
Electronic prescribing
increases uptake of clinical
pharmacologists’
recommendations in the
hospital setting
Anne B. Taegtmeyer,1 Ivanka Curkovic,1 Kaspar Rufibach,3

Natascia Corti,1 Edouard Battegay2 & Gerd A. Kullak-Ublick1

Departments of 1Clinical Pharmacology and Toxicology and 2Internal Medicine, University Hospital

Zurich and 3Division of Biostatistics, Institute for Social and Preventive Medicine, University of Zurich,

Zurich, Switzerland

Correspondence
Prof. Gerd A. Kullak-Ublick, Department of
Clinical Pharmacology and Toxicology,
University Hospital Zurich, Raemistrasse
100, CH8091 Zurich, Switzerland.
Tel.: +41 44 255 1111
Fax: +41 44 255 4411
E-mail: gerd.kullak@usz.ch
----------------------------------------------------------------------

Keywords
clinical pharmacology, electronic
prescribing, hospital
----------------------------------------------------------------------

Received
27 January 2011

Accepted
18 May 2011

Accepted Article
31 May 2011

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Electronic prescribing reduces drug

prescription errors and therefore improves
patient safety.

• Whether electronic prescribing compared
with prescribing on paper facilitates the
implementation of clinical pharmacologists’
recommendations in the care of patients
hospitalized with medical problems is not
known.

WHAT THIS STUDY ADDS
• The use of electronic prescriptions when

compared with handwritten prescriptions
increased the uptake of clinical
pharmacologists’ recommendations for
improving drug safety in hospitalized
patients.

AIMS
To determine whether electronic prescribing facilitates the uptake of
clinical pharmacologists’ recommendations for improving drug safety
in medical inpatients.

METHODS
Electronic case records and prescription charts (either electronic or
paper) of 502 patients hospitalized on medical wards in a large Swiss
teaching hospital between January 2009 and January 2010 were
studied by four junior and four senior clinical pharmacologists.
Drug-related problems were identified and interventions proposed. The
implementation and time delays of these proposed interventions were
compared between the patients for whom paper drug charts were
used and the patients for whom electronic drug charts were used.

RESULTS
One hundred and fifty-eight drug-related problems in 109 hospital
admissions were identified and 145 recommendations were made, of
which 51% were implemented. Admissions with an electronic
prescription chart (n = 90) were found to have 2.74 times higher odds
for implementation of the change than those with a paper prescription
chart (n = 53) (95% confidence interval 1.2, 6.3, P = 0.018, adjusted for
any dependency introduced by patient, ward or clinical team; follow-up
for two cases missing). The time delay between recommendations
being made and their implementation (if any) was minimal (median 1
day) and did not differ between the two groups.

CONCLUSIONS
Electronic prescribing in this hospital setting was associated with
increased implementation of clinical pharmacologists’
recommendations for improving drug safety when compared with
handwritten prescribing on paper.
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Introduction

Electronic prescribing has been shown to reduce system-
atically drug prescription errors [1–3]. In a large pre- and
post-intervention study performed in two Dutch hospitals,
the percentage of prescriptions containing at least one
medication error was reduced from 55% to 17% after the
introduction of electronic prescribing with clinical decision
support (absolute reduction 40.3%) [1]. The reduction in
errors was primarily due to improved prescription legibility
and reduction in administrative errors. A reduction in
errors related to therapeutics (drug choice), however, was
not achieved [1]. In a similar pre- and post-intervention
study of electronic prescribing in community-based office
practices, Kaushal and colleagues found a nearly seven-
fold reduction in errors, primarily related to illegibility
errors or the inappropriate use of abbreviations, after the
introduction of electronic prescribing [2]. A study of nearly
4000 paediatric inpatient, discharge and outpatient pre-
scriptions before and nearly 5000 prescriptions after the
introduction of electronic prescribing showed a significant
reduction in drug dosing errors (55% relative reduction
in dosing error, 1% absolute reduction), with an abolition
of severe dose errors for outpatients and patients at
discharge [3].

Whether electronic prescribing can additionally facili-
tate the uptake of clinical pharmacologists’ suggestions
for optimizing drug therapy where drug-related problems
(DRPs) are found, however, is not known. We therefore set
out to study the impact of electronic prescribing on the
uptake of clinical pharmacologists’ suggestions in a hospi-
tal inpatient setting.

