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Abstract

Prescribing errors are common, they result in adverse events and harm to
patients and it is unclear how best to prevent them because recommendations
are more often based on surmized rather than empirically collected data. The
aim of this systematic review was to identify all informative published evi-
dence concerning the causes of and factors associated with prescribing errors
in specialist and non-specialist hospitals, collate it, analyse it qualitatively and
synthesize conclusions from it.

Seven electronic databases were searched for articles published between
1985-July 2008. The reference lists of all informative studies were searched
for additional citations. To be included, a study had to be of handwritten
prescriptions for adult or child inpatients that reported empirically collected
data on the causes of or factors associated with errors. Publications in lan-
guages other than English and studies that evaluated errors for only one
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disease, one route of administration or one type of prescribing error were
excluded.

Seventeen papers reporting 16 studies, selected from 1268 papers identified
by the search, were included in the review. Studies from the US and the UK in
university-affiliated hospitals predominated (10/16 [62%]). The definition of a
prescribing error varied widely and the included studies were highly hetero-
geneous. Causes were grouped according to Reason’s model of accident
causation into active failures, error-provoking conditions and latent condi-
tions. The active failure most frequently cited was a mistake due to in-
adequate knowledge of the drug or the patient. Skills-based slips and memory
lapses were also common. Where error-provoking conditions were reported,
there was at least one per error. These included lack of training or experience,
fatigue, stress, high workload for the prescriber and inadequate commu-
nication between healthcare professionals. Latent conditions included re-
luctance to question senior colleagues and inadequate provision of training.

Prescribing errors are often multifactorial, with several active failures and
error-provoking conditions often acting together to cause them. In the face of
such complexity, solutions addressing a single cause, such as lack of knowl-
edge, are likely to have only limited benefit. Further rigorous study, seeking
potential ways of reducing error, needs to be conducted. Multifactorial inter-

ventions across many parts of the system are likely to be required.

It is well recognized internationally that many
patients experience morbidity or mortality as a
result of their medical treatment.['3] Adverse
drug events (ADEs) resulting from the use of
prescribed medicines make up the greatest pro-
portion of the reasons for this harm.[! ADEs can
prolong hospital stay and increase the risk of
mortality.’] Preventable ADEs due to errors
in, for example, prescribing or administration
can result in twice the length of hospital stay and
cost twice as much money.[®! Prescribing errors,
independent of whether they cause harm, are
common. A recent systematic review found a
median prescribing error rate of 7% of medica-
tion orders, 52 prescribing errors per 100 admis-
sions and 24 prescribing errors per 1000 patient
days.l Healthcare policy is thus understandably
focusing on ways to reduce prescribing errors and
hence this burden of harm.[®!

Developing effective ways to reduce errors is
dependent upon identifying and understanding
their causes and the factors associated with them.
Identifying the cause of an error is inextricably
linked with knowing the intention of the person
who committed it.[’! The action performed may
have been different from that originally intended
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(e.g. writing temazepam instead of tamoxifen
because of a distraction at the time) or may have
been intended but actually wrong (e.g. not de-
creasing a dose in renal failure because of lack of
knowledge that it was necessary). However, many
published studies on prescribing errors have used
professional opinions of the researchers to sur-
mize the reasons why the errors occurred!!”) ra-
ther than using empirically collected data from
the prescribers. The factors associated with pre-
scribing errors, such as type of ward, can be
gleaned by others from the objective record,
however, and, therefore, do not need to be ob-
tained directly from the person committing the
error. The causes of and factors associated with
prescribing errors have not hitherto been re-
viewed systematically. Therefore, there is a need
to examine the literature critically and to identify
the causes of errors, based on a firm foundation
of actual data.

The aim of this review is to systematically
identify all informative, published evidence con-
cerning the causes of and factors associated with
prescribing errors in specialist and non-specialist
hospitals, and then to collate and analyse these
and draw conclusions from the findings.

Drug Saf 2009; 32 (10)
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1. Identification and Selection of Studies

Studies were sought that reported on the cau-
ses of and/or factors associated with prescribing
errors in handwritten prescriptions written by
doctors for adult and/or child hospital inpatients.
Studies reporting errors specifically due to lack of
knowledge, workload or stress were explicitly
sought, using appropriate keywords because this
was part of a programme of work to investigate
prescribing errors made by first-year doctors,
concentrating on the interplay between doctors’
educational backgrounds and factors in the
practice environment. Studies reporting medica-
tion errors more broadly were only included if
they described the causes of or factors associated
with prescribing errors in sufficient specific detail
to allow extraction and analysis to be carried out.

Studies were identified by searching the follow-
ing electronic databases for articles published be-
tween 1985-July2008: MEDLINE and MEDLINE
In-process and other Non-Indexed Citations,
EMBASE, Cumulative Index to Nursing & Allied
Health Literature (CINAHL®), Applied Social
Sciences Index and Abstracts (ASSIA), PsycInfo,
Social Science Citation Index and International
Pharmaceutical Abstracts. Search terms, com-
bined using Boolean operators, included the fol-
lowing: ‘error(s)’; ‘medication error(s)’; ‘near
miss(es)’; ‘preventable adverse event(s)’; ‘pre-
scription(s)’; ‘prescrib(e/er/ers/ing)’; ‘medication
order(s)’; ‘cause(s)’; ‘causality’; ‘causalities’;
‘reason(s)’; ‘risk factor(s)’; ‘predictor(s)’; ‘associ-
ation’; ‘knowledge’; ‘stress’; ‘workload’; ‘work
hours’; ‘tired(ness)’; ‘sleepiness’; ‘fatigue’; ‘ex-
haustion’; ‘active failure’; ‘slip(s)’; ‘lapse(s)’;
‘mistake(s)’; ‘inpatient(s)’; ‘hospital(s)’ and ‘hos-
pitalization’. The reference lists of all included
studies were hand searched for additional studies.

