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Abstract

Aim

To assess the impact of the implementation of a Computerized Physician Order Entry

(CPOE) associated with a pharmaceutical checking of medication orders on medication

errors in the 3 stages of drug management (i.e. prescription, dispensing and administration)

in an orthopaedic surgery unit.

Methods

A before-after observational study was conducted in the 66-bed orthopaedic surgery unit of

a teaching hospital (700 beds) in Paris France. Direct disguised observation was used to

detect errors in prescription, dispensing and administration of drugs, before and after the

introduction of computerized prescriptions. Compliance between dispensing and adminis-

tration on the one hand and the medical prescription on the other hand was studied. The fre-

quencies and types of errors in prescribing, dispensing and administration were

investigated.

Results

During the pre and post-CPOE period (two days for each period) 111 and 86 patients were

observed, respectively, with corresponding 1,593 and 1,388 prescribed drugs. The use of

electronic prescribing led to a significant 92% decrease in prescribing errors (479/1593 pre-

scribed drugs (30.1%) vs 33/1388 (2.4%), p < 0.0001) and to a 17.5% significant decrease

in administration errors (209/1222 opportunities (17.1%) vs 200/1413 (14.2%), p < 0.05). No
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significant difference was found in regards to dispensing errors (430/1219 opportunities

(35.3%) vs 449/1407 (31.9%), p = 0.07).

Conclusion

The use of CPOE and a pharmacist checking medication orders in an orthopaedic surgery

unit reduced the incidence of medication errors in the prescribing and administration stages.

The study results suggest that CPOE is a convenient system for improving the quality and

safety of drug management.

Introduction
In 1999, the Institute of Medicine estimated that 44,000 to 98,000 people die annually in United
States hospitals because of medical errors. Medication errors in hospitals are common, expen-
sive, sometimes harmful to the patient [1, 2] and are responsible for 7,000 deaths per year in
the United States.[3] According to a recent study, adverse drug events occurring in hospital
cost more than $ 3,000 on average and increase the length of stay by 3.1 days.[4]

Since the 1960s, medication errors have been the subject of many studies and the incidence
has differed greatly according to the methodology used and the country and healthcare system
under study. Moreover, the methods used to assess medication errors are heterogeneous thus
making comparison between studies hazardous.[5] Medication errors can occur in all stages of
the medication process, from prescribing to dispensing and administration of drugs.[6]

Medical prescriptions can lead to medication errors due to the following factors: insufficient
knowledge of drugs and their use in the context of a patient's condition, non-compliance with
good practices, nomenclature factors (ambiguous prescription, incorrect drug name, dosage
form, or abbreviation).[7]

Several risk factors associated with administration errors have been reported. For instance,
Westbrook et al. showed that nurses’ interruptions increase the risk of administration error
including the risk of serious error.[8] The risk of administration error also appears to be higher
for drugs administered intravenously.[9, 10]

Among the various tools which have been proposed for reducing the number of medication
errors, the use of a Computerized Physician Order Entry (CPOE) system is recommended by
several European and American institutions.[11, 12] CPOE software allows physicians to enter
medical orders by computer. CPOE systems often include functionalities such as drug dosage
support, alerts about harmful interactions and clinical decision support, which may further
reduce errors. CPOE mainly reduces errors associated with hand-written prescriptions by
reducing the number of illegible orders, incomplete orders or incorrect dosages.[13–16] A sys-
tematic review [17] indicates that 23 of the 25 selected studies reported a 13–99% decrease in
the relative risk of medication errors after the implementation of CPOE, while one study found
no change [18] and one study resulted in a significant increase in the relative risk of medication
errors.[19] Other studies have reported the introduction of new errors or an increase in mortal-
ity related to implementation.[20, 21] Interestingly, Bates et al showed that the reduction of
medication errors induced by a basic CPOE system is further enhanced after the implementa-
tion of additionnal decision support features [22]. In the end, Radley et al [23] advocate that
the global positive impact of CPOE should be more widespread in hospitals.

Studies investigating the impact of the use of CPOE on medication errors occurring at the
different stages of medication delivery, i.e., prescription, dispensing and administration, are
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fewer. Bates et al. showed a significant decrease in the frequency of non-intercepted serious
medication errors at the stages of dispensing and administration after the implementation of
CPOE.[24] However, the distribution of the types of errors occurring at each of these two
stages was not reported, impairing a clear understanding of the mechanism by which CPOE
reduces the proportion of medication errors.

The impact of the use of CPOE in an orthopaedic surgery unit has not been previously eval-
uated. Nevertheless medication errors are common in an orthopaedic surgery ward.[25] In this
study, the authors stated that surgeons are unfamiliar with chronic treatment. In our study, we
propose to observe the impact of the implementation of CPOE on prescribing, dispensing and
administration of drugs in an orthopaedic surgery unit.

Methods

Study design
A before and after observational study was designed to observe the impact of the implementa-
tion of a CPOE system on prescription, dispensing and administration of drugs.

