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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Electronic prescribing has been shown to

reduce prescribing errors in US hospitals.
• However we know little about its effect on

prescribing quality, or its effectiveness in UK
hospitals where systems for medication
prescribing and supply are very different.

• Hospital pharmacists already review
prescriptions to both detect errors and
improve prescription quality.

WHAT THIS STUDY ADDS
• Electronic prescribing significantly increased

prescribing quality in a UK hospital, as
shown by fewer pharmacists’ interventions
and fewer prescribing errors.

• However, some new types of error were
introduced.

• There was relatively little overlap between
prescribing errors and pharmacists’
interventions, signifying their different
contributions to prescribing quality.

• Electronic prescribing and pharmacists’
interventions should be viewed as an
integrated system.

AIMS
To investigate the effects of electronic prescribing (EP) on prescribing
quality, as indicated by prescribing errors and pharmacists’ clinical
interventions, in a UK hospital.

METHODS
Prescribing errors and pharmacists’ interventions were recorded by the
ward pharmacist during a 4 week period both pre- and post-EP, with a
second check by the principal investigator. The percentage of new
medication orders with a prescribing error and/or pharmacist’s
intervention was calculated for each study period.

RESULTS
Following the introduction of EP, there was a significant reduction in
both pharmacists’ interventions and prescribing errors. Interventions
reduced from 73 (3.0% of all medication orders) to 45 (1.9%) (95%
confidence interval (CI) for the absolute reduction 0.2, 2.0%), and errors
from 94 (3.8%) to 48 (2.0%) (95% CI 0.9, 2.7%). Ten EP-specific
prescribing errors were identified. Only 52% of pharmacists’
interventions related to a prescribing error pre-EP, and 60% post-EP;
only 40% and 56% of prescribing errors resulted in an intervention pre-
and post-EP, respectively.

CONCLUSIONS
EP improved the quality of prescribing by reducing both prescribing
errors and pharmacists’ clinical interventions. Prescribers and
pharmacists need to be aware of new types of error with EP, so that
they can best target their activities to reduce clinical risk. Pharmacists
may need to change the way they work to complement, rather than
duplicate, the benefits of EP.
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Introduction

Delivering healthcare is not without risk [1]. There are
an estimated 850 000 patient safety incidents per year in
the UK alone [2] with 25 000 resulting deaths [3]. In
the National Patient Safety Agency’s first report on
patient safety incidents [4], medication-related incidents
accounted for 8.6% of reports in acute care settings. While
an error can occur at any stage of the drug-use process
[5, 6], prescribing errors are the most common type in the
USA [7] and it is suspected that the situation is similar in
the UK.

In UK hospitals, pharmacists have had a growing role in
detecting prescribing errors and improving prescription
quality since the late 1960s. As part of their routine duties,
hospital pharmacists frequently make clinical interven-
tions to improve patient care by rectifying prescribing
errors and improving the quality of drug use [8–13]. Not all
prescribing errors will result in a pharmacist’s intervention
(for example, the drug may have already been given and
then discontinued, or the error rectified by another health-
care professional), and not all pharmacists’ interventions
result from prescribing errors (for example, the pharmacist
may suggest changing a correctly prescribed drug to one
that is in the hospital formulary).

Electronic prescribing (EP) has been shown to reduce
prescribing errors in US hospitals [14–19]. However,
systems of medication prescribing and supply are very dif-
ferent in the UK [20] and there have been few UK studies.
Four UK studies have examined prescribing errors before
and after the introduction of EP. However, one study sug-
gesting a decrease in errors in inpatient medication orders
was only published in abstract form [21]. Another, report-
ing no change in the pattern of prescribing errors, gives
little information about the methods used [22]. A third
paper reported a reduction in errors following the intro-
duction of structured prescribing screens, but also gives
little detail of the methods and definitions used [23]. The
fourth study [24], reporting a reduction in prescribing
errors, was based in critical care and its generalizability to
other settings is unknown. There has been little work on
the impact of EP on pharmacists’ interventions; the only UK
study, which reported an increase in interventions and a
change in their nature, was published only in abstract form
[25].There have been no studies of the impact of EP on the
whole process, including both prescribing errors and phar-
macists’ interventions.

An EP system was recently piloted and evaluated on a
general surgical ward in our hospital. We previously pub-
lished a summary of the key results [26]; we demonstrated
significant reductions in the overall incidence of both pre-
scribing errors and nonintravenous medication adminis-
tration errors. We also showed a significant increase in
confirmation of patient identity before medication admin-
istration, and increases in staff time spent on medication-
related activities.

