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Summary

Aims: The present study was undertaken to quantify the impact of computerized drug
order entry system (CDOE) connected to the patients’ database, on the incidence
and type of prescription errors (PEs) in the medical service, and to delineate the
causes for remaining errors.
Methods: Drug orders were reviewed daily by a physician-reviewer, in a department
of internal medicine that used for more than 3 years a CDOE (CDOEdept), and in
a similar department in which drug orders were handwritten (HWdept). PEs were
divided into those not related to the individual patient (type 1 PEs), and PEs resulting
from drug—laboratory, drug—disease, and drug—allergy interactions (type 2 PEs).
Results: Ten thousand and two hospitalization days were evaluated. The incidence
of type 1 PEs was 5.21 and 1.36 per 100 hospitalization days in the HWdept and
CDOEdept, respectively (p < 0.0001). Type 2 PEs were more common, 7.20 and 3.02
per 100 hospitalization days in the HWdept and CDOEdept, respectively (p < 0.0001),
and about 75% of them were due to few drug—laboratory interactions. Most of the
remaining errors in the CDOEdept were due to inadequate adjustment of drugs and
doses to renal function, or failure to perform adequate changes when new laboratory
results became available.
Conclusions: We conclude that linking the CDOE with few, specific, laboratory re-
sults has a large impact on the prevention of PEs. Combining the CDOE with a
drug—laboratory alert system is expected to further reduce the incidence of PEs.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Adverse drug events (ADEs) have been consistently
identified as major causes of morbidity and mor-
tality in hospitalized patients [1—8]. The true in-
cidence of ADEs is controversial, and estimates
range between 1.5 and 35%, depending on definition
and the rigor with which the events were sought
[4]. While most ADEs are minor, it has been esti-
mated that as many as 140,000 deaths may occur
each year in the United States as a direct result
of ADEs [3,12,13,19—21]. A recent study estimated
that 18.2% of the deaths in a department of in-
ternal medicine were associated with ADEs [10].
In the Harvard Medical Practice Study, ADEs rep-
resented the single most common cause of iatro-
genic injury [2]. Although many ADEs are unavoid-
able, up to half are considered to be preventable
[2,3,11—13]. While many mistakes occur during the
dispensing of medication, most preventable ADEs
are related to the prescribing physician [3,7—16].
Therefore, the prevention of errors during the pre-
scription and transcription process is expected to
have a large impact on the incidence of preventable
ADEs.

ence of drug—drug interactions. The next and more
comprehensive level is produced by the connec-
tion of the CDOE to the patient’s medical database.
This connection enables immediate alerts when
intercepting drug—laboratory interactions (for ex-
ample, wrong doses in the presence of elevated cre-
atinine values, abnormal potassium levels, etc.),
drug-diagnoses interactions (i.e., drugs that should
be avoided in the presence of liver disease, etc.)
and drug—allergy interactions (including cross-
allergy).

Compared to a simple CDOE, a more compre-
hensive CDOE that also interacts with the patient’s
database requires additional investment, but only
limited information is available about its relative
contribution to the prevention of PEs. Also, the
relative contribution of the many laboratory pa-
rameters, diagnoses and cross allergies to the oc-
currence of PEs needs to be evaluated, in order
to assess if the linking of these parameters to the
CDOE will prove useful. Finally, only limited infor-
mation is available about the type and causes of
PEs remaining despite the use of a comprehensive
CDOE.

The current study was undertaken three years
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In addition to the inability of the average physi-
cian to memorize the ever increasing number of
drugs, treatment regiments and side effects, pre-
scribing the old-fashioned way with pen and pad is
prone to mistakes caused by slips of attention [17].
Computerized drug order entry (CDOE), including
comprehensive, real time surveillance of drug or-
der entry, can substantially reduce medication er-
ror rates [3,12,13,19,20], and converting to CDOE
was placed as top priority for the prevention of
ADEs [19,20]. Recent studies have shown that even
with the use of selected alerts and guidelines intro-
duced during the drug ordering process, substantial
reduction in ADEs could be achieved [18], and the
beneficial effect of CDOE increased with additional
refinements [13].