We defined ‘cause’ as ‘reasons reported to the
researchers by the prescriber, in structured or
unstructured interviews, as being wholly or par-
tially responsible for a specific prescribing error’.
We defined ‘factors associated with errors’ as
‘variables that were linked with the prevalence of
specific prescribing errors by the researchers’.
Studies were only included when data concerning
causes and associated factors were collected em-
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pirically; studies where causality or associated
factors were surmized (e.g. based on professional
experience of the data collector) were excluded.
All research designs were included. Studies
were not excluded due to methodological quality,
but comments are given on the limitations of the
study methods and therefore the confidence that
could be placed on their findings. Conference
abstracts were excluded because they do not con-
tain sufficiently detailed information about causes
or contributory factors. Non-English language
publications were excluded because there was
insufficient time and resource to translate them.

2. Data Extraction and Analysis

A data-extraction form was used to extract the
following information: year and country; study
period; hospital setting; methods (including type
of study, sampling and review processes, profession
of data collector, means of detecting error, causes
and associated factors); definitions used; the causes
and/or associated factors; and any other relevant
information captured by the study. Two reviewers
extracted relevant data from each study indepen-
dently and resolved any differences through discus-
sion. If they could not achieve consensus, a third
reviewer arbitrated. Data were entered into an
Excel spreadsheet for ease of handling and analysis.

The studies retrieved by the search were ex-
tremely heterogeneous. Reason’s model of acci-
dent causation,! one of the most commonly used
theoretical models when considering medical er-
ror, was used to categorize and present the data.
Therefore, the data were categorized, with in-
creasing proximity to the erroneous event, as la-
tent conditions (such as organization processes),
error-provoking conditions (such as environ-
mental or individual factors that affected per-
formance at the time of the error) and active
failures (such as errors due to slips, lapses, mis-
takes and violations). Slips are errors in per-
forming an intended action, such as intending
to prescribe carbamazepine but instead writing
down chlorpromazine. Lapses are errors result-
ing from a memory failure, such as prescribing a
medication to which a patient is allergic, despite
this being known. Mistakes are either rule-based

Drug Saf 2009; 32 (10)
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(misapplying a good rule or choosing a poor one)
or knowledge-based (such as lacking or over-
looking relevant information). Violations are
conscious decisions to ignore the accepted rules
or procedures of the organization. We did not
present the data numerically (even when given in
the original paper) because, for the qualitative
studies in particular, this would give a misleading
suggestion of quantification where none exists.

3. Literature Search Findings

The search identified 1268 articles. After initial
screening of the abstracts, 1182 did not meet the
inclusion criteria. The remaining 86 articles were
obtained in full text and assessed for their suit-
ability to be included. Figure 1 describes this
process and the reasons for excluding retrieved
articles. The main reasons for exclusion were re-
view or editorial articles (n=15); studies with no
empirically collected data about causes of or
factors associated with errors (n=17); studies not
investigating causes of or factors associated with
errors (n=12) and studies that included all types
of medication error, without differentiation (n=7).
Seventeen articles, reporting the findings of 16
unique studies, were included in the review.!'1-?7]

3.1 Settings

Most studies were conducted in the US (7/16)
or the UK (3/16). Other countries included Aus-
tralia (n=2), Belgium (n=1), Canada (n=1),
Croatia (n=1) and the Netherlands (n=1). Over
two-thirds were published after 2000 (11/16), and
most (13/16) were conducted in university-
affiliated hospitals. One study was conducted in
two paediatric hospitals,['% one in a specialist eye
hospital®¥ and one did not state its location.!>!
The majority of studies (13/16) were carried out
in single hospital sites and three studies were
carried out on two sites.[13:16:20]

Six studies were carried out only in adult speci-
alities or wards;[!>19-2125.26] three studies included
only children’s specialties or were conducted ex-
clusively in paediatric hospitals.'116-271 Two (re-
ported in three articles) included prescriptions for
both adults and children,!'”-?>23 and the remaining
five did not state the ages of the patients.!!3-15:18.24
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Potentially relevant articles
identified and screened for
retrieval (n = 1268)

Articles that did not meet
inclusion criteria, based on
abstract (n = 1182)

A4

Articles retrieved for more
detailed evaluation (n = 86)

Articles excluded:

not investigating causes/
factors associated with
errors (n = 12)

no empirically collected
data (n=17)

patients not admitted to
hospital (n = 2)

errors by non-medical
prescribers (n = 5)

review or editorial
articles (n = 15)

combined all types of
medication errors (n = 7)

used hypothetical cases (n = 3)

Y

Potentially appropriate
articles to be included (n = 25)

Articles excluded:

duplicate articles (n = 4)
republished same data (n = 1)
unobtainable (n = 3)

A4
Articles with usable information
(n =17), reporting on a total
of 16 studies

Fig. 1. Flow diagram of the screening process.

Five studies (reported in six articles) included pre-
scriptions from all or the vast majority of wards
and specialities within the study site(s).!!>16-18.22-24]
The remainder only provided error data for a sin-
gle ward,[11:121921.23] 3 Jimited number of special-
ties!14.17:19:20.26.271 o1 4 single group of doctors.[!?!

3.2 Study Design

Seven studies!!1:131419-21.25] reported data on the
causes of prescribing errors (table I) and nine studies
(reported in ten articles)!!>15-18.22-24.26.27 reported

Drug Saf 2009; 32 (10)
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Table I. Studies reporting on the causes of prescribing errors