The present paper describes the relationship between
prescribing errors and pharmacists’ interventions, the
severity of the prescribing errors identified, whether they
originated in prescription-writing or the prescribing deci-
sion, and at what stage of the patient’s stay they
occurred. Our aim was to investigate the effects of EP on
prescribing quality, as indicated by different types of pre-
scribing error and the number and types of pharmacists’
clinical interventions. We also describe new types of pre-
scribing error attributable to EP itself and make recom-
mendations for how clinical pharmacists should work
with similar electronic systems to maximize patient
safety.

Methods

Setting and design
The study was approved by Riverside Research Ethics
Committee. We studied a 28-bed general surgery ward in
a London teaching hospital which admitted a wide range
of patients, many with complex medical comorbidities.
The ward received a pharmacy service typical of that in
UK hospitals [20, 27], with a daily visit from the ward phar-
macist on weekdays and a short visit on Saturdays,
described in more detail elsewhere [26]. The pharmacists
checked that each medication order was clear, legal and
clinically appropriate, checked pre-admission drug histo-
ries, resolved any problems identified, initiated the supply
of nonstock medication and provided discharge medica-
tion counselling wherever possible [26]. Pre-EP, medica-
tion orders were prescribed on paper drug charts. The EP
system was a closed-loop system incorporating EP, ward-
based automated dispensing, barcode patient identifica-
tion and electronic medication administration records
(ServeRx: MDG Medical, Israel, version 1 : 13) and is
described in more detail elsewhere [26]. The prescribing
of intravenous fluids and oral anticoagulants remained on
paper post-EP, as did the prescribing of discharge medi-
cation (to take away; TTA) at the time of the study. The
system included a drug dictionary and suggested default
doses; no further decision support was enabled. When
patients were transferred from other wards, their existing
medication orders were transcribed onto the system
by a doctor or pharmacist. The system went live in June
2003.

We used a before-and-after design, and collected data
during two 4 week periods. The first was 3 months pre-EP
(April 2003) and the second 6 months post-EP (November/
December 2003). The same pharmacist provided ward
pharmacy services to the study ward in both data collec-
tion periods. To obtain a denominator for calculating error
and intervention rates, we counted the number of medica-
tion orders written for patients on the ward during each
study period.
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Counting the number of medication orders
written
We recorded the numbers of once-only, regular, when
required (PRN) and intravenous infusion medication orders
written for each patient during their stay on the ward in
each data collection period. The numbers of TTA items
written during each study period were also recorded.
These data were collected retrospectively from paper drug
charts, TTAs, and EP records. Patients’ health records were
examined for this purpose either on the ward immediately
after discharge or by retrieving them retrospectively from
the health records department. The list of patients on the
study ward during each data collection period was com-
piled from the ward’s admissions book. We included TTAs,
intravenous fluids and oral anticoagulants although these
remained on paper charts post-EP.

Medication orders were classified according to
whether they were written on admission, during the inpa-
tient stay, or on re-writing paper charts/transcribing onto
EP [28]. Occasionally medication orders prescribed as a
single item on a paper drug chart were prescribed as two
entries using EP (for example doses requiring more than
one tablet strength). These were counted as two medica-
tion orders post-EP. Medication orders for dietary supple-
ments, blood products, graduated compression hosiery,
anaesthetic agents and patient-controlled analgesia were
excluded. Where patients’ health records could not be
located, we extrapolated the total number of medication
orders written based on the notes actually retrieved.

Prescribing errors and pharmacists’
interventions
The ward pharmacist was asked to record any event that
could be classified as a prescribing error, an intervention, or
both, for inpatient medication orders and TTAs. A prescrib-
ing error was defined as a prescribing decision or
prescription-writing process that results in an uninten-
tional, significant: (i) reduction in the probability of treat-
ment being timely and effective or (ii) increase in the risk of
harm, when compared with generally accepted practice
[29]. According to this definition, developed using consen-
sus methods, prescribing without taking into account the
patient’s clinical status, failure to include essential informa-
tion and errors in transcribing (from one prescription to
another) are all considered prescribing errors [29]. Failures
to adhere to standards such as prescribing guidelines or
the drug’s product licence, were not considered prescrib-
ing errors where these reflected accepted practice. A phar-
macist’s clinical intervention was defined as any proactive
or reactive (in response to a question from another health
care professional) activity undertaken to suggest changes
in drug therapy or monitoring that involved contacting
medical staff. Clarifications of minor ambiguities by phar-
macists writing onto the drug chart or amending elec-
tronic records were excluded, unless they were also
associated with a prescribing error or intervention.

