
Drug Form and Expression
of Concentration May
also Lead to Prescription
Errors

We read with interest the systematic review of
the causes and factors associated with prescribing
errors in hospital inpatients by Tully and collea-
gues that was recently published inDrug Safety.[1]

The authors found that mistakes were frequently
due to inadequate knowledge of the drug or pa-
tient, and skills-based slips and memory lapses.
In a second review examining the prevalence of
prescribing errors, the same group also describe
the problem of dosage errors, especially in pae-
diatric practice.[2]

Although they identified error-provoking con-
ditions and discussed potential interventions, the
authors did not discuss the difficulties prescribers
face with drugs presented in different forms, when
calculating drug doses on the basis of a patient’s
weight or body surface area, or when converting
between different units of drug concentration such
as ratios, percentages and units of concentration.

Drug labels are open tomisinterpretation. One
drug may be presented in several different forms,
e.g. a ‘delayed’ or ‘sustained’ release preparation,
an enteric coated preparation or solutions for
administration via different parenteral routes, all
aiming to facilitate final dose preparation pro-
cesses or preparation for children, and ultimately
improve patient convenience. However, such a
wide variety of dosage forms increases the risk of
prescription error. Prescribing errors involving
medication dosage forms have repeatedly been
found to account for more than 10% of all errors
in a long-running error detection programme con-
ducted in New York.[3,4] These investigators and
others have identified a substantial deficiency in
the understanding of drug formulations.[5,6]

Misinterpretation of labels can also lead to
tenfold dosing errors, when an order-of-magni-
tude error results from a dose miscalculation.[7]

When converting micrograms to milligrams, hun-

dred or even thousand fold errors are also possi-
ble. Children are at particular risk because the
required volume of stock solution is generally
small, so even a tenfold higher volume may
appear deceivingly normal. Nearly one-third of
intravenous drug prescriptions on neonatal units
are for doses less than one-tenth of a single drug
ampoule.[8]

The extent of tenfold medication errors was
examined in three Canadian tertiary children’s
hospitals using three detection methods.[9] Ana-
lysis of the data from the local incident reporting
systems found the incidence to be 1 in 22 500
doses prescribed. However, an audit of 1500
prescription charts in the emergency departments
revealed two tenfold errors in 1678 drug orders.
A much higher rate of medication error occurring
during mock resuscitation scenarios identified
four tenfold errors in eight mock resuscitations
that included 125 orders for drugs.[9]

High fidelity simulation of emergency scenar-
ios may give a much more realistic idea of the
prevalence of medication errors in clinical prac-
tice compared with error reporting or detection
systems. Our group has examined the difficulties
physicians face when managing severe anaphy-
laxis in a child. Physicians randomized to receive
adrenaline (epinephrine) ampoules labelled with
a ratio weremore than 13 timesmore likely to give
an overdose (mean overdose 213 mg) than those
using ampoules labelled with mass concentra-
tion.[10] This work has built on survey evidence
that doctors,[11-17] nurses[11] and medical stu-
dents[11,18] struggle with ratios and percentages.

It may be that these studies were not included
in the systematic reviews as they are perceived as
drug administration errors rather than prescrip-
tion errors. However, we believe that these fac-
tors contribute to both prescription and drug
administration errors. The boundaries between
the two may be blurred, especially in emergencies
when the drugs are nearly always administered
intravenously and may only be prescribed retro-
spectively, making them particularly prone to
error and difficult to detect.[19] We believe that a
great deal of patient harm may be caused by
confusion about drug forms, concentration ex-
pression and dose calculation, and that these
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factors should also be taken into account when
considering the prevalence of and potential inter-
ventions to reduce prescription errors.

Vaithianadan Mani and Daniel W. Wheeler
University of Cambridge, Division of Anaesthesia,

Addenbrooke’s Hospital, Cambridge, UK

Acknowledgements

The authors have no conflicts of interest to declare that are
directly relevant to the content of this letter. Daniel Wheeler’s
work is funded by the Association of Anaesthetists, and sup-
ported by GlaxoSmithKline and Cardinal Health.

