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Abstract Prescribing errors affect patient safety throughout hospital practice. Pre-

vious reviews of studies have often targeted specific populations or settings,
or did not adopt a systematic approach to reviewing the literature. Therefore,
we set out to systematically review the prevalence, incidence and nature of
prescribing errors in hospital inpatients. MEDLINE, EMBASE, CINAHL
and International Pharmaceutical Abstracts (all from 1985 to October 2007)
were searched for studies of prescriptions for adult or child hospital
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inpatients giving enough data to calculate an error rate. Electronic prescrip-
tions and errors for single diseases, routes of administration or types of
prescribing error were excluded, as were non-English language publications.
Median error rate (interquartile range [IQR]) was 7% (2-14%) of medication
orders, 52 (8-227) errors per 100 admissions and 24 (6-212) errors per 1000
patient days. Most studies (84%) were conducted in single hospitals and ori-
ginated from the US or UK (72%). Most errors were intercepted and reported
before they caused harm, although two studies reported adverse drug events.
Errors were most common with antimicrobials and more common in adults
(median 18% of orders [ten studies, IQR 7-25%]) than children (median 4%
[six studies, IQR 2-17%]). Incorrect dosage was the most common error.
Overall, it is clear that prescribing errors are a common occurrence,
affecting 7% of medication orders, 2% of patient days and 50% of hospital
admissions. However, the reported rates of prescribing errors varied greatly
and this could be partly explained by variations in the definition of a pre-
scribing error, the methods used to collect error data and the setting of the
study. Furthermore, a lack of standardization between severity scales pre-
vented any comparison of error severity across studies. Future research
should address the wide disparity of data-collection methods and definitions
that bedevils comparison of error rates or meta-analysis of different studies.

In recent years, the extent and impact of ad-
verse events in healthcare settings has made pa-
tient safety a key aspect of healthcare policy.
Specifically, the Harvard Medical Practice study
found adverse events in at least 3.7% of admis-
sions,[!l mostly associated with the use of medi-
cation. Adverse drug events (ADEs) can prolong
hospitalization,?l increase mortality risk 2-fold?!
and cause an estimated 7000 deaths/year in the
US alone.?) Moreover, a US study in 1997 esti-
mated that ADEs cost a single teaching hospital
$USS5.6 million, $US2.8 million of which was
preventable.[ In the UK, preventable ADEs cost
an estimated £750 million nationwide."!

The negative impact of preventable ADEs has
thus stimulated attempts to understand the na-
ture and extent of medication errors. They can
occur at the prescribing, dispensing and admin-
istration stages of drug use, but are most likely to
arise in prescribing.[®! Research into the pre-
valence or nature of prescribing errors has found
no consistent pattern in the number or types of
errors, or medications associated with them.
Single-hospital studies found, for example, pre-
scribing errors in 0.4-15.4% of prescriptions
written in the US# and in 7.4-18.7% of those
written in the UK.P-19
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There have been previous attempts to synthe-
size data systematically from studies of prescrib-
ing errors.[''"1Y However, they were either limited
in scope (such as focusing on a particular patient
groupl!L121 or specialityl!3l), concerned pre-
dominately with research methodology!'¥ or
have incorporated all types of medication
error.l'*] None have focused on the prevalence or
incidence of prescribing errors more generally.
The aim of this systematic review was, for the first
time, to identify all informative, published evi-
dence concerning the prevalence, incidence and
nature of prescribing errors in specialist and non-
specialist hospitals, and collate, analyse and syn-
thesize conclusions from it.

1. Literature Search Methodology

1.1 Search Strategy

The following electronic databases were sear-
ched: MEDLINE and MEDLINE In-process
and other Non-Indexed Citations, EMBASE,
CINAHL and International Pharmaceutical
Abstracts, all from 1985 to October 2007. The
search strategy was developed by two authors (PJL
and DMA). Search terms included: ‘error(s)’;
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‘medication error(s)’; ‘near miss(es)’; ‘preventable
adverse event(s)’; ‘prescription(s)’; ‘prescribe’;
‘medication order(s)’; ‘incident report(s)’; ‘in-
cidence’; ‘rate(s)’; ‘prevalence’; ‘epidemiology’; ‘in-
patient(s)’; ‘hospital(s)’; and ‘hospitalization’.
(Further details of the search strategy are available
from the corresponding author). The reference lists
of all included studies were searched for additional
studies.

