetermined as part of the study design. Errors were evaluated in the 5 other tasks. *An error was identified if the result of the task or the concentration of the prepared infusion deviated by 10% or more from the expected value; a volumetric error was defined as a deviation of 5% or more from the expected volume; in addition, absolute log-transformed errors were calculated from the worst concentration measured versus the ideal (ordered) concentration.
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Accuracy of prepared morphine infusions

the 24 hours before the study (p = 0.02), use of the more concentrated stock solution ( p < 0.001) and preparation of
smaller dose volumes (p < 0.001).

Overall, 161 (34.7%, 95% CI 30.4% to 39.0%) of the morphine infusions had errors. The median percentage error of
the 464 prepared infusions was 4.7% (min to max, –89% to
1003%). There was a greater number of errors among the
morphine infusions prepared to a final concentration of
0.6 mg/50 mL from the 10-mg/mL stock solution than among
those prepared from 2-mg/mL stock solution (p < 0.001)
(Table 3). Participants estimated an error rate of 0%–30% for
the infusions they had prepared (mean 9%, n = 114). The selfestimated error was rate was 36% lower than the mean error
rate for the 4 infusions prepared by each subject (p < 0.001).

Interpretation
We performed a direct-observation study of the accuracy of
intravenous infusions prepared by health care professionals. We evaluated participants’ completion of 5 infusionpreparation tasks and, using an objective laboratory-based
assessment, the accuracy of prepared morphine infusions.
We found errors in 1.5%–4.9% of the infusion-preparation
tasks and in 34.7% of the prepared infusions. The frequency of errors detected in our study was half that found
using a concealed design, 17,18 similar to that found in
methotrexate infusions administered to children with
leukemia 32 and 5-times greater than the frequency of
medication-order errors.2
We found that the errors of the greatest magnitude were
made when the morphine infusions were prepared from
small volumes of stock solutions. Smaller volumes may be
used to prepare solutions from concentrated solutions or to
prepare small doses (e.g., for children). This suggests that
small children and neonates may be at greater risk than
larger patients for these preparation-associated errors. A
post-hoc analysis of volume-measurement errors from solutions prepared using 1-mL syringes confirmed that smaller
volumes were associated with larger errors (p = 0.008). However, these volume-measurement errors were small (1%–2%)
compared with the magnitude of errors we observed in prepared infusions.

Factors associated with infusion errors
The number of morphine infusions prepared by each participant that had a concentration error of 10% or greater was positively associated with 3 factors: fewer infusions prepared in the
previous week (p = 0.06), increased number of years of professional experience (p = 0.04) and profession (p = 0.02) (Table
2). This model explained 14% of the observed variation in the
number of errors produced by each participant (r 2 = 0.14).
Repeated-measures analysis of individual infusions identified 4 factors positively associated with the occurrence of a
concentration error: fewer infusions prepared in the previous week (p = 0.007), increased number of years of professional experience (p = 0.01), use of the more concentrated
stock solution (p < 0.001) and preparation of smaller dose
volumes (p < 0.001). There was no significant interaction between variables.
In terms of the magnitude of errors, larger errors in individual infusions were associated with sleeping fewer hours in

Table 1: Self-reported professional characteristics of 118 health care professionals who completed 5 infusion-preparation tasks and
prepared morphine infusions
Profession; no. (%) of participants*
Anesthesia
n = 20

Pharmacy†
n = 17

Nursing
n = 81

Overall
n = 118

<5

3 (15)

7 (41)

29 (36)

39 (33)

5–10

12 (60)

5 (29)

24 (30)

41 (35)

> 10

5 (25)

5 (29)

28 (35)

38 (32)

Characteristic
Years of professional
experience§

0.12

Infusions prepared in the
previous week¶
0

< 0.001
7 (41)

15 (19)

27 (23)

1–5

10 (50)

1

(6)

39 (48)

50 (42)

6–10

4 (20)

0

(0)

19 (23)

23 (19)

> 10

1

9 (53)