Study (y) Country  Study Setting Study Adults or  Error data Method of Methods for collection ~ Who collected data
sites duration children type type of identification of causes data errors causes data
of data of error
study collection
Buckley etal.'  US Teaching ICU 5mo C P Outcome- Observations Observation Pharmacists Pharmacists
(2007) hospital based when following
(n=1) one nurse around
for entire shift
Coombes et al.l'® Australia Teaching NS 5mo NS P Process- NS Semi-structured NS Researchers
(2008) hospital based qualitative interviews,
(n=1) discussion with
pharmacist, review of
medication chart and
medical records
Dean et al.l'4l UK Teaching Medical and 8wk NS P Process- Asked Semi-structured Ward Researchers
(2002) hospital surgical based pharmacist to qualitative interviews, pharmacists
(n=1) specialties inform them of questionnaires and
any potentially review of medical notes
serious to obtain additional
prescribing errors  relevant information
made by doctors
for inpatients
Kopp et al.[191? us Teaching Medical/surgical 17d A P Outcome- Direct Observation of nursing  Two Two pharmacy
(2006) hospital ICU based observation station and, therefore,  pharmacy residents
(n=1) and all conversations about residents specializing in
process- medicines specializing critical care
based in critical
care
Leape et al.l?% us Teaching ICU (n=5) and 6mo A P Outcome- Voluntary reports Interviews of all parties  Trained Peer case
(1995) hospital ~ general medical based and review of with knowledge of the  nurse investigator
(n=2) units (n=6) and medical records  incident using investigators
process- structured form
based
Lederman and Australia Teaching HIV ward 3wk A P Process- Observation of Structured interviews Pharmacists Researchers
Parkes?' (2005) hospital based pharmacist doing
(n=1) rounds
Patterson et al.?% US NS Oncology patient NS A R Outcome- Detected by Qualitative interviews NS Researchers
(2004) based doctor as part of  with five people using

usual work

the critical decision
method

a The study by Kopp et al. appears in tables | and Il because it contains both causality data and data relating to factors associated with errors.

A =adults; C=children; ICU =intensive care unit; NS =not stated; outcome-based =reporting findings of actual or potential patient harm; P =prospective; process-based =report-
ing findings from prescription review; R =retrospective.
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Table Il. Studies reporting on factors associated with prescribing errors

Study (y) Country Study Setting Study Adults or Error data Method of Factors associated with Who collected data
sites period children identification prescribing errors
type of type of data Of errors type of method errors factors
study  collection study associated
with errors
Colpaert Belgium Teaching ICU 5wk A P Process-  Analysisof P Correlations Clinical Clinical
etal.l'? hospital based every between patient pharmacist  pharmacist
(2006) (n=1) medication characteristics,
order of number of drug
randomly prescriptions and
selected the number of
patients medication
prescribing errors
Fijn et al.'  Netherlands Teaching All wards 2wk NS R Process- NS Pand A retrospective, NS NS
(2002) hospital based R explorative, case-
(n=2) control study was
performed. Random
samples of
prescriptions with
one or multiple errors
were analysed for
associated factors
Folli et al.l'®  US Children’s  All wards 6mo C P Process-  Usual P Data collected at Clinical Clinical
(1987) hospital based screening of same time as errors pharmacist ~ pharmacist
(n=2) prescriptions data. Conducted
in pharmacy statistical
comparisons
Hendey us Teaching Doctorsinadult 1mo AandC R Process- Detectedas R Performed a Pharmacists Two research
etal.l'” hospital medical/surgical based part of usual subgroup analysis to and two assistants
(2005) (n=1) wards and screening by determine error rates research
critical care pharmacists based on time of day, assistants
areas level of training and
acuity level of the unit
where the order was
written
Ho etal.l'®  Canada Teaching All wards 25wk NS P Process- Detectedas P By recording of Dispensary  Dispensary
(1992) hospital based part of usual details of the pharmacists pharmacists
(n=1) screening by prescriber and
pharmacists circumstances of the
error when detected
by pharmacist
Continued next page
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Table Il. Contd

Study (y) Country Study Setting Study Adults or Error data Method of Factors associated with Who collected data
sites period children identification prescribing errors
type of type of data ©f errors type of method errors factors
study  collection study associated
with errors
Kopp et al.l'9 US Teaching Medical/surgical 17d A P Outcome-  Direct P Observation of Two Two pharmacy
2006 hospital ICU based and observation nursing station pharmacy residents
(n=1) process- and, therefore, all residents specializing in
based conversations specializing critical care
about medicines in critical care
Lesar us Teaching  All wards 9y AandC P Process-  Detectedas P Data collected from  Pharmacists Researchers
et al.[3 hospital and based part of usual prescriptions, notes and pharmacists
(1997) and (n=2) 1y screening by and other factors
Lesar et al.l?2 pharmacists assigned by
(1997) and patient- researchers during
record review review. The
statistical
significance of group
differences in error
rates was
determined
Mandal UK Specialist  All wards 1imo NS P Process- Detectedas P Non-statistical Three Three
et al.?4 eye based part of usual comparison dispensing  dispensing
(2005) hospital screening by pharmacists pharmacists
(n=1) pharmacists
Vrca et al.?§l Croatia Teaching Different wards 25wk A P Process- Medical- P Non-statistical A pharmacist A pharmacist
(2005) hospital  of the Clinic of based record comparison and and physician
(n=1) Internal analysis physician evaluated the
Medicine evaluated the medication
medication  records
records
Wilson UK Teaching PCW and four- 2y C P Outcome-  Adverse R Contrasts between  Study’s Errors were
et al.[”] hospital bed paediatric based and incident- year 1 and year 2, authors documented by
(1998) (n=2) cardiac ICU process- reporting and between PCICU collected nurses,
based scheme and PCW, were incident pharmacists and
reported in turn as reports doctors using
rate ratios, relative ~ made by standardized
to counts of pharmacists, incident-report
admissions, inpatient doctors and  forms. Analysis
days and clinical nurses conducted by

events

researchers

A=adults; C=children; ICU =intensive care unit; NS = not stated; outcome-based = reporting findings of actual or potential patient harm; P = prospective; PCICU = paediatric cardiac
intensive care unit; PCW =paediatric cardiac ward; process-based =reporting findings from prescription review; R =retrospective.
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data on the factors associated with prescribing er-
rors (table II). One study reported data on both.l!”]

Most studies (13/16) collected prescribing
error data prospectively and data on their causes
were collected retrospectively. These causality
data were collected in a variety of ways, using
qualitative, semi-structured interviews,!3-14.23]
structured interviews?*2!l or participant ob-
servation of interactions between the doctor and
other healthcare professionals.l'!:'°1 All but one
study?!l used open questions to ascertain the
cause. Data about causes were usually collected
by the authors. Data on associated factors were
collected at the same time as error data for eight
studies,!1215:16:18.22-24.26] and retrospectively using
other data sources in two studies.['”-?”l Pharma-
cists, physicians and nurses were the usual data
collectors for errors and associated factors.