1.2 Inclusion and Exclusion Criteria

Studies published in English between 1985 and
2007 that reported on the detection and rate of
prescribing errors in prescriptions handwritten
for adult and/or child hospital inpatients were
included. Systematic reviews, randomized con-
trolled trials, non-randomized comparative stu-
dies and observational studies were all included.
Abstracts were included if they provided suffi-
cient data to calculate prescribing error rates
(prevalence or incidence). Studies that only pro-
vided data on electronic prescriptions via com-
puterized physician order entry (CPOE) were
excluded. In addition, studies that evaluated er-
rors for only one disease or drug class or for one
route of administration or one type of prescribing
error were excluded.

1.3 Data Abstraction and Validity Assessment

A data-extraction form was designed to ex-
tract the following information: year and coun-
try; study period; hospital setting; methods
(including type of study; sampling and review
processes; profession of data collector; means of
detecting error); definitions used; the error rate
(including the nature of the denominator) [for
studies investigating the impact of CPOE, only
error rates for prescriptions that were hand-
written were extracted from the study]; and any
other relevant information captured by the study,
such as severity of errors, type of error and
medications commonly associated with errors.
Two reviewers extracted relevant data from each
publication independently and resolved any dif-
ferences by discussion. If they could not achieve
consensus, a third reviewer arbitrated.
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1.4 Quantitative Data Analysis

The studies retrieved by the search were extreme-
ly heterogeneous but it was possible to group them
by the type of denominator used and calculate medi-
an error rates and interquartile ranges (IQRs) across
studies. Studies reporting medication errors were
only included if it was possible to separate out the
rate of prescribing errors. To be included, studies
had to report the rate of erroneous orders, errors per
admission or errors per patient day. Studies with an
estimated denominator were excluded from the
analysis of median rates. To facilitate comparison
across studies, the latter rates were converted to
common denominators: rates per 100 admissions
and per 1000 patient days. When publications gave
data from two or more studies where the methodo-
logy was similar, the results were aggregated into a
median rate. We also explored differences between
studies of adults and children and examined error
rates in relation to methods of detection. The classifi-
cation scheme of Thomsen and colleagues!'® pro-
vided a framework for extracting and reporting the
types of medications involved and the types of errors.

2. Literature Search Results

The electronic search identified 595 publica-
tions. After initial screening of the abstracts, 493
publications did not meet the inclusion criteria.
The remaining 102 publications were obtained in
full text and assessed for suitability, as shown
in figure 1. Searching of the reference lists of the
included publications identified a further 12 eligible
studies. In all, 63 publications were included, re-
porting 65 unique studies. The main reasons for
exclusion were absent or insufficient data to cal-
culate prevalence rates (n=36); data included
administration errors, outpatient prescriptions,
and/or verbal and electronic prescriptions (n=7);
reported rates were of interventions or violations
of policy not deemed errors (n=>5); and duplication
of previously published data (n=3).

2.1 Study Characteristics

2.1.1 Country and Date

Most studies were conducted in the US
(25/65)8:17-401 or the UK (22/65).1-10:41-381 Qther
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Potentially relevant publications identified
and screened for retrieval (n = 595)

> Publications not meeting inclusion criteria
(n=493)

v

Publications retrieved for more
etailed evaluation (n = 102)

Q

o Further publications identified from
searching reference lists (n = 12)

Publications not meeting inclusion criteria

(n=51)

o studies with no data or insufficient data
to calculate prevalence rates (n = 36)

o studies in which data include
administration errors, outpatients, verbal
and electronic prescriptions (n = 7)

o studies that report rates of
interventions or solely violations of policy
that are not deemed errors (n = 5)

e duplicate studies (n = 3)

A4

A\

Studies (n = 65) from publications (n = 63)
to be included in the systematic review

Fig. 1. Flow diagram of the screening process.

countries included Canada (n=3),>°¢l the
Netherlands (n=3),[2%4  India (n=2),[65-60]
Australia (n=2),[6768] [srael (n=2),1°7% Croatia
(n=1),"1 Belgium (n=1),"" France (n=1),["3
Denmark (n= 1), Thailand (n= 1) and Spain
(n=1).") Over two-thirds of studies were pub-
lished after 2000 (46/65).