The ward pharmacist was given training in data col-
lection. Dispensary, on-call and weekend pharmacists
were also given guidance notes and asked to record
prescribing errors and interventions relating to the study
ward. A senior clinical pharmacist (BDF) checked all
medication orders weekly for prescribing errors over-
looked either through nonidentification or nonrecording.
Post-EP, this involved screening the ‘active’ medication
orders, with ‘stopped’ medication orders checked as
needed.

Prescribing errors were classified as resulting either
from the process of medication order writing (e.g. missing
information, or copying or selecting details incorrectly) or
the prescribing decision (e.g. deciding on the choice of
drug, formulation or dose) [28]. Errors and interventions
were also classified according to the stage of patient stay
and the stage of the prescribing process in which they
occurred [28].

Scoring the severity of prescribing errors
As described previously [26], a panel of five judges
assessed the potential clinical significance of each pre-
scribing error, based on validated methods [30]. The panel
comprised two senior clinical pharmacists, a care-of-the-
elderly consultant, a clinical pharmacologist and a senior
nurse. Each judge assigned a score from 0 (no harm) to 10
(death), and their mean score for each error was used as an
index of severity. An error with a score of less than 3 was
considered to be minor, a score from 3 to 7 moderate, and
greater than 7 serious. Errors were presented in a random
order so that judges were not aware which were identified
pre- and post-EP.

Analysis
All data were transcribed into Excel and checked by a
second investigator.The 95% confidence intervals (CI) were
calculated for the absolute differences between propor-
tions using the methods of Gardner & Altman [31].

Results

As reported previously [26], we retrieved 113 (88%) of 129
patients’ health care records pre-EP and 126 (86%) of 147
post-EP. We estimated that 2450 medication orders were
written for all patients in the pre-EP sample, and 2353
post-EP.

Pharmacists’ interventions
Pharmacists’ clinical interventions decreased from 73
(3.0% of all medication orders) pre-EP to 45 (1.9%) after-
wards, an absolute reduction of 1.1% (95% CI 0.2%, 2.0%).
The most common interventions both pre- and post-EP
related to the need for drug therapy (either no drug pre-
scribed where one was needed, or drugs prescribed where

P. Donyai et al.

232 / 65:2 / Br J Clin Pharmacol

 13652125, 2008, 2, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/j.1365-2125.2007.02995.x by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [10/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



they were not indicated), and selection of dose.There were
fewer interventions post-EP relating to selection of dose
(24 and 14 pre- and post-EP, respectively) and specification
of instructions for supply or administration (13 and 1 pre-
and post-EP, respectively).

Prescribing errors
Prescribing errors decreased from 94 (3.8%) pre-EP to 48
(2.0%) post-EP. The absolute reduction of 1.8% was statis-
tically significant (95% CI 0.9, 2.7%) [26]. As for pharmacists’
interventions, the most common category of prescribing
errors related to the need for drug therapy and selection of
dose [26]. Figure 1 illustrates the relationship between
errors and pharmacists’ interventions. Only 52% of phar-
macists’ interventions related to a prescribing error pre-EP,
and 60% post-EP. Similarly, only 40% and 56% of prescrib-
ing errors resulted in an intervention pre- and post-EP,
respectively.

Both pre- and post EP, the majority of prescribing errors
originated in the process of writing (or typing) medication
orders rather than in the prescribing decision (Table 1).Pre-
EP, many of these errors involved incomplete or otherwise
ambiguous medication orders; these were generally elimi-
nated by EP. The post-EP reduction in errors originating in
medication order writing was statistically significant (95%
CI for the absolute reduction 0.4, 2.0%), while that in errors
originating in the prescribing decision was not (95% CI 0.0,
1.0%).A total of 32 errors post-EP related to the medication
writing process of which 10 were considered to be caused
by the use of EP itself (Table 2).

In terms of the stage of the patient’s stay, medication
prescribed on admission was associated with the highest
prescribing error rates both pre- and post-EP (Table 3).

Reductions occurred at all stages post-EP, with the excep-
tion of writing the discharge prescription, for which EP was
not yet enabled.