The majority of studies (11/16) were process-
based, meaning that they reported the findings of
healthcare professionals reviewing prescriptions,
usually as part of routine work.[?8! This type of
study does not measure harm because the error is
detected and reported to the prescriber before the
medication is given to the patient. Only two were
outcome-based studies,[!!-25] measuring actual or
potential patient harm by reporting ADEs.[?8!
A further three studies were both process- and
outcome-based in that they investigated both
incident reports (some of which included actual
adverse events) and prescribing errors detected in
the prescription itself.[19-20-27]

The definition of a prescribing error varied
enormously. Most studies provided definitions of
their own; five studies!!!-1420 ysed previously
developed definitions by Bates et al.,[*’ Dean
et al.3% or National Co-ordinating Council for
Medication Error Reporting and Prevention.[3!]
Two studies did not state any definitions!!>-2!1 but
provided detailed data on the types of prescribing
errors included. Two studies used a definition
based on actual or potential patient harm.[!!-20]

3.3 Reason’s Model of Accident Causation

The authors of five studies used Reason’s model
of accident causation!® to describe their findings,
either explicitlyl!314291 or implicitly.['!-1°1 We

© 2009 Adis Data Information BV. All rights reserved.

categorized the remainder similarly. The data
from all seven studies that investigated causes are
presented in table III, grouped by the stages of
Reason’s model. Table IV presents the findings
from the studies that reported on factors asso-
ciated with errors. All such associated factors
were classified as error-provoking conditions®!
because they were not the unsafe acts themselves.

3.4 Active Failures

Active failures are the unsafe acts committed
by the prescribers in contact with the patient.
Therefore, all errors would be expected to be as a
result of at least one active failure. Knowledge-
based mistakes were the most common failure
cited in five studies.!'!-!3:19:20.25] Prescribers told
the researchers that the errors had occurred be-
cause they did not know enough either about the
drug they were prescribing!!3-2%-25 or about the
patient they were prescribing it for.['%2%1 Most of
the mistakes reported in these studies related to
the dose of the drug prescribed. Examples given
included prescribing the wrong dose of anti-
coagulant''l or not knowing that a patient’s
co-morbidity was a contraindication for the pre-
scribed medicine.?’l Rule-based mistakes, where
there was lack of knowledge of a rule (such as
how to reduce doses in renal failure), as well as
the application of the wrong rule, were reported
in one study as being a common active failure.l'4
However, the authors acknowledged that the
interviewed doctors may have used this as a
“socially acceptable construction of ignorance™.

Skill-based slips and memory lapses were de-
scribed in five studies(!!-13:14:19.20] where, for ex-
ample, prescribers were interrupted during a task
or were busy when they made the error. Such
slips were the most common active failure in
one study.[' When directly asked, however,
prescribers were not always able to explain ex-
actly why the slips and lapses had occurred.[']

Violations are active choices by the prescriber
to ignore the formal or informal policies or
guidelines they are expected to adhere to. These
were reported in four studies.['!:1419:201 Examples
included prescribing by a medical student that
was improperly checked!'¥ and doctors failing to

Drug Saf 2009; 32 (10)
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Table . Main findings of studies reporting causes of prescribing errors, grouped by stages of Reason’s model of accident causation!®!

Study Country  Setting Active failures (individual unsafe  Error-provoking conditions (task and environment) Latent conditions (organizational processes)
(y) acts)
Buckley et al.['] us ICU Knowledge-based mistakes:
(2007) lack of drug knowledge
Violations
Slips and lapses
Coombes etal.l’®  Australia NS Knowledge-based mistakes Median of 4 (2-5) per error Low importance attached to re-prescribing
(2008) Slips Prescriber: hungry, thirsty or tired; low morale or Simultaneous multiple-prescribing tasks
distracted; inadequate knowledge, skill, experience or  Perception of prescribing as a chore
training Lack of training in drug knowledge and
Working environment: staffing levels prescribing skills
inadequate/unfamiliar with patient Long hours scheduled
Workload: high workload; long hours; pressure. Staffing numbers
Healthcare team: communication problems; remote Need to admit specialist patients out of hours
unclear or lack of supervision; trust or assume that
senior checks; decision by senior; detail by junior;
weighing risks and benefits; responsibility too great
Prescribing task: medical chart layout or location;
ambiguous or unavailable guidelines
Patient: complex problem, acute problem;
communication difficulties
Dean et al.['¥ UK Medical and Skill-based slips/lapses: busy or 182 cited about 44 errors Attitude: prescribing not considered important;
(2002) surgical interrupted during routine tasks Individual prescriber: skills and knowledge, including do not learn about drug doses at medical
specialties Rule-based mistakes: absence training, knowledge and experience and calculations;  school; transcription is not prescribing; low self-
of knowledge of a relevant rule;  physical health (tired, hungry or unwell); mental health  awareness about making errors
application of the wrong rule (low morale) Culture within team: lack of questioning
Violations Working environment: staffing, including inadequate,
new or locum staff and dealing with another doctor’s
patient; heavy workload; physical environment
Healthcare team: responsibility; communication,
e.g. inability to read hand writing, absence of
documentation; supervision
Prescribing task: not routine, protocols
Patient: complex clinical disease; unhelpful;
language and communication problems
Kopp et al.['®] us Medical/surgical ~ Knowledge-based mistakes: Healthcare team: faulty interaction with other services
(2006) ICU lack of drug knowledge; lack of
patient information
Rule violations: inadequate
monitoring
Slips and memory lapses
Leape et al.l2% us ICU (n=5) and Knowledge-based mistakes: 1 cited per error Poor allergy defence systems
(1995) general medical lack of knowledge of drug, Individual prescriber: poor knowledge dissemination Lack of feedback systems
units (n=6) interactions and doses; lack of Working environment: poor staff and work Poor conflict resolution