Methods

Electronic case records and prescription charts (electronic
or paper) of patients hospitalized on three medical wards
in a large Swiss teaching hospital between January 2009
and January 2010 were examined on a once weekly basis
for DRPs by four junior and four senior clinical pharmacolo-
gists. The patients were under the care of 10 different
medical clinics (angiology, endocrinology, gastroenterol-
ogy, haematology, internal medicine, immunology, infec-
tious diseases, cardiology, nephrology and respiratory
medicine). The study period represented the ‘roll-in’ phase
of electronic prescribing, which occurred in a staggered
ward-based fashion over a 9-month period from January
until October 2009. DRPs were recorded and suggestions
for improved drug prescribing or patient monitoring were
given to the treating physicians by telephone and by elec-
tronic entry in the case record (in both the medical and
nursing charts) on the same day. Comments were limited
to regularly administered medication only; drugs pre-
scribed on a ‘pro re nata’ basis (i.e. those not regularly
administered) were not assessed.

For the purposes of further analysis, ‘proposed inter-
ventions’ were defined as DRPs for which interventions
were proposed by the clinical pharmacologists.The imple-
mentation of these proposed interventions were com-
pared between patients for whom electronic prescription
charts were used and patients for whom paper handwrit-
ten prescription charts were used. The implementation
of proposed interventions was the primary outcome
measure. In order to investigate whether electronic pre-
scribing shortens the time between receiving the pro-
posed intervention and implementing it, the time between
the appearance of the proposed intervention as an elec-
tronic note in the patient’s case record and its implemen-
tation (if any) was additionally recorded.

The DRPs were classified according to the Pharmaceu-
tical Care Network Europe (PCNE) Classification for drug-
related problems version 6.2 (revised 14 January 2010),
which defines a DRP as ‘an event or circumstance involving
drug therapy that actually or potentially interferes with
desired health outcomes’ [4]. A previous version of the
PCNE classification system was evaluated as a tool in
another Swiss teaching hospital and found to be appli-
cable [5].

Proposed interventions could broadly be categorized
into either drug level interventions or patient or drug-
monitoring level interventions (e.g. ECG monitoring or
phenytoin measurement). The current PCNE classification
system records whether the proposed intervention was
approved or not approved by the prescriber, but does not
classify the proposed intervention itself. The outcome of a
proposed intervention which has been taken up by the
treating clinician can be categorized if the proposal was at
the drug level (I3).

The medical records (case histories, follow-up, labora-
tory results) and the process of requesting diagnostic tests
(e.g. blood tests and imaging) were electronic in all cases.
An additional feature of the electronic prescription chart
was the electronic drug interactions check programme
supplied by Pharmavista® [6]. This programme assessed
potential drug–drug interactions only when requested to
do so by the prescriber. It did not flag up potential prob-
lems automatically. It was not possible to determine
whether or how often the interactions programme was
used by the prescribing physicians. Other than the volun-
tary drug interactions check, no electronic clinical decision
support (e.g. regarding dosing) was embodied in the elec-
tronic prescription chart.

Frequency tables were used to display the different
types of DRP detected. Nominal variables were compared
between groups using chi-squared test and odds ratios
were computed to quantify the effect. DRPs were treated
as independent events because they involved individual
drugs, had individual underlying causes and generated
individual, specific proposed interventions. Display of the
classification of DRPs was therefore not adjusted. The
primary outcome measure was the implementation of
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clinical pharmacologists’ proposed interventions for
improving drug safety.To adjust for the dependency of the
outcome measure induced by multiple DRPs per patient,
ward and clinic, a generalized estimating equations (GEE)
model was computed where we included clinic and ward
as explanatory variables. Each patient within each clinic
and ward was treated as a separate cluster and we
included clinic and ward as explanatory variables. Clinics
with less than five identified DRPs were pooled in one
group. Robust standard errors from the GEE model were
then extracted to compute a confidence interval for the
resulting odds ratio of interest. Of note, standard errors
from a GEE are also valid if the underlying correlation struc-
ture is not correctly specified by our model assumptions.
All analyses were performed using R (R Development Core
Team, 2010) using the package ‘geepack’ [7].