Setting
The study was conducted in the 66-bed orthopaedic surgery ward of a 700-bed teaching hospi-
tal in Paris, France. The department was divided into 3 wards and the average length of stay
was 6.4 days (2012). The medication process was the following: first, the order was made by
physicians (using handwritten orders before software implementation and CPOE thereafter);
second, according to these orders, the nursing staff dispensed drugs for each patient on trolleys
devoted to medicine dispensation: each trolley contains 12 individual pill dispensers, one for
each patient who is identified by name and room number. Each pill dispenser is planned for a
24-hour period, and is accordingly composed of three inner compartments corresponding to
the three drug rounds (i.e. 8am, 12am, and 6pm). Medications were dispensed in the pill dis-
pensers from a stock available in the satellite ward pharmacy (except pharmaceutical controlled
drugs, such as antibiotics or expensive drugs requiring the validation by a pharmacist before
dispensing). Finally, the nursing staff administered the drugs during their drug rounds.

Prior to CPOE implementation, all units used paper medication charts for physicians’ hand-
written orders. These charts were then used by nurses to dispense drugs in the pill dispensers
and as medication administration charts, thus no retranscription was required. Administration
(drug name, dose, time at administration, nurse’s signature) was directly recorded on medica-
tion administration charts, in an allocated space on the order sheets. After implementation of
the CPOE, the system included an electronic medication administration record. The order was
available for nurses on a laptop computer attached to the medicine dispensing trolley. The
administration was electronically recorded (drug name, dose, time at administration, nurse’s
electronic signature) by the nurse after administration to the patient.

After implementation of the CPOE system, all orders were routinely checked by a pharma-
cist (it was not the case prior to CPOE implementation). Medications placed into the pill dis-
penser were not checked by the pharmacist before or after CPOE.

Prescriptions were handwritten until May 14th 2013 (implementation of the CPOE system).
The study was based on a “before-after” design (pre- and post- implementation study observa-
tion periods). In order to estimate the appropriate duration of data collection (period dura-
tions), we conducted a pilot study which determined that a two-day observation period was
likely to result in 1000 drug prescriptions. This number of prescriptions was judged sufficient
for detecting common medication errors. Therefore the study pre-implementation observation
period took place during two 24-hour periods (Jan 15–16th 2013 and Feb 28th-Mar 1st 2013) as
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well as the study post-implementation observation period (Jun 17–18th 2013 and Jul 3–4th

2013).
The observer team was composed of six pharmacists (two senior, two residents, and two stu-

dents) who had been previously trained in data collection. They observed dispensing and
administration processes and performed this task blind to the contents of the corresponding
prescriptions.

Six nurses simultaneously administrated drugs within the 3 wards (2 nurses per ward). Each
observer was assigned to a nurse and shadowing was done simultaneously in all wards. Every
day, the pharmacists observed the nurses during the three medication rounds (i.e. 8 am, 12 am,
6 pm) and collected data on the dispensing and administration of all medications delivered to
patients, while, at the end of the day, corresponding initial prescription charts were collected.
Whenever a pharmacist was aware of a potential serious error at the dispensing or administra-
tion phase, he(she) intervened to prevent it but such an event was nevertheless registered as an
error. In addition, nurses were asked if any medication had been administered since the previ-
ous medication round, and if any drug present in the prescription chart had not been adminis-
tered and the reason why.

CPOE system
FromMay 14th 2013, commercial software was used throughout the orthopaedic surgery unit.
Physicians and residents were required to enter their own orders in the system in the post-
CPOE period. In this system, the prescription is entered through a drug selection menu. Dos-
age, route of administration and frequency are mandatory for prescription validation, and the
system displays alert messages if any of these fields are not specified. Free-text fields are avail-
able for extra information. The software also includes alerts for drug-allergy checking, thera-
peutic duplications, dose-range and age-based checking, and drug-drug interactions. None of
the alerts prevents the prescriber from continuing with the order. The prescriber may also use
predefined protocols such as analgesic care or prophylactic antibiotic treatment sets.

Participants
All physicians and nurses present in the department during the observation periods were
included in the study.

Variables
Prescription stage. To assess the impact of the CPOE implementation on prescriptions,

we first studied the procedural compliance with the medication order (procedural errors). A
medication order was considered non-compliant whenever patient identification was incom-
plete (name, gender and date of birth), prescriber identification was incomplete (name or sig-
nature), or whenever the date of the prescription was missing. We then focused on errors
having potential impact on patients (prescribing errors): unclear prescription (i.e. illegible,
ambiguous or use of abbreviations), no dosage or an incorrect dosage (that does not exist or
cannot be easily obtained from the current forms commercially available), lack of administra-
tion route stated (if the drug was available for several routes), duplicated therapy. The impact
of CPOE on prescribing was analyzed by comparing the proportion of errors (number of
errors/number of drugs prescribed) before and after the implementation.

Dispensing and administration stage. Errors in these two stages were defined as dispens-
ing or administration not compliant with the prescription. We focused on the following errors:
incorrect dose, incorrect time, wrong patient, drug omission or unordered drug. An incorrect
time was defined as the dispensing or administration of a drug with a delay exceeding 1 hour
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before or after the time scheduled on the prescription. Drug omission was defined as the
absence of dispensing or administration of a drug without justification by the nurse. Finally, a
drug was considered as unordered if it was dispensed or administered but not prescribed by the
doctor.

To assess the impact of CPOE on drug dispensing and administration, we only compared
the drugs that were correctly prescribed pre-CPOE and post-CPOE (i.e. clear prescription with
route of administration and dosage). Dispensing and administration from incorrect prescrip-
tions were not included in the analysis as it was not possible to determine if dispensing and
administration were in accordance with the prescription.