Continued next page
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Latent conditions (organizational processes)
Logistical problems with knowledge transfer

in prescribing
Reluctance to question people with greater

Difficult to access specialized expertize
authority

Pharmacy systems separate from clinical
(at weekend)

services
Difficulties in storing data

patient-related knowledge not delivered efficiently;
slow access to information; lack of access to
Healthcare team: failure to communicate intents/plans
behind orders; unwarranted shifts in planning at staff
changeover; not rechecking after query ‘are you

information; lack of access to patient information;
workstations to find information

Prescribing task: lack of standardization of doses,

Error-provoking conditions (task and environment)
frequencies and other procedures

1 cited for 31 errors and 2 cited for 7 errors
Working environment: lack of access to drug
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sure?’; responsibility for patient care ambiguously

distributed

Working environment: communication quality
negatively influenced by medium used

not stated.

intensive care unit; NS =

ICU=

provide all the information they knew was re-
quired on a prescription.!'! In addition, some of
the active failures listed in this section could also
be classed as violations of informal rules of
practice, such as writing the prescription regard-
less of whether or not the prescriber had adequate
information about the drug being prescribed.

3.5 Error-Provoking Conditions

Error-provoking conditions are related to the
task and the environment at the time when the
error occurs. They do not directly cause errors,
but are latent risk factors for them because active
failures are more likely when they are present. In
the context of prescribing, these error-provoking
conditions can be categorized as being related to
the individual prescriber, their immediate work-
ing environment, the broader healthcare team,
the prescribing task and the patient. Most studies
of error-provoking conditions reported only a
single condition per error, with four studies re-
porting multiple conditions per error.[!3:14.21.23]
Coombes et al.l'3l and Patterson et al.?%] de-
scribed in detail the interaction between multiple
error-provoking conditions in creating the con-
ditions suitable for an active failure to occur.

3.5.1 Individual Prescriber

Since errors due to lack of knowledge about
specific drugs were described as one of the most
common active failures, it is unsurprising that
lack of training and experience of the prescriber
was also reported as an error-provoking condi-
tion.[!3-14201 Junior doctors were reported as
making more errors in several studies.[!6-18-27]
However, these findings are inconclusive because
not all studies adjusted the number of errors for
overall prescribing rates.['3?71 In one study, ju-
nior doctors wrote more prescriptions than their
senior colleagues did, but had a similar error rate
when not on call.l'”! Lesar et al.?3! did not find a
change in the error rates as the house-staff
training year progressed, although they did not
look separately at error rates for each grade of
doctor. Wilson et al.,?”1 on the other hand, found
an increase in the number of errors reported
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Table IV. Main findings of studies that explore factors associated with prescribing errors

Study (y) Setting

Error-provoking conditions (task and environment)

Colpaert et al.['?1 (2006)  ICU

Coombes et al.l'3 (2008) NS

Fijn et al.l'3! (2002) All wards
Folli et al.l'® (1987) All wards
Hendey et al.['”1 (2005) Doctors in adult medical/surgical

wards and critical care areas

Ho et al.l'® (1992) All wards

Kopp et al.['1 (2006) Medical/surgical ICU

Lesar et al.l?3 (1997) and  All wards
Lesar et al.l??1 (1997)

Prescribing task: a trend toward more prescription errors with increasing
number of drug orders per patient (R?=0.431)

Prescribing task: errors with new prescriptions, median of five different
factors mentioned; errors with re-prescribing, median of three different
factors mentioned

Prescribing task: univariate analysis: the number of drugs prescribed daily
per prescriber, and the weekday of prescribing predictors of prescribing
errors. Disappeared after multivariable analysis; multivariate analysis:
preadmission drugs (OR 1.7, 95% CI 1.3, 2.3)

Patient: multivariate analysis: individual patient characteristics were

not associated with errors; multivariate analysis: medical speciality

(e.g. orthopaedic surgery OR 3.6, 95% Cl 2.1, 5.4), dosage form (e.g. eye
preparations OR 11.1, 95% Cl 4.3, 28.5), therapeutic area (e.g. cancer
therapy OR 2.6, 95% CI 1.0, 6.5)

Individual prescriber: the frequency of errant medication orders declined
as physicians training status increased (p <0.001)

Patient: error rate per 100 patient days was greater for paediatric ICU
patients: 3.26 vs 1.52 per 100 patient days (p <0.001); potentially lethal
errors greatest in the paediatric ICU: 0.29 vs 0.09 per 100 patient days
(p<0.001)

Individual prescriber: increased error rate for overnight and post-call orders
in comparison to off-call physicians: 2.7% vs 1.90% (OR 1.44, 95% CI 1.06,
1.95); postgraduate year-1 physicians had a significantly higher overnight
error rate compared with their off-call rate: 4.23% vs 1.90%; postgraduate
year-1 physicians had a similar error rate to postgraduates year-5 physicians
when off-call but rate was significantly higher overnight: 4.23% vs 0.52%
Patient: errors rates were significantly higher on the medical/surgical wards
during the overnight and post-call (p=0.005). In the critical care area, the
overnight and post-call error rates were significantly lower than the off-call
periods

Individual prescriber: error rates associated with experience of doctors:
number of errors detected = 1330; resident physicians: 479 (36%), interns:
355 (27%), staff physicians: 350 (26%), medical student interns: 146 (11%)
Patient: wards associated with most errors: emergency unit: 11.4 per 1000
orders; medical teaching wards: 8.7 per 1000 orders; surgical wards: 8 per
1000 orders; renal ward: 6.6 per 1000 orders; geriatric/rehab: 5.7 per 1000
orders; palliative care: 5.2 per 1000 orders

Variables associated with preventable adverse drug events

Prescribing task: increasing number of medicines: IRR 1.64 (1.16-2.32)
per medicine

Patient: male sex of patient. IRR 1.7 (1.1-2.62)