Results

The number of hospital admissions screened for DRPs, the
number of DRPs and the number of interventions pro-
posed by clinical pharmacologists is shown in Figure 1. Of

the 502 hospital admissions assessed for the presence of
DRPs, 267 were managed with electronic prescription
charts and 235 with paper prescription charts. Due to
patient rehospitalizations, the number of admissions
exceeded the number of individual patients assessed
(Figure 1). The median age was 68.1 years (interquartile
range 58.7–76 years) and 68% were male. The total
number of DRPs identified was 158, representing 0.31
DRPs per admission. The maximum number of DRPs per
admission was 4 (n = 2 admissions). Significantly more
DRPs were identified among admissions for whom elec-
tronic prescription charts were employed (99 DRPs
detected in 267 admissions) than among those for whom
paper prescription charts were employed (59 DRPs
detected in 235 admissions) (37% vs. 25% respectively, P =
0.005). A total of 261 drug prescriptions involving 101 dif-
ferent medications were implicated in the DRPs. The 10
most frequently implicated drugs and their drug classes
are shown in Table 1.

The DRPs classified according to PCNE version 6.2 are
shown in Table 2.The commonest DRPs were 104 potential
and four actual toxic adverse reactions (P2.3). The distri-
bution of these potential and actual toxic adverse drug

502 medical admissions
January 2009 – January 2010

267 managed with ePrescrip, 235 managed
with paper prescription charts    

158 DRPs in 115 admissions
(96 patients)   

11 ADRs reported to authorities
2 no intervention proposed (11 

patients)  

145 interventions proposed in 102
admissions (85 patients)   

ePrescrip:
90 interventions 

proposed  
(61 admissions
 57 patients*)   

Paper:
 53 interventions 

proposed  
(39 admissions 
32 patients*)  

2 charts missing
at follow-up  

Rate and timing
of uptake of 

proposed 
interventions  

Rate and timing
of uptake of 

proposed 
interventions 

*3 patients appeared once in 
each group (readmissions)  

Figure 1
Study flowchart. ePrescrip, electronic prescription chart; DRP, drug-related problem; ADR, adverse drug reaction
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reactions was not significantly different between the
electronic and paper prescription groups (potential toxic
adverse drug events = 71 in the electronic group and 34 in
the paper group, chi-square P = 0.41).

The underlying causes of the DRPs were related to
inappropriate combinations of drugs (33%), dose selec-
tion (28%), contraindications (13%), adverse drug reac-
tions (11%), inappropriate timing of drug administration
(7%), the need for therapeutic drug monitoring (4%)
and other causes (4% – two cases each of inappropriate
duplication of therapeutic group or active ingredient,
synergistic/preventive drug required and not given and
inappropriate drug form). DRPs which in our opinion
can be classified as ‘prescribing errors’ are those which
the treating clinicians should have been able to
avoid on the basis of their knowledge of the patient
and the drug. Specialist pharmacological knowledge
(e.g. about drug–drug interactions or pharmacokinetics)
was not required to avoid such errors. In this study these
were where a contraindicated drug had been prescribed
(PCNE code C1.1) or where the licensed dose had been
exceeded (C3.2). In total 22 such prescribing errors
were detected, eight in the paper group and 14 in the
electronic group (15% and 15.5% respectively). No hand-
writing or transcription errors were detected in either
group.

The proposed interventions were: change of drug,
change of drug formulation or drug cessation (34%), dose
adjustment (32%), patient monitoring (17%), performance
of therapeutic drug monitoring (9%) or change of timing
of drug administration (8%). Overall, of the 145 proposed
interventions, 51% were carried out. In two cases (1%) the
outcome was unknown as the records were lost to follow-
up. Exact numbers are given in Table 2. Seventeen percent
of interventions proposed involved monitoring for drug
side effects. These interventions could not be categorized
by the current PCNE classification system.

The uptake of clinical pharmacologists’ recommenda-
tions differed significantly between patients for whom an
electronic prescription chart compared with a paper pre-
scription chart was employed (62% vs. 34% respectively,
Pearson’s chi-square P = 0.001, Table 2). There were no dif-
ferences between the two groups in terms of distribution
of the other PCNE classifications.

Table 3 shows the types of proposed intervention and
the number carried out by the treating physicians. The
adjusted odds ratio for implementation of the proposed
interventions in the electronic prescription compared with
the paper prescription group was 2.74 (95% confidence
interval 1.2, 6.3, P = 0.018, after adjustment for clustering by
patient, clinic and ward). This difference seen in the imple-
mentation of the proposed interventions between the
electronic and paper prescription groups was largely due
to reduced implementation of proposed interventions at
the drug-level and not at the patient or drug monitoring
level in the paper prescription group (Table 3). For pro-
posed interventions which were implemented, the median
time delay was 1 day for all groups (Table 3).

Discussion

The use of electronic prescribing was associated with an
increase in the implementation of clinical pharmacolo-
gists’ proposed interventions to improve drug safety
among medical inpatients.