The error rate was calculated using the Total Opportunities for Errors (TOE), which is the
sum of all doses ordered plus all unordered doses.[26] The drug dispensing error rate and the
drug administration error rate were then calculated as the number of dispensing and adminis-
trations with one or more errors, respectively, divided by the corresponding TOE and multi-
plied by 100.

Data sources
During the study, the following patient characteristics were collected from patient files: age,
gender, date of hospitalization, cause of hospitalization and type of hospitalization (scheduled
or unscheduled). During the observation of drug dispensing from the medicine dispensing trol-
leys, the following data were collected: drug name, dosage, dosage form, quantity and time
scheduled for administration. During drug administration, the following data were collected:
drug name, dosage, quantity, route of administration and time. If a drug administered was not
already dispensed in the patient pill dispenser, the observer stated the cause of non-dispensing
(extemporaneous preparation, opioids, dispensing omission etc.). After the three drug rounds,
the following data were collected from prescription charts: patient identification (age, gender,
date of birth), prescriber’s identification (name and signature), prescription date, drug name,
dosage, route of administration, dosage form, frequency of administration and condition of
administration (prn drugs). All data collected at the dispensing and administration stages were
compared to the prescription, which was the reference in our study. These data were collected
on an observation form by a single observer. The form was tested during the pilot study.

This study is a clinical audit conducted as part of an evaluation of professional practices (i.e.
prescribing, dispensing and administration of drugs in our orthopaedic surgery unit). This
type of evaluation implied the observation of these three stages of the medication process. All
data were collected anonymously, no approval of an ethics committee was therefore necessary,
and no written consent or permission to use the data was submitted to the patients. The hospi-
tal granted permission for this study to be performed. The data collection was declared to the
National Commission of Information Technology and Liberties.

Bias
In order to lower bias, a disguised direct observation was used for the detection of errors in the
dispensing and the administration of drugs as described earlier.[27] Disguised direct observa-
tion means that pharmacists observed nurses who performed the dispensing and administra-
tion of drugs. These nurses were not aware of the aim of the study. Additionally, nurses and
physicians were unaware of the day of the survey. Finally, the observers were blind to the con-
tents of the prescription.
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Quantitative variables and statistical methods
Qualitative variables were reported using frequencies (percentages) and comparisons on such
variables were made with the chi-square test or the Fisher's exact test. Quantitative variables
were reported as median [interquartile range, IQR] and comparisons on such variables were
made with the non-parametric Mann-Whitney test. All reported tests were two-tailed, and
P� 0.05 was predetermined to represent statistical significance. All statistical analyses were
carried out with GraphPad Prism version 5 (GraphPad Software, Inc., La Jola, CA, USA).

Results

Patients and Staff
In the pre-CPOE period, 111 patients were included in the study, with 1,593 corresponding
prescribed medications in 306 medication orders (one medication order corresponding to one
round). The median age was 64 years [48; 81]. The population comprised 54.0% women and
hospitalizations were scheduled for 45.9% of patients. The median length of stay between the
beginning of the hospitalization and the day of the survey was 5 days [2; 12] and the median
number of drugs prescribed per patient was 8 drugs [6; 11]. The staff involved in the pre-CPOE
period included the daily presence of 4 physicians, 6 residents, and 12 to 14 nurses.

In the post-CPOE period, 86 patients were included in the study with 1,388 corresponding
prescribed medications in 258 medication orders. The median age was 61 years [44; 83]. The
population comprised 55.8% women and hospitalizations were scheduled for 36.0% of patients,
the median length of stay between the beginning of the hospitalization and the day of the sur-
vey was 4 days [1; 11] and the median number of drugs prescribed per patient was 9 drugs [6;
13]. The staff involved in the post-CPOE period included the daily presence of 4 physicians, 6
residents, and 12 to 13 nurses. No significant difference was found in patient characteristics
between the pre-CPOE period and the post-CPOE period (Table 1). There was no missing data
for any participant.

Prescription stage
Procedural errors. In the pre-CPOE period, procedural errors were observed in 35.6% of

prescriptions. There were 64 prescriptions out of 306 (20.9%) in which prescriber identification
was incomplete, 40 (13.1%) in which patient identification was incomplete, and 5 (1.6%) in
which the date was missing. After CPOE implementation, no procedural errors were detected.

Prescribing errors. The CPOE implementation resulted in a 92% decrease in prescribing
errors (Table 2): there were 479 medications with a prescribing error out of 1593 (30.1%) in the
pre-CPOE period while there were 33 medications with a prescribing error out of 1388 (2.4%)
in the post-CPOE period (p<0.0001). The most common errors observed during the pre-
CPOE period (unclear prescription, route omission, dosage omission) were totally eliminated

Table 1. Patients’ characteristics before-after CPOE implementation.

Variable Pre-CPOE (N = 111) Post-CPOE (N = 86) p Value

Age (years) 64 [48; 81] 61 [44; 83] 0.340

Women (%) 54.0 55.8 0.885

Scheduled hospitalization / Unscheduled hospitalization (%) 45.9/53.1 36.0/64.0 0.190

Length of stay (days) 5 [2; 12] 4 [1; 11] 0.212

Number of drugs/patient 8 [6; 11] 9 [6; 13] 0.078

doi:10.1371/journal.pone.0134101.t001
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during the CPOE period. The rate of duplicated therapy observed during the pre-CPOE period
(0.4%) substantially increased (1.8%) during the post-CPOE period.