Increasing patient age: IRR 1.01 (1.00-1.02) per year

Individual prescriber: total error rates per 1000 medication orders were
highest between 0800h and 1200h, and lowest between 2400h and 0400h:
2.9 per 1000 medication orders and 1.8 per 1000 medication orders
(p<0.001), respectively. Serious error rates were highest between 0800h
and 1200h and 1600h and 2000h, and lowest between 2400h and 0400h:
0.6 per 1000 medication orders and 0.3 per 1000 medication orders
(p<0.001), respectively. The error rate per 1000 orders varied significantly
by month (p<0.001), with the highest error rate occurring in November and
the lowest in February. No significant trend in error rate occurred as the
July—June house-staff training year progressed

Patient: errors greatest for paediatric service and emergency: 5.93 per 1000

Continued next page
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Table IV. Contd

Study (y) Setting Error-provoking conditions (task and environment)
medication orders and 5.5 per 1000 medication orders (p <0.001),
respectively

Mandal et al.?4! (2005) Eye hospital Individual prescriber: no statistical comparison between errors made by

different grades of doctor. All drug-related errors (defined as incorrect drug
dose or timing or incorrect route of administration) were made by junior
doctors (n=15 [100%])

Vrca et al.?81 (2005) Different wards of the Clinic of

Internal Medicine
PCW and four-bed paediatric
cardiac ICU

Wilson et al.?71 (1998)

Patient: errors increased with increasing age. Age group 41-50y: 1.94% of
prescriptions had errors; 51-60y: 15.5%; 61-70y: 16.4%; 71-78y: 24.6%
Individual prescriber: prescription errors doubled when new doctors joined
the rotation: ratio for new doctors vs no new doctors was 173: 112 (1.55)

Patient: errors more than 7-fold likely to occur in the intensive care setting

ICU =intensive care unit; IRR=incident rate ratio; NS =not stated; OR =odds ratio; PCW = paediatric cardiac ward.

spontaneously when junior doctors started
working in a specialist paediatric centre.

Doctors described their physical or mental
health during interviews, portraying themselves
as tired, hungry, thirsty, unwell or with low mood
at the time of the error occurrence.['3:!4 This was
frequently coupled with hurrying and feelings of
excessive work load.['314 Error rates were found
to be highest at the busiest time of the day for
prescription writing in one study.l?3! In another
study, univariate analysis indicated that the daily
prescribing load for individual doctors was a
predictor of error rate, but this disappeared when
controlling for other factors in the multivariate
analysis.l'3) Occurrence of errors were sig-
nificantly associated with prescribing during or
immediately following a night on-call, especially
for first-year doctors.['”l Although the authors
suggested that sleep deprivation or fatigue might
have been causative factors, they also recognized
that they did not measure the amount of sleep
obtained or other confounders such as levels of
supervision available.

3.5.2 Working Environment

The working environment was not investigated
as a factor associated with error occurrence, but
was raised during interview studies. Low-staffing
levels at the time of the error were described
in three studies as an error-provoking condi-
tion.['314.201 Prescribers described their physical
environment as being an error-provoking condi-
tion, such as the lack of a desk[!¥! or access to a
computer.?!l The latter contributed to lack of ac-

© 2009 Adis Data Information BV. All rights reserved.

cess to necessary drug and patient information,
although this also occurred with non-computerized
records.?%!

3.5.3 Healthcare Team

Issues were raised that were associated with
prescribing for another doctor’s patients!!¥
and with ambiguity about responsibility for pa-
tients,!'3:1425 including quality of supervision for
junior doctors.I'3! Lack of, or poor quality of,
communication or documentation was a frequently
mentioned error-provoking condition.[!3-14.19-21,25]
It was the main problem described by Patterson
et al.,”! in a detailed account of the impact of
communication problems on a single severe error.
Poor or no communication occurred via the
telephone,!?*! paper!!*>3! and computers.[?!'1 The
negative impact of the medium of communica-
tion was discussed in detail by Patterson et al.,[?’]
for example, when colleagues on the telephone
could not see that the error resulted in an overly
large volume of parenteral medication being
prepared, which would have been immediately
obvious during the equivalent face-to-face
communication.[?]

3.5.4 Prescribing Task

Non-routinel'*?3! and non-standardized?"

prescribing tasks were mentioned as error-
provoking conditions. Positive associations have
been reported between increasing numbers of
drugs prescribed and both errors!'? and pre-
ventable adverse events.'”l The layout of the
prescription chart was referred to in one study,[!3!
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although specific details were not given. The
route of administration also increased the odds of
an error occurring, especially via eye drops (odds
ratio [OR] 11.1; 95% CI 4.3, 28.5) and inhalation
(OR 4.1;95% CI 2.6, 6.6), as did the fact that the
drug had been prescribed prior to admission to
hospital (OR 1.7; 95% CI 1.3, 2.3).['3 Coombes
et al.l3 found different error-provoking condi-
tions associated with errors with new prescrip-
tions compared with rewritten prescriptions
(such as re-prescribing medication on admission
or discharge). For errors with new prescriptions,
the major factors identified concerned the health-
care team, the individual prescriber and the pa-
tient. For re-prescribing errors, they were related
to the working environment, the task and the
duration of experience of the junior doctor.

3.5.5 The Patient

Prescribing for patients with acute or complex
clinical diseases,!!3-!*] who were unhelpful or who
had language difficulties,'¥ was reported by
doctors as being more likely to result in errors.
However, patient characteristics were variable
in their association with prescribing errors. Fijn
et al.l'l did not find them predictive of errors
in either univariate or multivariate analysis. In
other studies, however, increasing rates of errors
were associated with increasing age of adult pa-
tients?%l and children,?* and preventable adverse
events were associated with increasing age and
male patients.[!*]

The patient’s ward was considered as a broad
proxy for the type and severity of the patient’s
medical condition. Children on intensive care
units were at greater risk of errors than those on
general wards.'®27l Medical and surgical wards
(particularly orthopaedict'®) were associated
with greater error rates compared with all other
types of wards.[!5-18]

3.6 Latent Conditions

Latent conditions are the organizational pro-
cesses that create an environment where error-
provoking conditions and active failures are more
likely to result in prescribing errors. They were
described in five studies during open questioning
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of the prescribers as potential causes of their er-
rors,[13-14:20.21.23] byt were not investigated in any
study as possible factors associated with errors.