Reasons why the use of paper prescription charts
might prevent the treating physicians from implementing
drug safety recommendations are the physical separation
of the patient notes where the recommendation is read
and the prescription chart itself (held in the nurses’ office
or on the drug trolley), the need for manually changing a
prescription or physicians being interrupted and forget-
ting the proposed intervention between receiving the

Table 1
Top 10 implicated drugs and their drug classes

Drug Class
Total
number

ePrescrip
chart

Paper
prescription
chart

Percentage (%) of
all implicated drugs

Esomeprazole Proton pump inhibitor 13 12 1 5
Amiodarone Class III antiarrhythmic 12 4 8 5

Clarithromycin Macrolide antiobiotic 11 4 7 4
Clopidogrel Antiplatelet agent 9 9 0 3

Ciprofloxacin Quinolone antibiotic 9 6 3 3
Atorvastatin Lipid-lowering agent 8 5 3 3

Sulphamethoxazole/trimethoprim Antibiotic 7 0 7 3
Metamizole Antipyretic/analgesic 6 6 0 2

Paracetamol Antipyretic/analgesic 6 6 0 2
Phenprocoumon Oral anticoagulant 6 1 5 2

Total % 32

ePrescrip, electronic prescription.
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information and finding the paper prescription chart. Our
observation that interventions which did not require alter-
ation of the paper prescription chart per se (such as patient
monitoring or therapeutic drug monitoring) were imple-
mented much more frequently than drug level interven-
tions in patients managed with paper prescription charts
supports these hypotheses. Once a decision was made to
implement a change, this was done at the same speed in

the two groups, implying a willingness to implement
changes, but perhaps insufficient attempts to find the
paper prescription chart being made.

The introduction of electronic prescribing during the
time period of this study is likely to have contributed to the
higher rate of DRPs identified in admissions managed with
the electronic prescription chart compared with admis-
sions managed with a paper prescription chart for a

Table 2
Classification of the drug-related problems according to PCNE V6.2. Two drug charts were missing at follow-up so were excluded from the ePrescrip and
Paper prescription groups

Characteristic
Entire
group ePrescrip

Paper
prescription

Comparison
test statistic P

Number of comments 158 98 58
The problem

P1: Treatment effectiveness: There is a (potential) problem with the (lack of) effect of the pharmacotherapy. 36 18 17 0.16
P2: Adverse reactions: Patient suffers, or will possibly suffer, from an adverse drug event.

P2.1 Non-allergic 11 6 5
P2.2 Allergic 1 0 1
P2.3 Toxic 110 74 35

The cause

C1: Drug selection

C1.1 Inappropriate drug (including contraindicated) 21 14 7 0.73

C1.3 Inappropriate combination of drugs 52 34 18

C1.4 Inappropriate duplication of therapeutic group or active ingredients 2 1 1

C1.8 Synergistic/preventive drug required and not given 2 2 0

C2: Drug form

C2.1 Inappropriate drug form 2 2 0 –

C3: Dose selection

C3.2 Drug dose too high 1 1 0 0.2

C3.5 No therapeutic drug monitoring 7 2 4

C3.6 Pharmacokinetic problem requiring dose adjustment 43 29 14

C5: Drug use process

C5.1 Inappropriate timing of administration and/or dosing intervals 11 5 5 0.8

C8: Other

C8.1 Other cause* 17 8 9
The intervention

I0.0: No intervention 2 2 0
I1: At prescriber level

I1.3 Intervention proposed, approved by prescriber 74 56 18 0.001
I1.4 Intervention proposed, not approved by prescriber 69 34 35 0.001
I1.5 Intervention proposed, outcome unknown 2 0 0 –

I3: At drug level
I3.1 Drug changed 5 4 1 0.32
I3.2 Dose changed 24 20 4
I3.4 Instructions for use changed 8 4 4
I3.5 Drug stopped 20 16 4
I3.6 New drug started 2 2 0