Severity of the prescribing errors identified
Eighteen (19%) and 9 (19%) errors were minor pre- and
post-EP, respectively. The majority (73 (78%) and 33 (69%),
respectively) were of moderate severity. Three (3%) severe
errors were identified pre-EP; these related to medication
orders for concentrated potassium, noradrenaline and fen-
tanyl which were continued following a patient’s transfer
from the intensive care unit. Six (12%) severe errors were
identified post-EP (Table 4); two were considered by author
consensus to be specific to the default functions used by
EP. As reported previously [26], there was no difference in
mean severity scores pre- and post-EP (P = 0.24; unpaired
t-test).

73 (3.0%)

94 (3.8%)

129 (5.3%)

A

38 (1.6%)
Interventions

35 (1.4%)
Errors

56 (2.3%)

45 (2.0%)

48 (2.0%)

66 (2.8%)

B

27 (1.2%)
Interventions

18 (0.8%)
Errors

21 (0.9%)

Figure 1
Prescribing errors and interventions identified pre- (A) and post-EP (B). Percentages are of all medication orders written

Table 1
Prescribing errors originating in the prescribing decision or in medication

order writing

Type of prescribing error (% of all medication orders written)

Origin of prescribing error Pre-EP Post-EP

Prescribing decision 28 13
(1.1%) (0.6%)

Writing medication order 66 35
(2.7%) (1.5%)

Total 94 48
(3.8%) (2.0%)

Electronic prescribing and prescribing quality
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Discussion

This is the first study of the simultaneous impact of EP on
two aspects of prescribing quality: prescribing errors and
pharmacists’ clinical interventions. Pharmacists’ interven-
tions decreased significantly post-EP. The incidence of pre-
scribing errors was also reduced; this was primarily due to

a reduction in errors in medication order writing and
occurred at all stages of the drug use process and through-
out all stages of patient stay, with the exception of at dis-
charge where EP was not used. As we suggest elsewhere
[26], EP may prevent many of the more minor errors that
pharmacists would have previously identified and
corrected.

Table 2
Prescribing errors originating in medication order writing post-EP, together with an indication of whether or not these were specific to EP; PRN = when

required medication

Description of error Number of errors Is this an EP specific error?

Prescription of PRN drugs to be given at an appropriate frequency (e.g. paracetamol 4 hourly), without
specifying the maximum daily dose (e.g. four doses in 24 h)

16 No

Selection of incorrect product from menu 5 Yes

Omission of a drug 3 No
Prescription of PRN drugs to be given 1 hourly 2 Yes

Selection of the incorrect dosing frequency 1 Yes
Prescription of a drug for the wrong patient 1 Uncertain

Prescription of a drug to be given Mondays only when daily was intended 1 Yes
Prescription of an incorrect formulation 1 Yes

Prescription of the same drug twice 1 No
Failure to specify that amiodarone should be reduced to twice daily for 1 week and then once daily,

following loading dose of 200 mg three times daily for 1 week
1 No

Table 3
Number of prescribing errors originating in each stage of the patient’s stay

Origin of prescribing error

Stage of patient stay (% of all medication orders written)

On admission During stay
Rewriting chart/
transcribing onto EP

Writing discharge
prescription Total

Post-EP Pre-EP Post-EP Pre-EP Post-EP Pre-EP Post-EP Pre-EP Post-EP Pre-EP

Prescribing decision 31 2 19 10 0 0 1 1 28 13
(1.6%) (0.5%) (1.6%) (0.8%) (0.3%) (0.6%) (1.1%) (0.6%)

Writing medication order 23 9 29 17 13 9 1 0 66 35
(4.7%) (2.2%) (2.4%) (1.3%) (3.3%) (2.0%) (0.3%) (2.7%) (1.5%)

Total 54 11 48 27 13 9 2 1 94 48
(6.3%) (2.7%) (4.0%) (2.0%) (3.3%) (2.0%) (0.6%) (0.6%) (3.8%) (2.0%)

Table 4
Details of the severe errors identified post-EP, together with an indication of whether or not they were judged to be EP specific

Description of error Number of errors Is this an EP specific error?

Co-prescription of two paracetamol-containing products 2 No
Selection of vancomycin 125 mg capsules when prescribing vancomycin 750 mg twice daily intravenously 1 Yes

Prescribing two tablets of Cocodamol to be taken every hour as required 1 Yes
Prescribing a prophylactic dose of enoxaparin when a full anticoagulation dose should have been used 1 No

Prescribing ceftazidime 1 g three times daily for a patient with very poor renal function who should have
been prescribed 500 mg once daily

1 No

P. Donyai et al.
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As far as we are aware, this is also the first study to
explore the relationship between prescribing errors and
pharmacists’ clinical interventions. Only 52% of pharma-
cists’ interventions related to a prescribing error pre-EP,
and 60% post-EP. Similarly, only 40% and 44% of prescrib-
ing errors resulted in an intervention pre- and post-EP,
respectively. This lack of overlap has implications for the
interpretation of many previous studies where it has been
assumed that the two are synonymous.