Sleep in previous 24 hours,
mean, h (SD)

p value‡

5 (25)

(5)

6.75 (1.1)

6.32 (1.3)

8

(9)

7.18 (2.4)

18 (15)
6.98 (2.08)

0.27

Note: SD = standard deviation.
*Unless stated otherwise.
†Pharmacy staff included 4 pharmacists and 13 pharmacy technicians.
‡Overall comparison between anesthesia, pharmacy and nursing.
§Number of years of clinical experience since graduation.
¶Does not include infusions prepared for rapid (“push”) administration.
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Our findings challenge the dogma that expertise is synonymous with seniority, and they highlight the distinction
between recent practice and cumulative experience. We found
a greater magnitude of errors in the infusions prepared by
participants who reported sleeping fewer hours in the 24
hours before the study, which is consistent with observations
of fatigue-associated reductions in performance.33
Medication-safety practices may be improved by the follow-

ing individual, regulatory and institutional changes. First, the
use of electronic calculators by front-line staff is likely to reduce
calculation errors. However, this may not significantly reduce
preparation errors. Second, the use of dilute stock solutions in
the preparation of infusions may improve quality. Third, there
may be practical and cost advantages to the centralized preparation of medications.34–36 Although our data suggest that this
strategy may reduce the number of errors, it would not signifi-

Table 2: Relation between professional characteristics and errors in completing infusion-preparation tasks and preparing morphine
infusions among study participants who made at least 1 error
Error*; no. (%) of participants who made at least 1 error
n

Drug-volume
calculation†

Rounding†

Anesthesia

20

9 (45)

2 (10)

3 (15)

2 (11)

19 (100)

Pharmacy

17

6 (35)

1 (6)

4 (24)

0

(0)

13 (81)

Nursing

81

31 (38)

15 (19)

13 (16)

5

(6)

60 (76)

p = 0.81

p = 0.46

p = 0.70

Characteristic

Volumetric†

Mixing‡

Infusion
concentration‡

Profession

p = 0.50

p = 0.04

Years of professional
experience
<5

39

15 (38)

4 (10)

5 (13)

3

(8)

26 (68)

6–10

41

11 (27)

2 (5)

9 (22)

1

(3)

35 (90)

> 10

38

20 (53)

12 (31)

6 (16)

3

(8)

31 (84)

p = 0.06

p = 0.003

p = 0.54

p = 0.56

p = 0.05

Infusions prepared in
the previous week
0

27

10 (37)

1

(4)

7 (26)

1

(4)

24 (96)

1–5

50

18 (36)

9 (18)

7 (14)

5 (10)

38 (76)

6–10

23

11 (48)

4 (17)

3 (13)

0

(0)

18 (86)

> 10

18

1

(4)

7 (39)

4 (22)

3 (17)

p = 0.80

p = 0.23

p = 0.57

12 (67)

p = 0.62

p = 0.06

*Calculation, rounding, mixing and infusion-concentration errors were defined as a deviation of 10% or greater from the expected value. Volumetric errors were
defined as a deviation of 5% or greater from the expected volume. Errors were assessed based on 10 drug-volume calculations, 10 rounding calculations, 12 syringevolumes measurements, 3–4 mixing assessments and 4 morphine-infusion preparations.
†Results from 118 participants were evaluated for calculation, rounding and volumetric errors.
‡Samples were available for 114 participants for analysis of errors in mixing and concentration of infusions.

Table 3: Errors* detected in morphine infusions prepared by 118 health care professionals
Magnitude of error; no. (%)† of errors
Required concentration,
mg/50 mL

Final volume,
mL

Samples
analyzed, no.

Stock solution, 10 mg/mL

≥ 10 %

≥ 2 fold

p < 0.001

p < 0.001
31 (27)

0.6

0.06

116

70 (60)

2.4

0.24

116

17 (15)

1

(1)

7.3

0.73

116

38 (32)

1

(1)

0.3

116

36 (31)

3

(3)

464

161 (35)

36

(8)

Stock solution, 2 mg/mL
0.6 mg
Overall

*Errors were directly measured by use of high-performance liquid chromatography.
†Percentages calculated across rows.