2.1.2 Types of Hospitals

Fifty-four percent of studies (35/65) were
conducted in university-affiliated hospitals, 17%
(11/65) took place in general hospitals and 6%
(4/65) were carried out in both types of hospital.
Six studies (9%) were conducted in paediatric
hospitals. Two studies (4%) did not state the type
of hospital.?>%71 The rest (11%, 7/65) were con-
ducted in specialist hospitals such as mental
health facilities.

2.1.3 Numbers of Hospitals

Eighty-four percent of studies (55/65) were
carried out on single hospital sites, 11% (seven
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studies) were carried out in two hospital sites, 3%
(two studies) in nine sites?'-31 and 2% (one study)
in 24 sites.’¥ However, studies carried out in
more than two hospitals were conducted in one
speciality only (paediatric intensive care unit
[ICU]RPU ICUPY and mental health!>®),

2.1.4 Specialties

Thirty-eight percent (25/65) of studies were
carried out only in adult specialities or wards,
22% (14/65) included only children’s specialties
or were conducted exclusively in paediatric hos-
pitals (including one study conducted purely in
neonates!’), 23% (15/65) included both adults
and children, and the remaining 17% (11/65) did
not state the age range of patients.

2.1.5 Study Design

Most studies (89%, 58/65) were prospective in
design; 11% (7/65) were retrospective. The
shortest period of data collection was 4 daysP!l
and the longest was 9 years.’? Twenty-three
(35%) of the studies were before-and-after stu-
dies, in which case-only data from the baseline or
control arm were used. Eleven of these assessed
the impact of CPOE on the number of prescribing
errorsl®-20.30.33,41,44,45.49.64,70.72] o 1 q the remainder
assessed a variety of other interventions, such
as the participation of clinical pharmacists on
ward roundsB'#% or the effect of educational
interventions.['%!

Eighty-three percent (54/65) of studies were
process-based, meaning they reported the find-
ings of healthcare professionals reviewing pre-
scriptions, usually as part of routine work.['¥]
This type of study does not intend to measure
harm as the error is detected and reported to the
prescriber before reaching the patient. Outcome-
based studies only measuring actual patient harm
by reporting ADEs!'¥ made up only 3% of in-
cluded studies.['®311 A small proportion (14%) of
studies were both process- and outcome-based in
that they investigated both incident reports (some
of which included actual ADEs) and prescribing
errors detected on prescriptions.

2.1.6 Methods of Error Detection

Data collectors were most commonly phar-
macists (54/65, 83%). The most frequent method
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of detecting errors (25/65, 38%) was the screening
of prescriptions. Eighteen percent (12/65) of stu-
dies also included prescription or prescription
chart review, which was not necessarily part of
routine work and which was sometimes carried
out by healthcare professionals other than phar-
macists. Four studies (6%)P%3141711 detected
prescribing errors by review of patients’ medical
records and five studies (8%)130-58:65:68.751 yged
incident reporting. Almost one-third of studies
(27%) used a combination of the above methods
and some even included additional methods such
as stimulated self report,®”1 medication re-
conciliation!! and interviews with other health-
care professionals.*”! Two studies did not state
how prescribing errors were identified.[>2-6%

2.1.7 Validation Review of Errors

Seventy-four percent (48/65) of studies em-
ployed a process to check the validity of part of or
all the prescribing error data collected. The vali-
dation approach varied between studies, some
(14%, 9/65) using consensus to rate the severity of
errors. Fewer than half the studies (42%, 27/65)
included review of the errors themselves, such as
determination by a panel of clinicians as to whe-
ther reported errors fell within the study defini-
tions and classification of those that did. Only
28% of studies (18/65) checked reported errors
with the prescribing doctor to validate the claim
that a prescribing error had occurred. Twenty-
three percent of studies (15/65) did not report any
process of review.