Dispensing stage
The TOE was 1,219 medications (1,161 correctly prescribed + 58 unordered drugs) in the pre-
CPOE period and 1,407 medications (1,388 + 19) after the introduction of computerized pre-
scribing (Table 3). The error rate at the stage of drug dispensing observed in the pre- and post-
CPOE period was not significantly different, 35.3% (n = 430) and 31.9% (n = 449), respectively
(p = 0.07). The most frequent error was the omission of dispensing, followed by the dispensing
of a wrong dosage, the dispensing of unordered drugs, and then the dispensing at the incorrect
time. Analgesics and laxatives accounted for 50% of drug dose omissions both before and after
CPOE implementation. Finally, the CPOE implementation resulted in a 70% decrease in the
dispensing rate of unordered drugs (4.8% pre-CPOE versus 1.3% post-CPOE).

Administration stage
The TOE amounted to 1,222 medications (1,161 correctly prescribed + 61 unordered drugs) in
pre-CPOE period and 1,407 (1,388 + 19) in the post-CPOE period (Table 4). The implementa-
tion of CPOE was associated with a significant 17.5% reduction in the administration error
rate (17.1% pre-CPOE versus 14.1% post-CPOE (p< 0.05)). Before and after CPOE imple-
mentation, more than half of the administration errors were administration omissions and
CPOE had no impact on omissions. Interestingly, the administration of unordered drugs or of
incorrect dosages showed a 2.5-fold decrease after the introduction of electronic prescribing
(respectively 5.0% pre-CPOE versus 1.8% post-CPOE and 1.3% pre-CPOE versus 0.5% post-
CPOE). However, we found a 65% increase in drugs administered at the incorrect time (0.7%
pre-CPOE versus 2.0% post-CPOE, and these were mainly antithrombotic drugs (i.e.

Table 2. Prescribing errors before and after CPOE implementation.

Type of error Pre-CPOE (N = 1593)* Post-CPOE (N = 1388)* p Value

Total (n, %) 479 (30.1) 33 (2.4) < 0.0001

Unclear (n, %) 250 (15.7) 0 (0)

Omission of route (n, %) 135 (8.5) 0 (0)

Omission of dosage (n, %) 48 (3.0) 0 (0)

Incorrect dosage (n, %) 39 (2.4) 8 (0.6)

Duplicated therapy (n, %) 7 (0.4) 25 (1.8)

* Total number of drugs prescribed

doi:10.1371/journal.pone.0134101.t002

Table 3. Dispensing errors before and after CPOE implementation.

Type of error Pre-CPOE (N = 1219)* Post-CPOE (N = 1407)* p Value

Total (n, %) 430 (35.3) 449 (31.9) 0.07

Omission (n, %) 288 (23.6) 356 (25.3)

Incorrect dosage (n, %) 58 (4.8) 53 (3.8)

Wrong time (n, %) 26 (2.1) 21 (1.5)

Unordered drug (n, %) 28 (4.8) 19 (1.3)

*Number of total opportunities for error

doi:10.1371/journal.pone.0134101.t003
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enoxaparin)). In the pre-CPOE period, we observed four administrations to the wrong patient,
these errors were intercepted by the observer before reaching the patient (the nurse took the
wrong patient pill dispenser). Administration to the wrong patient was not observed after the
implementation of CPOE.

Discussion
CPOE implementation significantly decreased prescribing errors and administration errors
and had no significant impact on errors at the dispensing stage.

Our study has several limitations. First, this single-center observational study with a before
and after design has inherent associated drawbacks (e.g. limited external validity because of the
single-center design, no randomization and no control group because of our observational
non-controlled before-after design). In particular, such studies have a potential imbalance of
unmeasured factors that might affect the differences in the two periods compared. In addition,
the relatively short time-frames considered favor the risk of such an imbalance. Nevertheless,
the study objective was not to demonstrate that CPOE results in a decrease in medication
errors, taking into account any confounding factor. The objective of the study was to report a
straightforward experience of the changes observed in medication errors, in a single depart-
ment of orthopaedics switching from written orders to a computerized ordering system. In that
regard, studying nearly 3000 medications prescribed to about 200 patients is amply sufficient
for providing a reasonable global picture of the changes, a kind of snapshot. Another limitation
of the study concerns the method of observation that may have changed the attitude of nurses
in the dispensing and administration of drugs. However, Allan and Barker showed that the dis-
guised observation decreases the Hawthorne effect on people observed.[28] In our study, the
timing for evaluating the impact of electronic prescribing was 4 and 6 weeks after CPOE
implementation, and the type and proportion of errors may evolve over time: in a recent study
by Shulman et al [29], the error rate was monitored 2, 10, 25 and 37 weeks after CPOE imple-
mentation. Apart from an isolated increase at 10 weeks, the rate decreased over time. In our
study, the impact of CPOE in time spent for prescribing, dispensing and administering drugs
was not investigated. However, in a recent study, CPOE implementation was not associated
with an increase in the time spent by doctors and nurses on direct patient care or medication-
related tasks.[30] It is important to note that prescriptions were routinely checked by a phar-
macist after CPOE implementation which might have influenced the results of our observation.
In this complex intervention, our design did not allow us to distinguish the impact of CPOE
versus the impact of a pharmacist. We were not able to calculate interobserver reliability as
there was no cross observation. Finally, the impact of CPOE implementation on clinical out-
comes was not explored in this study and only some types of errors were investigated (e.g.