I4: Other intervention or activity
I4.2 Side effect reported to authorities 11 6 5 –

ePrescrip, electronic prescription. *Predictable adverse drug reactions were classified under this heading and formed this entire ‘other’ group.
There were no DRPs in the following categories: P3 Treatment costs: P3.1 Drug treatment more costly than necessary, P3.2 Unnecessary drug treatment; P4 Other problems: P4.1
Patient dissatisfied with therapy, P4.2 Unclear problem; C1 Drug selection: C1.2 No indication for drug, C1.5 Indication for drug treatment not noticed, C1.6 Too many drugs
prescribed for indication, C1.7 More cost-effective drug available, C1.9 New indication for drug treatment presented; C3: Dose selection: C3.1 Drug dose too low, C3.4 Dosage
regimen too frequent, C3.7 Deterioration/improvement of disease state requiring dose adjustment, C4: Treatment duration: C4.1 Duration of treatment too short, C4.2 Duration
of treatment too long; C5: Drug use process: C5.2 Drug underused/under-administered (deliberately), C5.3 Drug overused/over-administered (deliberately), C5.4 Drug not
taken/administered at all, C5.5 Wrong drug taken/administered, C5.6 Drug abused (unregulated overuse), C5.7 Patient unable to use drug/form as directed; C6. Logistics: C6.1
Prescribed drug not available, C6.2 Prescribing error (necessary information missing), C6.3 Dispensing error (wrong dose or drug dispensed); C7: The patient: C7.1 Patient forgets
to use/take drug, C7.2 Patient uses unnecessary drug, C7.3 Patient takes food that interacts, C7.4 Patient stored drug inappropriately; C8 Other: C8.2 No obvious cause; I1. At
prescriber level: I1.1 Prescriber informed only, I1.2 Prescriber asked for information; I2: At patient/carer level I2.1 Patient (medication) counselling, I2.2 Written information provided
only, I2.3 Patient referred to prescriber, I2.4 Spoken to family member/caregiver; I3: At drug level: I3.3 Formulation changed; I4: Other intervention or activity: I4.1 Other intervention.
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number of reasons. On the one hand clinicians may have
made more errors in prescribing due to being unfamiliar
with the new routine. However we did not detect a higher
rate of prescribing errors in the electronic compared with
the paper prescription chart groups, so this theory is not
supported. A more likely explanation for the increased rate
of DRPs in the electronic prescription chart group is an
increased rate of detection of DRPs by the clinical pharma-
cologists. It is likely that the clinical pharmacologists had
more time to study the electronic prescription charts com-
pared with the paper prescription charts and were thereby
able to identify more DRPs. The time allowed for a clinical
pharmacologist to examine an electronic prescription
chart is unrestricted, whereas the time available for study
of a paper prescription chart is clearly limited, particularly
when the prescription chart is urgently needed in active
patient care. A further advantage of electronic prescription
charts is that several users can examine the chart simulta-
neously at different workstations. An additional reason for
the higher DRP detection rate among patients cared for
with an electronic prescription chart may have been the
clinical pharmacologists’ use of the embedded drug inter-
actions checking software (Pharmavista). The data from
this study therefore suggest that electronic prescribing
facilitates both clinical pharmacologists’ detection of DRPs
and treating clinicians’ subsequent uptake of clinical phar-
macologists’ proposed interventions for improving drug
safety in hospitalized medical patients.

Studies have shown that up to 91% of computer gen-
erated messages are ignored by prescribing physicians [8,
9], implying a 9% implementation rate of suggested inter-
ventions. The overall implementation rate of 51% in the
study presented here (34% for the group of patients in
whom paper prescription charts were used) compares very
favourably with this, and supports the role of clinical phar-
macologists rather than interaction check programmes in
improving drug safety in the hospital setting. However
future improvements in computerized clinical decision

support may make such tools more widely acceptable and
applicable. The relative cost-effectiveness of ‘manual’ pre-
scription chart reviews such as those provided by a clinical
pharmacologist and electronic interaction checking or
decision support programmes is difficult to assess as cur-
rently the two processes provide a different ‘service’ to the
treating clinician. In future, clinical decision support pro-
grammes are likely to become more sophisticated and
user-friendly, at which point a prospective comparative
assessment of the cost-effectiveness of electronic and
manual prescription chart reviews would be valuable.

Limitations of the study
The study was carried out over 12 consecutive months and
a learning effect of the hospital doctors involved cannot be
excluded. However we do not think this played a signifi-
cant role as the junior physicians (who have the main pre-
scribing role) change positions at different times in 6
month cycles. This study was carried out using cases from
three (out of a total of nine) medical wards and so is not
representative of all the medical cases hospitalized at this
hospital during 2009. A further limitation is the lack of
randomization.

In conclusion, the use of electronic prescription charts
increased the implementation of clinical pharmacologists’
proposed interventions to improve drug safety among
hospitalized medical inpatients in this large, Swiss teach-
ing hospital.
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