2.2 Definitions of Prescribing Errors

The definition of a prescribing error was
extremely varied, with 42% of studies (27/65)
developing their own definitions or modifying
ones used in previous studies. Eleven studies
(17%) used a definition of prescribing errors de-
veloped by Dean et al.’’! The 12 studies (18%)
recording medication errors or ADEs provided
definitions accordingly. Of these, twol?*74l used
the American Society of Health-System Phar-
macists criteria and twol?%7% used the National
Coordinating Council for Medication Error Re-
porting and Prevention (NCCMERP) criteria.
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Nearly one-quarter of studies (23%) did not state
any definition.

2.3 Prevalence and Incidence of Prescribing
Errors

Five studiesl2¢2-67.71.76] ejther explicitly used
prescription charts (with potentially multiple
medication orders) or did not clearly state their
denominator (whether order or chart). Four stu-
dies provided an estimated denominatorf#7-4%-31]
and were therefore excluded from the analysis.
Studies reporting error rates per medication or-
der, per patient and per patient day and that are
included in the analysis are presented in table I of
the supplementary material (see the supplemen-
tary material [‘ArticlePlus’] at http://drugsafety.
adisonline.com).

Many studies (51%, 33/65) reported the per-
centage of erroneous medication orders, the me-
dian of which was 7% (IQR 2-14%). Six studies did
not make it clear whether orders were reported as
having more than one error and could not, there-
fore, be included in the calculation.[!7-22.33.39.60.69]
Nineteen studies provided a rate of errors per ad-
mission, the median of which was 52 (IQR 8-227)
errors per 100 admissions. This wide range in rates
could partly be explained by different means of
error detection, the lowest rate (0.4 errors per 100
admissions) being derived from incident report-
ing”>! and the highest rate (323 errors per 100 ad-
missions) resulting from a combination of three
methods of error detection.[®] Eleven studies pro-
vided an incidence of errors per patient days, the
median of which was 24 (IQR 6-212) errors per
1000 patient days. The only two outcome-based
studies included in this review reported incidences
of errors per patient days,'®3! the median of
which was nine errors per 1000 patient days.
A subgroup analysis of the remaining nine process-
based studies gave a median incidence of 116 errors
per 1000 patient days. The lowest incidence of er-
rors was given by a study that used incident reports
to detect errors®% and the highest rate was given by
a process-based, prospective study of error in an
ICU.[™

Subgroup analysis of studies reporting per-
centage of erroneous orders suggested that errors

Drug Safety 2009; 32 (5)
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were more prevalent in adults than in children
(median 18% [ten studies, IQR 7-25%] vs median
4% [six studies, IQR 2-17%)]).

2.4 Medications Involved in
Prescribing Errors

Twenty-two studies (34%) detailed the medica-
tions most commonly associated with prescribing
errors, and those providing quantitative data are
summarized in table II of the supplementary
material. Four studies gave information about the
classes of medication associated with medication
error; however, class-specific prevalence rates
could not be determined.!'8->*3%51 Antimicro-
bials, with a median error prevalence of 32% of
orders, were the class most commonly associated
with error, particularly in children where all five
studies found antimicrobials to be most common-
ly associated. Other common associations were
with drugs acting on the cardiovascular system
(median prevalence, 17%), CNS (median preva-
lence, 8%) and gastrointestinal medications (med-
ian prevalence, 8%). Errors involving fluids,
electrolytes and parenteral nutrition had a med-
ian prevalence of 9%.

2.5 Types of Prescribing Errors Detected

Sixty-five percent of studies (42/65) reported
on the types of errors, of which 33, shown in
table III (see supplementary material), provided
percentages for error types. Five studies focused
specifically on admission or discharge and were
therefore excluded from the table as it was likely
the types of error would be quite specific (i.c. er-
rors of omission). Dosage errors were the most
commonly reported error (18/33 studies), the re-
mainder being accounted for by incomplete pre-
scription orders, omission of therapy, illegibility,
errors in dosage interval, incorrect formulation,
drug-drug interactions and transcription errors.
Seven studies[?3:23-33.33.58.65.73] listed the most
frequent types of prescribing errors in paediatric
practice. Five of the seven (71%)[23:35-38.65.73]
found dosage errors to be the most common, and
the remaining two studies found errors of omis-
sion to be the most common.[?%33]

© 2009 Adis Data Information BV. All rights reserved.