Table 4. Administration errors before and after CPOE implementation.

Type of error Pre-CPOE (N = 1222)* Post-CPOE (N = 1413)* p Value

Total (n, %) 209 (17.1) 200 (14.1) < 0.05

Omission (n, %) 120 (9.8) 140 (9.9)

Unordered drug (n, %) 61 (5.0) 25 (1.8)

Incorrect dosage (n, %) 16 (1.3) 7 (0.5)

Incorrect time (n, %) 8 (0.7) 28 (2.0)

Wrong patient (n, %) 4 (0.3) 0 (0)

*Number of total opportunities for errors

doi:10.1371/journal.pone.0134101.t004
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contraindication, drug-drug interactions, prescription of drugs despite an allergy were not
studied). These issues should deserve future investigations.

Inherent to the computer system, the total eradication of procedural events with the CPOE
is obvious and does not deserve further comments. The implementation of CPOE induced a
dramatic 92% decrease in prescribing errors, close to that described by Reckmann et al. in a
recent review.[31] The criteria chosen to evaluate the impact of CPOE on the prescription
(clear prescription, route of administration, dosage and duplicated therapy) are simple criteria
that determine, to a large extent, the quality of a medical prescription. For instance, illegibility
or abbreviations are important issues as poor hand writing can induce harm to patients.[32,
33] Similar to our study, Westbrook et al showed that CPOE was efficient in decreasing admin-
istration route errors or dosage errors and Evans et al. showed elimination of prescriptions in
which the route of administration or dosage were missing.[13, 15] These types of errors do not
seem to be related to substantial negative outcomes for patients, however, they are time-con-
suming for nurses and their correction by CPOE is therefore relevant.[34] When a physician
prescribes a medication with CPOE, some items must indeed be specified so that the doctor
can validate prescription. This explains why the use of CPOE provides 100% of prescriptions
with a dosage and the administration route.

Furthermore, CPOE allows for the creation of protocols including multiple drugs. These
protocols do indeed enable faster and more comprehensive prescribing, but there are draw-
backs related to the input of duplicated therapies. In our study, CPOE resulted in prescriptions
of duplicated therapies, mainly related to drug orders overlapping in time. After surgery, anes-
thetists prescribe an analgesic protocol intravenously for the first 24 hours and an analgesic
oral protocol for the following days. However, doctors may sometimes omit the important
24-hour time lag before the onset of the oral protocol thus starting their prescription at the
same time as the intravenous protocol. Fortunately, these duplicated prescriptions did not lead
to duplicated administration, as they were corrected by the nurse. Such errors of duplicated
therapy orders were described in other studies on the impact of CPOE.[13, 14] In our study,
the use of a CPOE system was associated with an increase in duplicated therapy (7/1593 (0.4%)
vs 25/1388 (1.8%)). Physicians should however be aware of duplicated therapies as our CPOE
system alerts them about these duplicated orders. However, the large number of alert messages
sent by CPOE systems may overburden the attention of physicians.[35]

CPOE implementation had no significant impact on drug dispensing errors in our study. In
our literature review, we found no studies evaluating the impact of CPOE on the dispensing of
drugs by nurses from medicine trolleys. This might be due to the fact that in most American
and British hospitals, drugs are dispensed on a daily basis to named patients and dispensing is
carried out by the hospital pharmacy. In our study, the rate of dispensing errors was more than
30%, higher than that reported in other studies.[36, 37] Omission was the most frequent type
of dispensing error. However and importantly, corresponding drugs were mainly analgesics
and laxatives which were prescribed but administered only on patient demand. Therefore,
nurses might not dispense drugs that they were not obliged to administer and would go to the
satellite ward pharmacy to pick up the medication if needed.

In our study, CPOE implementation was associated with a 17.5% (17.1% vs 14.1%) decrease
in medication administration errors. These results are in the range of administration error
rates reported in a recent systematic review which was 10.5% [IQR: 7.3%-21.7%].[38] Studies
assessing the rate of administration errors are numerous, but few assessed the impact of elec-
tronic prescribing on such errors. In a study by Bates et al,[24] the introduction of computer-
ized prescribing resulted in a 59% reduction in administration errors, a rate much greater than
that of our study. However, this may be explained by the fact that only correctly prescribed
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drugs were included in the evaluation of administration errors. We indeed stated that the qual-
ity of administration of a drug can not be assessed if it is not correctly prescribed.

Omission was the most common type of administration error observed. In about two-thirds
of the cases (67.5%) the drugs involved in these omissions were analgesics that can be pre-
scribed on a pro re nata basis. As nurses may adapt administration to patients’ pain, regardless
of the prescription (on-demand or not), it seems difficult to assert that these omissions are
potentially harmful errors for the patient or if they prevent drug overuse.

The administration of unordered drugs and incorrect dosages are the second most frequent
errors after omissions. They have already been reported in the literature.[39, 40] In our study,
implementation of CPOE resulted in a 3-fold decrease in these errors. CPOE provides a clear
and precise prescription for nurses which may explain the decrease in the administration of
incorrect dosage.