A reluctance to question more senior collea-
gues in the medical team was reported in two
studies,['*2] and poor conflict resolution was
reported in another.?”) Both Coombes et al.l'3!
and Dean et al.'"¥ found that some doctors had
the attitude that prescribing, especially re-
prescribing, was not an important task. In some
studies it was found that drug knowledge, dose
selection and prescribing skills were not formally
taught,['>14 and, in one of these, there was low
self-awareness among doctors that they actually
made prescribing errors.'¥ A lack of feedback
when prescribing errors occurred was found in
another study,?”! which could potentially con-
tribute to this lack of awareness.

Other latent conditions that were described
included lack of integration of clinical and phar-
macy computer systems, with logistic problems in
transfer of prescribing information;?! junior
doctors who had been forced to work long hours
because ward rounds were early or late in the
day!!3! and working rotas that were organized so
that there was difficulty in accessing specialist
staff at the weekend.[>]

4. Discussion

Combining the evidence from the literature
about both the causes of and factors associated
with the prescribing errors has helped to shed
greater light on why and how errors occur. How-
ever, the nature of the findings means that it was
not possible to quantify the prevalence of the
various causes of prescribing errors. Some studies
used qualitative methods where quantification
was obviously not sought.l'31423 Some limited
their investigation to errors caused by particular
error-provoking conditions, especially poor
communication.l?-23 Other, quantitative, studies
of causes were conducted in specialist areas, such
as intensive carel!!\191 or HIV treatment,?!! or only
included the subset of prescribing errors that
caused actual harm or were potentially harm-
ful.P9 Similarly, several studies of the factors
associated with prescribing errors were also
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carried out in specialist areas, including oph-
thalmology™®¥ and intensive care.['>2”] Findings
from these studies will not necessarily be gen-
eralizable to all hospital wards or to a broader
range of errors. Despite this, there was some
consistency with regard to the nature of the cau-
ses of and factors associated with prescribing
errors that were identified by the included studies.

Knowledge-based mistakes, especially about
the dose of the drug and the patient’s co-
morbidities, were described as common in most
studies and occurred across a broad range of
study settings. Slips, lapses and violations were
also described, but less often. Lack of training
and lack of experience of the prescriber were de-
scribed as error-provoking conditions, and there
was some evidence to suggest that working con-
ditions, such as busyness or fatigue, caused errors
and were associated with higher error rates. Poor
communication systems between healthcare pro-
fessionals were also described as contributing to
prescribing errors. There was some evidence to
suggest that errors were more common in older
patients and children on intensive care wards,
and that errors increased as the number of pre-
scribed drugs per patient increased. Latent con-
ditions were reported in only a few studies and
related particularly to the reluctance to discuss
errors and lack of formal teaching or feedback
within the hospitals.

Our review has a number of limitations. Re-
levant studies that were not indexed by the data-
bases that we searched (and not cited by studies
found) could not be included. Non-English lan-
guage studies were excluded, because of limita-
tions within our group to translate them. We also
excluded abstracts due to the limited information
therein. Therefore, international work or work in
progress may exist that could further add to our
understanding of the causes or factors associated
with prescribing errors.

Many studies were excluded from the review
because the data that were purported to be about
the causes of errors had been surmized by the re-
searchers (figure 1). Some of the studies provided
particularly poor accounts of their methods.
Consequently, the task of deciphering whether
all or only some of the causality data had been
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collected empirically was often problematic.
Although some errors could have been caused by
the active failures suggested by the researchers,
supposition may not have accurately identified
the causes of those particular errors. Leape
et al.”% showed how a single type of medication
error (the patient receiving the wrong dose) could
have been caused by one of several active failures,
including lack of knowledge about the drug, rule
violation, faulty dose-checking procedures or
slips. Although these data included administra-
tion as well as prescribing errors, they still illus-
trate the need to collect empirical data about the
causes of each error included in a study.

Included studies exhibited various limitations
dependent on the methodological approach that
they took. Studies that utilized observational
techniques were open to the Hawthorne effect
(i.e. subjects modifying their behaviour due to the
fact that they are being observed),l'’!*T and doc-
tors may have improved or altered their pre-
scribing if they were aware that they were being
observed. Those studies that incorporated inter-
views could also be affected by social desirability
bias and doctors may have responded to ques-
tioning in a way that they perceived to be socially
acceptable,l'* especially when asked about
potential violations. Spontaneous reporting of
errors may lead to underestimation of the pre-
valence of errors which, in turn, may lead to in-
accuracies in interpreting the factors associated
with the errors reported.l'>?”1 No one study ex-
amined all of the possible causes for a large
number of errors and it was not possible to gauge
their relative importance. The potential for con-
founding between some error-producing condi-
tions (such as the number of drugs prescribed and
severity of illness) was examined in only one
study.[13]

Active failures due to lack of knowledge,
especially regarding appropriate doses to pre-
scribe, were very commonly described in the in-
cluded studies. We have previously reported that
the most prevalent type of prescribing error de-
scribed in the literature is dose-related!”! and this
could therefore explain this finding. Informa-
tion technology, such as electronic prescribing
(e-prescribing), has been shown to reduce many
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prescribing errors, including dosage errors.l3?

Clinical pharmacologists have expressed concerns
that newly graduated doctors have not received
adequate undergraduate training on prescrib-
ing!33-3 and recommend additional education in
clinical pharmacology and therapeutics. New
graduates themselves report feeling unprepared
when they begin prescribing.?>-37) Not all doctors
agree that detailed training in prescribing could be
included in the undergraduate curriculum.8
Reasons include regional variations in the specific
drugs recommended in hospital formularies.
However, basic principles of safe prescribing could
be taught to undergraduates, supplemented by
continuing education when practising.