2.6 Severity of Detected Prescribing Errors

Many studies (74%, 48/65) attempted to clas-
sify the severity of errors; however, some (8/48)
did not distinguish prescribing errors from errors
in administration and dispensing. Two studies,
which stated they recorded severity, did not re-
port severity data. Of those that reported sever-
ity, three studiest??:%3-%4 rated severity according
to their own modification of the NCCMERP
index for categorizing medication errors,!’®! one
studyl*¥ used criteria set out by the UK National
Patient Safety Agency!”’! to rate severity and two
studies(!®-34 based their criteria on the work of
others such as Folli et al.l?! Remaining studies
provided their own classification of prescribing-
error severity. This disparity made it impossible
to compare severity across studies.

3. Discussion

This is the first systematic review of the pre-
valence, incidence and nature of prescribing er-
rors in hospital inpatients. It shows that a high
rate of prescribing errors is an international pro-
blem. The median rates of prescribing errors
using three different denominators were 7% (IQR
2-14%) of medication orders, 52 (IQR 8-227)
errors per 100 admissions and 24 (IQR 6-212)
errors per 1000 patient days. A key strength of
our review was the range of databases searched.
It is possible that studies reporting error pre-
valence or incidence were published in journals
not indexed by the databases. To reduce that risk,
we conducted a search of the reference lists of the
included studies. However, only studies pub-
lished in English were included and there may
have been studies written in other languages that
were not detected.

The reported rates of prescribing errors vary
remarkably, as demonstrated by the wide IQRs.
This variability can be partly explained by dif-
ferences in study methods; for example, outcome-
based studies inevitably yielded much lower error
rates than process-based studies as actual patient
harm is not an inevitable outcome of a prescrib-
ing error. However, that does not explain all the
variability because most studies were process-based.

Drug Safety 2009; 32 (5)
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The method used to detect errors may have
been a more important source of variability;
for example, studies relying on incident reports
often had very low error rates, probably as a result
of under-reporting.®9 Review of patient records
identified more errors but still only those noted
in the records and therefore this approach re-
mains vulnerable to incomplete documentation.[®!]
Furthermore, the retrospective nature of record
review gave little opportunity for follow-up. Stu-
dies that identified errors during prescription re-
view were likely to be the most comprehensivel!4!
and accurate, yet there was still great variation
between rates derived from that method of
error detection. Furthermore, the use of more
than one means of error detection introduced
yet further variability, although the higher rates
that resulted from more comprehensive ascer-
tainment may have been closer to the actual
prevalence.

Another important consideration was incon-
sistency in the definition of prescribing errors,
with most studies using their own bespoke defi-
nitions. Even when definitions were given, some
were subjective. For example, a prescribing error
is ‘a prescription not appropriate for the pa-
tient’™ or ‘any omitting or incorrect ordering of
a medication that was critical for the overall care
of the patient in the judgement of one of the in-
vestigators’.® However, others were very specific
in their definition: ‘a prescribing error is an in-
correct drug selection (based on indications,
contraindications, known allergies, existing drug
therapy and other factors), dose, dosage form,
quantity, route, concentration, rate of adminis-
tration, or instructions for use of a drug product
ordered or authorized by a physician (or other
legitimate prescriber); illegible prescriptions or
medications or orders that lead to errors that
reach the patient; or use of non-standard no-
menclature or abbreviations’.?!! Reviews in pae-
diatricl'>'1 and mental'3! healthcare have also
found large variations in how prescribing errors
were defined. This source of variability has re-
sulted in the formulation of a practitioner-led
definition of a prescribing error.””! That defini-
tion was the one most commonly used, albeit in
only 17% of studies.

© 2009 Adis Data Information BV. All rights reserved.