Before implementation of CPOE, incorrect administration time errors accounted for 3.8%
(8/209) of administration errors whereas, in the literature this point is often the main cause of
administration error.[9, 10] In our study, administration time in hand-written prescriptions
was documented less than in computerized prescriptions (i.e. drugs were prescribed on a qd,
bid or tid basis rather than with a precise schedule). As a result, only a limited number of incor-
rect administrations time could be detected in the pre-CPOE period. The fact that CPOE
enables prescribers to label medication with a specific schedule may explain why the number of
administrations at the incorrect time increased in the post-CPOE period (14% of administra-
tion errors). Therefore, since the procedures for documenting time of administration in hand-
written and computerized orders are different, the differences in the observed rates of errors in
time administration before and after CPOE implementation are hardly interpretable and
should be considered with caution.

Conclusion
The implementation of a CPOE in an orthopaedic surgery unit was associated with a dramatic
global decrease in medication errors. Interestingly, CPOE was also associated with a minor
number of errors related to surgery-specific patterns of prescription (i.e. duplicated orders and
scheduled prescriptions not adapted to the nurse’s drug round after the 24-hour period follow-
ing surgery), indicating that particular attention should be paid to the potential different pre-
scriptions in the initial post-theater period.

Supporting Information
S1 Dataset. Individual data about patients’ characteristics and prescriptions used in the
study.
(XLS)

S1 Table. Coding table for dataset.
(DOC)

Acknowledgments
The authors would like to thank Mrs Stella Ghouti-Baxter for careful proofreading of the
manuscript.

Impact of CPOE in an Orthopaedic Surgery Unit

PLOS ONE | DOI:10.1371/journal.pone.0134101 July 24, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0134101.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0134101.s002


Author Contributions
Conceived and designed the experiments: FH GH CF PH. Performed the experiments: FH EM
CMPMA PH. Analyzed the data: FH MA GH CF PH. Contributed reagents/materials/analysis
tools: BC LD JMF CR. Wrote the paper: FH MA GH CF PH.

References
1. Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA, et al. The costs of adverse drug events

in hospitalized patients. Adverse Drug Events Prevention Study Group. Jama. 1997 Jan 22–29; 277
(4):307–11. PMID: 9002493

2. Lesar TS, Lomaestro BM, Pohl H. Medication-prescribing errors in a teaching hospital. A 9-year experi-
ence. Arch Intern Med. 1997 Jul 28; 157(14):1569–76. PMID: 9236558

3. Kohn L CJ, Donaldson M. To Err is Human: Building a Safer Health System. Washington: National
Academy Press. 2000.

4. Hug BL, Keohane C, Seger DL, Yoon C, Bates DW. The costs of adverse drug events in community
hospitals. Jt Comm J Qual Patient Saf. 2012 Mar; 38(3):120–6. PMID: 22435229

5. Ferner RE. The epidemiology of medication errors: the methodological difficulties. Br J Clin Pharmacol.
2009 Jun; 67(6):614–20. doi: 10.1111/j.1365-2125.2009.03417.x PMID: 19594528

6. McDowell SE, Ferner HS, Ferner RE. The pathophysiology of medication errors: how and where they
arise. Br J Clin Pharmacol. 2009 Jun; 67(6):605–13. doi: 10.1111/j.1365-2125.2009.03416.x PMID:
19594527

7. Lesar TS, Briceland L, Stein DS. Factors related to errors in medication prescribing. Jama. 1997 Jan
22–29; 277(4):312–7. PMID: 9002494

8. Westbrook JI, Woods A, Rob MI, Dunsmuir WT, Day RO. Association of interruptions with an increased
risk and severity of medication administration errors. Arch Intern Med. 2010 Apr 26; 170(8):683–90. doi:
10.1001/archinternmed.2010.65 PMID: 20421552

9. Berdot S, Sabatier B, Gillaizeau F, Caruba T, Prognon P, Durieux P. Evaluation of drug administration
errors in a teaching hospital. BMC Health Serv Res. 2012; 12:60. doi: 10.1186/1472-6963-12-60 PMID:
22409837

10. Chua SS, Tea MH, Rahman MH. An observational study of drug administration errors in a Malaysian
hospital (study of drug administration errors). J Clin Pharm Ther. 2009 Apr; 34(2):215–23. doi: 10.1111/
j.1365-2710.2008.00997.x PMID: 19250142

11. The Leapfrog Safety Practices [Internet]. http://www.leapfroggroup.org/56440.2004 [cited Jun 20,
2013].

12. Smith J. Building a Safer National Health System for Patients: Improving Medication Safety. Depart-
ment of Health (UK). 2004.

13. Evans KD, Benham SW, Garrard CS. A comparison of handwritten and computer-assisted prescrip-
tions in an intensive care unit. Crit Care. 1998; 2(2):73–8. PMID: 11056713

14. Colpaert K, Claus B, Somers A, Vandewoude K, Robays H, Decruyenaere J. Impact of computerized
physician order entry on medication prescription errors in the intensive care unit: a controlled cross-sec-
tional trial. Crit Care. 2006 Feb; 10(1):R21. PMID: 16469126

15. Westbrook JI, Reckmann M, Li L, RuncimanWB, Burke R, Lo C, et al. Effects of two commercial elec-
tronic prescribing systems on prescribing error rates in hospital in-patients: a before and after study.
PLoS Med. 2012 Jan; 9(1):e1001164. doi: 10.1371/journal.pmed.1001164 PMID: 22303286

16. Kaushal R, Bates DW. Information technology and medication safety: what is the benefit? Qual Saf
Health Care. 2002 Sep; 11(3):261–5. PMID: 12486992

17. Ammenwerth E, Schnell-Inderst P, Machan C, Siebert U. The effect of electronic prescribing on medi-
cation errors and adverse drug events: a systematic review. J AmMed Inform Assoc. 2008 Sep-Oct; 15
(5):585–600. doi: 10.1197/jamia.M2667 PMID: 18579832

18. Mitchell D UJ, Gray S, et al. Evaluation and audit of a pilot of electronic prescribing and drug administra-
tion. J Inform Tech Healthcare. 2004; 2(1):19–29.