46

CMAJ • January 1, 2008 • 178(1)

Research

cantly reduce errors of larger magnitude (Table 2). Remote
preparation of medications may not be ideal, because delays in
the availability of medications may result in adverse outcomes.37 Fourth, methods that reduce or better manage fatigue
may improve technical performance.12,33,38–40 Fifth, the use of
standardized infusion concentrations may reduce errors if the
concentrations selected are matched to appropriately dilute
stock concentrations. Indeed, the Joint Commission for the Accreditation of Health Care Organizations has recommended
the use of standardized infusion concentrations.8 However,
even in the best case, we found errors in 15% of infusions
(Table 3). Finally, the use of pre-filled syringes41 or ready-mixed
infusions prepared to industry standards22,42 would improve
the accuracy of medication dosing and may better serve the
therapeutic needs of children.43 However, this may result in a
new set of errors related to the use of infusion rates to determine dosing with fixed concentrations and may complicate
fluid management in critically ill children.
Our study has several limitations. Previous studies that
used concealed direct observation reported that up to 65% of
medication infusions contained errors.17,18 This suggests that
our finding of a 35% error rate is probably a conservative estimate and that our finding may be of limited generalizability
to clinical practice. The participants in our study may not have
been representative of the population of practitioners in other
more general practices. In addition, they may have altered
their performance because they knew they were being observed, because they were in a nonclinical environment, because there was no second health care professional available
to check their preparation or because of the artificial simplification of the preparation process (in order to permit evaluation).44,45 Nevertheless, our data provide an integrated and objective evaluation of multiple aspects of the medicationpreparation process. Measurable factors explained only 14%
of the variation in the number of morphine infusions with a
concentration error. We may not have measured other important variables, or we may have used an inappropriate analytical model. Our results reflect the greater complexity of the
integrated preparation task versus isolated infusionpreparation tasks. We did not identify any simple correctable
factors in the current process of infusion preparation that
could prevent preparation-associated errors. We believe that
exploring alternative methods of preparation, specifically alternative concentrations of stock solutions and the use of
industry-prepared infusions, warrants further clinical and
economic evaluation.

Conclusion
We found that more than one-third of infusions prepared by
health care professionals in our study had concentrations
outside the accepted pharmaceutical standards. The causes of
these errors were multifactorial and included experience, professional background and fatigue. The main contributing factor was the use of the more concentrated stock solution to
prepare smaller (pediatric) doses.
Evaluation of the clinical and economic impact of stock solutions suitable for pediatric patients and industry-prepared

infusions is required. Preparation of medicine at doses appropriate for use in children has the potential to reduce preventable errors and to improve clinical care and patient outcomes.
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How you can get involved in the CMA!
The CMA is committed to providing leadership for physicians and promoting the highest standard of health and health care
for Canadians. To strengthen the Association and be truly representative of all Canadian physicians, the CMA needs to hear
from members interested in serving in elected positions and on appointed committees and advisory groups.
The CMA structure comprises both governing bodies and advisory bodies either elected by General Council or appointed by
the CMA Board of Directors. The Board of Directors — elected by General Council — has divisional, affiliate, resident and
student representation, is responsible for the overall operation of the CMA and reports to General Council on issues of governance. CMA councils and committees advise the Board of Directors and make recommendations on specific issues of concern
to physicians and the public. Five core councils and committees consist of either divisional or regional representation, while
other statutory and special committees, and task forces consist of individuals with interest and expertise in subject-specific
fields. Positions on one or more of these committees may become available in the coming year.
For further information on how you can get involved, please contact:
Cherise Araujo
Corporate Affairs
Canadian Medical Association
1867 Alta Vista Drive
Ottawa ON K1G 3Y6
Fax 613 526-7570
Tel 800 663-7336 x2199
involved@cma.ca
By getting involved, you will have an opportunity to make a difference.
We hope to hear from you!
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