The EP system could be refined to reduce further the
incidence of prescribing errors. First, a facility for changing
the default frequency for PRN medication is required. This
would avoid the current problem of drugs being uninten-
tionally prescribed for one-hourly administration. Second,
a facility for specifying the maximum daily dose for PRN
medication would be useful. Third, some additional deci-
sion support is required to prevent the selection of an
inappropriate dosage form for the required route (e.g. cap-
sules for intravenous administration). Finally, some stan-
dard dosing schedules for complex, but standardized,
dosing regimens are needed (such as the oral loading dose
for amiodarone). Other errors could have been prevented
by more advanced forms of decision support, by identify-
ing therapeutic duplication and drug interactions, and by
cross-checking of biochemistry or microbiology results.

As well as reducing the number of prescribing errors,EP
decreased other types of intervention made by the ward
pharmacist.This may be expected to decrease the pharma-
cist’s time requirements. However, a related study shows
that EP increased, rather than decreased, the time required
by the ward pharmacist [32]. We suspect that many issues
were discussed with medical staff in general terms and
were therefore not classified and documented as interven-
tions. There are also other potential reasons for the
increase in time requirements [32].

The present study also highlighted new error types that
were specific to EP. These mainly involved selection of the
incorrect product dose or frequency from a menu, and
inappropriate use or selection of default doses. While the
system reduced straightforward errors in medication order
writing, both prescribers and ward pharmacists need to
be aware of these new types of error so that they can be
identified and rectified, and so that system changes can be
made to prevent them.

Until now, clinical pharmacists have provided the
main source of support in improving the safety and
quality of prescribing in the hospital setting. Our results
show that an EP system reduced prescribing errors,
although at the expense of an increase in staff time [26]
and can be considered an additional approach to achiev-
ing these goals. However, some new types of error were
introduced. Pharmacists need to understand the
strengths and weaknesses of EP; they can then work to
complement (rather than duplicate) its strengths, and to
compensate for its weaknesses. New systems of working
may be required.

Limitations
The method relied on pharmacists identifying and docu-
menting errors and interventions. Previous work [28] sug-
gests that there may be variability between pharmacists in
the numbers of prescribing errors documented; for the
present study we therefore included a quality assurance
check of all medication orders by the principal investigator.
This may account for the higher error rate identified (3.8%)
using otherwise identical methods [28]. We included TTAs,
oral anticoagulants and intravenous infusions in the study,
although these remained on paper post-EP; this was
because we wanted to include the whole system as it oper-
ated in practice.

There has been little work to date comparing the errors
identified with paper-based and electronic prescribing. It
may be more difficult for pharmacists to identify certain
error types with EP. For example, discontinued prescrip-
tions and the recent medication history are not as notice-
able on an electronic system as they are on UK drug charts.
Further work is needed to compare different methods of
prescribing-error identification in different prescribing
systems. It is not known whether this may have affected
our results.The study also took place in one ward with one
EP system; generalizability elsewhere and to other systems
is unknown.

This study is also subject to the inherent limitations of
before and after comparisons which cannot control for
effects of time. Pre-EP data were collected in April, and
post-EP data in November/December. Junior doctors start
in August and change firms in February. Both data collec-
tion periods were therefore about 3 months after doctors
started with new firms. However junior medical staff would
have been slightly less experienced during the post-EP data
collection period. The decline in prescribing errors cannot
therefore be attributed to more experienced medical staff.

In conclusion, EP reduced pharmacists’ interventions
and prescribing errors. Reductions in errors occurred on
admission, during the patient stay and on transcribing.The
reduction occurred in errors of prescription writing rather
than the prescribing decision. However, although there
was an overall benefit in prescription quality, new types of
prescribing error occurred. Prescribers and pharmacists
need to be aware of these new types of error so that they
can best target their activities and the set-up of EP systems
to reduce clinical risk, and so that pharmacists can work to
complement, rather than duplicate, the benefits of EP.

The research was funded by MDG Medical and the Depart-
ment of Health’s Patient Safety Research Programme.
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