19. Spencer DC, Leininger A, Daniels R, Granko RP, Coeytaux RR. Effect of a computerized prescriber-
order-entry system on reported medication errors. Am J Health Syst Pharm. 2005 Feb 15; 62(4):416–9.
PMID: 15745896

20. Koppel R, Metlay JP, Cohen A, Abaluck B, Localio AR, Kimmel SE, et al. Role of computerized physi-
cian order entry systems in facilitating medication errors. Jama. 2005 Mar 9; 293(10):1197–203. PMID:
15755942

Impact of CPOE in an Orthopaedic Surgery Unit

PLOS ONE | DOI:10.1371/journal.pone.0134101 July 24, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/9002493
http://www.ncbi.nlm.nih.gov/pubmed/9236558
http://www.ncbi.nlm.nih.gov/pubmed/22435229
http://dx.doi.org/10.1111/j.1365-2125.2009.03417.x
http://www.ncbi.nlm.nih.gov/pubmed/19594528
http://dx.doi.org/10.1111/j.1365-2125.2009.03416.x
http://www.ncbi.nlm.nih.gov/pubmed/19594527
http://www.ncbi.nlm.nih.gov/pubmed/9002494
http://dx.doi.org/10.1001/archinternmed.2010.65
http://www.ncbi.nlm.nih.gov/pubmed/20421552
http://dx.doi.org/10.1186/1472-6963-12-60
http://www.ncbi.nlm.nih.gov/pubmed/22409837
http://dx.doi.org/10.1111/j.1365-2710.2008.00997.x
http://dx.doi.org/10.1111/j.1365-2710.2008.00997.x
http://www.ncbi.nlm.nih.gov/pubmed/19250142
http://www.leapfroggroup.org/56440.2004
http://www.ncbi.nlm.nih.gov/pubmed/11056713
http://www.ncbi.nlm.nih.gov/pubmed/16469126
http://dx.doi.org/10.1371/journal.pmed.1001164
http://www.ncbi.nlm.nih.gov/pubmed/22303286
http://www.ncbi.nlm.nih.gov/pubmed/12486992
http://dx.doi.org/10.1197/jamia.M2667
http://www.ncbi.nlm.nih.gov/pubmed/18579832
http://www.ncbi.nlm.nih.gov/pubmed/15745896
http://www.ncbi.nlm.nih.gov/pubmed/15755942


21. Han YY, Carcillo JA, Venkataraman ST, Clark RS, Watson RS, Nguyen TC, et al. Unexpected
increased mortality after implementation of a commercially sold computerized physician order entry
system. Pediatrics. 2005 Dec; 116(6):1506–12. PMID: 16322178

22. Bates DW, Teich JM, Lee J, Seger D, Kuperman GJ, Ma'Luf N, et al. The impact of computerized physi-
cian order entry on medication error prevention. J AmMed Inform Assoc. 1999 Jul-Aug; 6(4):313–21.
PMID: 10428004

23. Radley DC, Wasserman MR, Olsho LE, Shoemaker SJ, Spranca MD, Bradshaw B. Reduction in medi-
cation errors in hospitals due to adoption of computerized provider order entry systems. J AmMed
Inform Assoc. 2013 May 1; 20(3):470–6. doi: 10.1136/amiajnl-2012-001241 PMID: 23425440

24. Bates DW, Leape LL, Cullen DJ, Laird N, Petersen LA, Teich JM, et al. Effect of computerized physician
order entry and a team intervention on prevention of serious medication errors. Jama. 1998 Oct 21; 280
(15):1311–6. PMID: 9794308

25. Fijn R, Van den Bemt PM, ChowM, De Blaey CJ, De Jong-Van den Berg LT, Brouwers JR. Hospital
prescribing errors: epidemiological assessment of predictors. Br J Clin Pharmacol. 2002 Mar; 53
(3):326–31. PMID: 11874397

26. Allan BL. Calculating medication error rates. Am J Hosp Pharm. 1987 May; 44(5):1044, 6. PMID:
3605113

27. Barker KN, Mc CW. How to detect medication errors. Mod Hosp. 1962 Jul; 99:95–106.

28. Allan EL, Barker KN. Fundamentals of medication error research. Am J Hosp Pharm. 1990 Mar; 47
(3):555–71. PMID: 2180287

29. Shulman R, Singer M, Goldstone J, Bellingan G. Medication errors: a prospective cohort study of hand-
written and computerised physician order entry in the intensive care unit. Crit Care. 2005 Oct 5; 9(5):
R516–21. PMID: 16277713