References
1. Tully MP, Ashcroft DM, Dornan T, et al. The causes of and

factors associated with prescribing errors in hospital in-
patients: a systematic review. Drug Saf 2009; 32 (10): 819-36

2. Lewis PJ, Dornan T, Taylor D, et al. Prevalence, incidence
and nature of prescribing errors in hospital inpatients: a
systematic review. Drug Saf 2009; 32 (5): 379-89

3. Lesar TS, Briceland LL, Delcoure K, et al. Medication pre-
scribing errors in a teaching hospital. JAMA 1990 May 2;
263 (17): 2329-34

4. Purdy BD, Raymond AM, Lesar TS. Antiretroviral pre-
scribing errors in hospitalized patients. Ann Pharmacother
2000 Jul-Aug; 34 (7-8): 833-8

5. Cohen MR, Davis NM. Drug name suffixes can cause con-
fusion. Am Pharm 1992 Apr; NS32 (4): 21-2

6. Grunewald RA, Mack CJ. Medical errors: different for-
mulations of drugs often look confusingly similar. BMJ
2001 Jun 9; 322 (7299): 1423

7. Lesar TS. Tenfold medication dose prescribing errors. Ann
Pharmacother 2002 Dec; 36 (12): 1833-9

8. Chappell K, Newman C. Potential tenfold drug overdoses
on a neonatal unit. Arch Dis Child Fetal Neonatal Ed 2004
Nov; 89 (6): F483-4

9. Kozer E, Scolnik D, Jarvis AD, et al. The effect of detection
approaches on the reported incidence of tenfold errors.
Drug Saf 2006; 29 (2): 169-74

10. Wheeler DW, Carter JJ, Murray LJ, et al. The effect of drug
concentration expression on epinephrine dosing errors:
a randomized trial. Ann Intern Med 2008 Jan 1; 148 (1):
11-4

11. Oldridge GJ, Gray KM, McDermott LM, et al. Pilot study
to determine the ability of health-care professionals to un-
dertake drug dose calculations. Intern Med J 2004 Jun;
34 (6): 316-9

12. Rolfe S, Harper NJ. Ability of hospital doctors to calculate
drug doses. BMJ 1995 May 6; 310 (6988): 1173-4

13. Simpson CM, Keijzers GB, Lind JF. A survey of drug-dose
calculation skills of Australian tertiary hospital doctors.
Med J Aust 2009 Feb 2; 190 (3): 117-20

14. Wheeler DW, Remoundos DD, Whittlestone KD, et al.
Doctors’ confusion over ratios and percentages in drug

solutions: the case for standard labelling. J R SocMed 2004
Aug; 97 (8): 380-3

15. Wheeler DW,Wheeler SJ, Ringrose TR. Factors influencing
doctors’ ability to calculate drug doses correctly. Int J Clin
Pract 2007 Feb; 61 (2): 189-94

16. Scrimshire JA. Safe use of lignocaine. BMJ 1989 Jun 3; 298
(6686): 1494

17. Kelly DA, Henderson AM. Use of local anesthetic drugs in
hospital practice. BMJ (Clin Res Ed) 1983 Jun 4; 286
(6380): 1784

18. Wheeler DW, Remoundos DD, Whittlestone KD, et al.
Calculation of doses of drugs in solution: are medical
students confused by different means of expressing drug
concentrations? Drug Saf 2004 Oct; 27 (10): 729-34

19. Wheeler SJ, Wheeler DW. Medication errors in anaesthesia
and critical care. Anaesthesia 2005 Mar; 60 (3): 257-73

The Authors’ Reply

Wewould like to thankDrsMani andWheeler
for their interest in our two systematic re-
views.[1,2] The authors suggest that the studies
they describe in their letter were not included in
our reviews because they were possibly perceived
as administration rather than prescription errors.
The majority of their studies, however, did not
fulfill our inclusion criteria. Some investigated
single groups of drugs[3-6] or single types of
error.[7-9] Others reported the opinion or knowl-
edge of prescribers in general, rather than opi-
nion or knowledge about individually identified
errors.[10-15] Finally, some were comments or
narrative reviews rather than reporting empirical
data.[16,17]

That said, we wholeheartedly agree with the
authors’ statement that such dosage errors have
the potential for considerable patient morbidity.
There is much work still to be done to investigate
how to effectively reduce the prevalence of all
types of prescribing errors.

Mary P. Tully,1 Darren M. Ashcroft,1 Tim Dornan,2

Penny J. Lewis,1 David Taylor3 and Val Wass2

1 School of Pharmacy and Pharmaceutical
Sciences, University of Manchester,

Manchester, UK
2 Manchester Medical School Education Research

Group, Manchester, UK
3 Liverpool Medical School Education Research

Group, Liverpool, UK

168 Letter to the Editor

ª 2010 Adis Data Information BV. All rights reserved. Drug Saf 2010; 33 (2)


	Outline placeholder
	Acknowledgements
	References
	Acknowledgements
	References