It has been recognized that much of a junior
doctor’s learning occurs in the workplace, in an
‘apprenticeship” model.3>4 In one survey, ju-
nior doctors reported that they learnt safe pre-
scribing practice by copying other physicians.[*!]
In contrast to the formal teaching and training
that people often equate with learning, informal
learning occurs as part of routine work and is
often invisible and, hence, unrecognized.[*’]
Pharmacists routinely discuss and clarify errant
prescriptions with doctors. This is a potentially
powerful educational opportunity, which may
go unnoticed and which should be utilized more
explicitly as a feedback opportunity.

Doctors were not always aware that they had
actually made prescribing errors until they were
pointed out to them.['¥l Elsewhere, it was found
that one-third of intensive care staff did not ac-
knowledge that they actually made errors.*3
Learning from prescribing errors is impossible if
doctors neither know nor acknowledge that they
make them. A pilot study has shown it to be fea-
sible to feed information back about prescribing
errors formally to medical teams to improve on
this, although unfortunately not to individual pre-
scribers.[*4 Advances in training in safe prescribing
have been proposed for both medical students>-47]
and junior doctors.*®4% The impact of these in-
terventions on the reduction of prescribing errors,
however, has not been investigated.

Although the lack of undergraduate clinical
pharmacology tuition has been proposed by
clinical pharmacologists as the ‘likely’ cause of
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increasing patient morbidity due to prescribing
errors,’¥ there were many other causes reported
in these studies that cast doubt on this suggestion.
Tiredness, work overload and stress were all cited
in multiple articles as error-provoking condi-
tions. These were described by the doctors in one
study as being more likely to contribute to an
error than was lack of knowledge.!]

Although frequently cited in these studies as
an error-provoking condition, the evidence that
fatigue has a causal link with clinical perfor-
mance is mostly based on simulation or prox-
ies.0%311 No correlation has also been found
between proxies for fatigue such as work hours or
shift length and either medication errorsi®>33 or
adverse events.’ Nonetheless, other hazardous
industries, such as aviation, do not tolerate the
shifts of 24-36 hours that have been (and perhaps
still arel>!) common in medicine.[’®! Limitations
to doctors’ hours of work have taken place in
both the US and the UK over the past decade,
implemented by the Accreditation Council of
Graduate Medical Education and the European
Working Time Directive, although the former’s
impact on working hours in the US (and poten-
tially patient safety) may not be great.[>3

It has been suggested that fatigue may make
stress more difficult to cope with.’*! The latter has
also been reported as an error-provoking condition
for both prescribing errors!'*'“l and medication
errors more broadly.’® One study has demon-
strated that prescribers who are stressed and burnt
out do not show an increase in medication errors,
whereas colleagues who are experiencing depres-
sion have been shown to make more medication
errors.’”] Another study, where a comparison with
airline pilots was made, demonstrated that doctors
may be worse at recognizing the potential impact
that stress could have on their performance.[*3! It
has been suggested that healthcare learns from
the experience of aviation, where pilots have been
taught how to recognize and address perfor-
mance limiters such as stress and fatigue.l®!
Implementation of one such method, crew re-
source-management training, has been shown to
improve stress recognition in an obstetrics unit.[>”!

The way in which employees’ shared attitudes,
beliefs and values impact on how they perceive
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and act on patient safety issues has been called
the ‘safety culture’ of the organization.l®® Two
important aspects of that safety culture are how
employees communicate about safety issues
and the provision of staff education and train-
ing.[90-611 Latent conditions were described in
several included studies, where junior doctors did
not question potential errors by senior doctors
because of potentially negative consequencest!*23!
and did not receive formal postgraduate prescrib-
ing training.['>!4l ‘Shooting the messenger’ and
denial of the problem are two of ‘The Seven
Deadly Sins’ suggested by Inman in recognizing
and addressing patient safety.[°”) The Manchester
Patient Safety Assessment Framework, a typo-
logical qualitative tool to assess patient safety
culture in the UK, would categorize such behav-
iour as being part of a ‘pathological’ safety cul-
ture, warranting reflection and action at an
organizational level.[0!]

There was clear evidence from several stu-
dies!!3-13-21.23] that single prescribing errors can
result from the interaction of multiple error-
provoking conditions. Other authors stated that
they had chosen the most important error-
provoking condition, whilst recognizing that there
could be more than one.?”! An in-depth analysis
of a single, serious error clearly highlighted the
intricate ways in which several error-provoking
conditions (in this case, those concerning com-
munication, education and supervision) could
combine to cause an error.> Even the ward the
patient was on when the error occurred could
represent multiple, inter-related, error-provoking
conditions: it could be a descriptor of the severity
of illness of the patient (such as an intensive care
unit or minor surgery unit), the speciality of the
prescriber (intensivist or surgeon) and the differ-
ent workload intensities in the two units. This
finding is not unique to prescribing errors. Mul-
tiple error-provoking conditions have been
attributed to causing other types of medication
errorsi®®l and medical errors.[]

5. Conclusion

This systematic review shows, from a small
number of empirical studies, that prescribing
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errors are associated with potentially multiple
causes and error-provoking conditions, often
acting together. Prescribers could benefit from
learning both technical skills (such as the appli-
cation of domain knowledge regarding individual
diseases and drugs) and non-technical skills (such
as how to address stress or improve intra- and
inter-professional communication).

However, the complexity of prescribing error
causation means that simplistic solutions or
quick fixes, which address a single cause, are
likely to have only limited benefit. They would
also not deal with the interconnectedness of the
causation system. For example, changing to a
shift pattern for doctors’ hours, to reduce fatigue-
mediated errors, could possibly increase errors
predicated by poor communication between day
and night teams. Existing complex solutions have
been shown to address the problem only par-
tially. E-prescribing systems, whilst reducing
many types of prescribing errors, can give rise to
new types of error, such as during the process of
entering and retrieving information,*®4" and are
not a panacea for reducing all prescribing errors.
Multiple barriers probably need to be put in place
to help prevent, or minimize, the impact of errors
that make it past defences earlier in the causal
chain. Further rigorous study, such as using in-
depth qualitative interviews, should be conducted
to investigate the multifactorial nature of error
causation, especially focusing on how error re-
duction methods might work. It is likely that
multifactorial interventions and multiple de-
fences across many parts of the system will be
required to address this problem.
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