30. Westbrook JI, Li L, Georgiou A, Paoloni R, Cullen J. Impact of an electronic medication management
system on hospital doctors' and nurses' work: a controlled pre-post, time and motion study. J AmMed
Inform Assoc. 2013 Nov-Dec; 20(6):1150–8 doi: 10.1136/amiajnl-2012-001414 PMID: 23715803

31. ReckmannMH, Westbrook JI, Koh Y, Lo C, Day RO. Does computerized provider order entry reduce
prescribing errors for hospital inpatients? A systematic review. J AmMed Inform Assoc. 2009 Sep-Oct;
16(5):613–23. doi: 10.1197/jamia.M3050 PMID: 19567798

32. Hoffman JM, Proulx SM. Medication errors caused by confusion of drug names. Drug Saf. 2003; 26
(7):445–52. PMID: 12735783

33. Dooley MJ, WisemanM, Gu G. Prevalence of error-prone abbreviations used in medication prescribing
for hospitalised patients: multi-hospital evaluation. Intern Med J. 2012 Mar; 42(3):e19–22. doi: 10.1111/
j.1445-5994.2011.02697.x PMID: 22432997

34. van Doormaal JE, van den Bemt PM, Zaal RJ, Egberts AC, Lenderink BW, Kosterink JG, et al. The
influence that electronic prescribing has on medication errors and preventable adverse drug events: an
interrupted time-series study. J AmMed Inform Assoc. 2009 Nov-Dec; 16(6):816–25. doi: 10.1197/
jamia.M3099 PMID: 19717798

35. Jung M, Hoerbst A, Hackl WO, Kirrane F, Borbolla D, Jaspers MW, et al. Attitude of physicians towards
automatic alerting in computerized physician order entry systems. A comparative international survey.
Methods Inf Med. 2013; 52(2):99–108. doi: 10.3414/ME12-02-0007 PMID: 23187311

36. Soerensen AL, Lisby M, Nielsen LP, Poulsen BK, Mainz J. The medication process in a psychiatric hos-
pital: are errors a potential threat to patient safety? Risk Manag Healthc Policy. 2013; 6:23–31. doi: 10.
2147/RMHP.S47723 PMID: 24049464

37. Andersen SE. Drug dispensing errors in a ward stock system. Basic Clin Pharmacol Toxicol. 2010 Feb;
106(2):100–5. doi: 10.1111/j.1742-7843.2009.00481.x PMID: 19912167

38. Berdot S, Gillaizeau F, Caruba T, Prognon P, Durieux P, Sabatier B. Drug administration errors in hos-
pital inpatients: a systematic review. PLoS One. 2013; 8(6):e68856. doi: 10.1371/journal.pone.
0068856 PMID: 23818992

39. van den Bemt PM, Robertz R, de Jong AL, van Roon EN, Leufkens HG. Drug administration errors in
an institution for individuals with intellectual disability: an observational study. J Intellect Disabil Res.
2007 Jul; 51(Pt 7):528–36. PMID: 17537166

40. van den Bemt PM, Fijn R, van der Voort PH, Gossen AA, Egberts TC, Brouwers JR. Frequency and
determinants of drug administration errors in the intensive care unit. Crit Care Med. 2002 Apr; 30
(4):846–50. PMID: 11940757

Impact of CPOE in an Orthopaedic Surgery Unit

PLOS ONE | DOI:10.1371/journal.pone.0134101 July 24, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/16322178
http://www.ncbi.nlm.nih.gov/pubmed/10428004
http://dx.doi.org/10.1136/amiajnl-2012-001241
http://www.ncbi.nlm.nih.gov/pubmed/23425440
http://www.ncbi.nlm.nih.gov/pubmed/9794308
http://www.ncbi.nlm.nih.gov/pubmed/11874397
http://www.ncbi.nlm.nih.gov/pubmed/3605113
http://www.ncbi.nlm.nih.gov/pubmed/2180287
http://www.ncbi.nlm.nih.gov/pubmed/16277713
http://dx.doi.org/10.1136/amiajnl-2012-001414
http://www.ncbi.nlm.nih.gov/pubmed/23715803
http://dx.doi.org/10.1197/jamia.M3050
http://www.ncbi.nlm.nih.gov/pubmed/19567798
http://www.ncbi.nlm.nih.gov/pubmed/12735783
http://dx.doi.org/10.1111/j.1445-5994.2011.02697.x
http://dx.doi.org/10.1111/j.1445-5994.2011.02697.x
http://www.ncbi.nlm.nih.gov/pubmed/22432997
http://dx.doi.org/10.1197/jamia.M3099
http://dx.doi.org/10.1197/jamia.M3099
http://www.ncbi.nlm.nih.gov/pubmed/19717798
http://dx.doi.org/10.3414/ME12-02-0007
http://www.ncbi.nlm.nih.gov/pubmed/23187311
http://dx.doi.org/10.2147/RMHP.S47723
http://dx.doi.org/10.2147/RMHP.S47723
http://www.ncbi.nlm.nih.gov/pubmed/24049464
http://dx.doi.org/10.1111/j.1742-7843.2009.00481.x
http://www.ncbi.nlm.nih.gov/pubmed/19912167
http://dx.doi.org/10.1371/journal.pone.0068856
http://dx.doi.org/10.1371/journal.pone.0068856
http://www.ncbi.nlm.nih.gov/pubmed/23818992
http://www.ncbi.nlm.nih.gov/pubmed/17537166
http://www.ncbi.nlm.nih.gov/pubmed/11940757