Whilst the evidence base as a whole was
characterized by variability, there were specific
limitations in individual studies, such as poor
classification of errors. Fewer than half of studies
reported any system of error validation. Most did
not state whether there was any discussion of
errors with the original prescriber. The finding in
one study that 13% of errors detected by a phar-
macist were not accepted by the prescriber!®]
suggests a discrepancy between observers’ and
the prescribers’ perceptions of error. Classifica-
tion of errors by the data collector without the
input of others could result in bias. Furthermore,
one study showed variability in error detection
and classification between data collectors despite
training.[>”! Few studies commented self-critically
upon this source of potential bias.

Other limitations of the included studies were
the short duration of data collection and the use
of estimated denominators in some studies.
Although not a limitation per se, the location and
type of study site may also have affected the re-
ported rates and types of prescribing errors.
Some studies were conducted in specific contexts
such as psychiatric hospitalst!! or ICUs,4
whereas others focused on a particular stage of
the patient’s stay in hospital such as admis-
sion?>4241 or discharge.[-?834 These studies
showed higher numbers of particular types of
error such as duplication or omission. Further-
more, most studies were on single sites and there
were no studies of larger numbers of errors in
non-specialist hospitals. With this in mind, future
studies could usefully apply the same methods to
record prescribing errors across numerous non-
specialist sites.

The severity of detected prescribing errors is
important information because, without it, we
cannot evaluate the potential harm that could
result from them. For example, our results have
shown that antimicrobials are associated with
the most errors, yet studies have shown that it is
cardiovascular medications that are associated
with the most preventable ADEs.['®) However,
the lack of standardization between severity scales
made it impossible to compare results directly.

We found errors of dosage to be the most
commonly reported type of prescribing error, as

Drug Safety 2009; 32 (5)
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was also reported from a systematic review of
medication errors in children.'l Winterstein
et al.l also found dosage errors to be the most
common type of medication error and that most
medication errors were initiated during prescrib-
ing. Furthermore, clinical negligence claims are
most often associated with errors in dose,
strength or frequency.l®! So, there is an obvious
target for preventive measures, some of which are
already being put into place by means of CPOE
systems. Previous research in the US has shown
that a computer-assisted antimicrobial manage-
ment programme can reduce ADEs and costs, [
a finding that might be extended to other
healthcare settings. Interestingly, some studies we
reviewed were designed to determine the effect of
CPOE on error rates*+*1 and they found im-
provements in dosage errors and errors of omis-
sion. However, they also reported errors unseen
with paper-based prescriptions, such as double
prescriptions.’? Work in this area has also
highlighted that there can be many unintended
consequences of CPOE including both positive
and negative effects.[®3] As well as improvements
in systems, education has been highlighted as an
area for improvement.[® A survey of junior doc-
tors in the UK found that doctors themselves
would welcome more teaching in clinical phar-
macology, particularly covering drug dosing.[34

What was also apparent in this review was the
importance of healthcare professionals in the
process of error detection. Pharmacists were
particularly well placed to collect data on errors
and were commonly recruited for that purpose.
Furthermore, a study by Phansalkar et al.[®]
found that pharmacists were the most thorough
when conducting chart reviews. Despite this,
some errors may remain undetected.

4. Conclusions

Prescribing errors are common, affecting a
median of 7% of medication orders, 2% of patient
days and 50% of hospital admissions. The ma-
jority of included studies were process-based and
used pharmacists to collect data. Antimicrobials
and drug dosages were most frequently asso-
ciated with errors. However, the ranges around
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these findings are very broad and, to some degree,
are conditional upon each study’s purpose,
setting and methods. The lack of standardiza-
tion between different studies, especially around
definitions and data-collection methods, was a
barrier to understanding the extent of prescribing
errors and is an obvious area of development for
future research. If standardization could be
achieved, the results of individual studies could
more confidently be combined, providing a
clearer picture of the prevalence, incidence and
nature of prescribing errors. Despite the difficulty
of aggregating error data, our findings highlight
that this is an important area for future research,
in both methodology and intervention, to ensure
patient safety.
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