To be practical, a CDOE with real time surveil-
lance (i.e., all corrections are performed during
the process of order entry) has to be fast, fo-
cused on significant items, and provide important,
useful, and short information. From the technical
point of view, the CDOE has to interact with two
databases: a drug database and a patient database
[19]. The drug database should contain all drugs
available for use and their acceptable doses. This
first level of CDOE ensures complete, unambigu-
ous, and legible orders. It is expected to prevent
a wide scale of prescription errors (PE’s), includ-
ing non-existing drug names or doses and erroneous
dosing intervals. In addition, it eliminates transcrip-
tion errors, and can provide alerts in the pres-
fter the implementation of a comprehensive CDOE
n a department of internal medicine. We reviewed
aily and prospectively all orders written in this de-
artment, and compared the incidence of PEs to
he incidence found on the second, similar medical
epartment, in which all drug orders where hand-
ritten. As our reviewer was expected to intercept
nd prevent most, if not all, prescription-related
reventable ADEs, we aimed to quantify PEs rather
han ADEs, since writing an error-free prescription
s both the direct goal of a CDOE and the most im-
ortant measure for the prevention of ADEs. Our
pecific goals were: (1) to compare the usefulness
f different components of the CDOE in reducing
Es, primarily by assessing the importance of con-
ecting the CDOE to specific patients’ data, and (2)
o evaluate the causes for remaining PEs in a de-
artment that uses CDOE for several years, in order
o suggest possible methods to further reduce these
Es.

. Methods

.1. Location and patients population

he Bnai-Zion Medical Center is an acute care
niversity hospital, with two 44 beds general
edical wards, entitled Departments of Internal
edicine A and B. Both departments are completely
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independent, and have their own residents, attend-
ing physicians, directors, nurses, and other staff.
However, the departments are equal in respect to
average patient occupancy, as well as the num-
ber of nurses, residents and attending physicians.
Sub-specialties are organized in independent units,
and the same consultants serve both departments.
This, as well as common educational staff-meetings
and hospital guidelines, result in practically iden-
tical clinical policies, treatment practices and
use of medication on both departments. Patients
admitted to both departments are almost exclu-
sively acute admissions from the emergency depart-
ment, distributed equally (24 h shifts) to the two
departments. The only difference between the two
departments is in the mode physicians write drug
orders: In one department drug orders are hand-
written and transcribed by nurses (HWdept), while
the other uses a comprehensive CDOE (CDOEdept).

2.2. Computerized drug order entry

The CDOE was developed exclusively for the pre-
vention of PEs, and was implemented for rou-
t
p
r
d
t
i
p
t
n
t
u
i
m
w
t
c
n
a
s
T
b
t
d

r
s
d
a
a
o
a

ence of which the administration of certain drugs
should be discouraged. All patient’s blood test re-
sults are stored automatically and continuously in
the CDOE database. A large number of alerts is as-
sociated with abnormal laboratory values, and ap-
pear when an interaction is encountered between
a prescribed drug and a relevant abnormal labo-
ratory result (including abnormal renal function for
all drugs that can affect renal function or their dose
needs to be adjusted in the presence of renal fail-
ure, liver function tests for all drugs that can cause
liver injury, anemia and low mean corpuscular vol-
ume (MCV) for all non-steroidal anti-inflammatory
drugs and anticoagulants, leucopenia and thrombo-
cytopenia for all drugs that can cause bone mar-
row suppression and so on). The patients’ database
was designed, therefore, not just for certain re-
minders, but to provide a wide scale of information
that a physician needs to consider while writing a
prescription. Each alert contains a short explana-
tory note. For all drugs whose dosing requires ad-
justment to renal function, the alert contained the
adjusted doses for the specific drug for all creati-
nine and creatinine clearance time (CCT) ranges.
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ine use in one department three years before the
resent study, as part of the electronic patient
ecords. It includes a drug database, and a patients’
atabase connected to the hospital’s administra-
ive and laboratories database. The drug database
s based on a list of all drugs available in the hos-
ital, including all acceptable doses and adminis-
ration frequencies, and other names or dosing are
ot permitted. Hours of administration are coupled
o all administration frequencies for each individ-
al drug, along with orders to the nurses concern-
ng relationships to food (before or with meal) or
ode of administration (with much water, etc.)
henever indicated. Up to two reminders are at-
ached to each drug, usually reminding the physi-
ian the availability of a blood-drug-level test or the
eed for specific monitoring. In addition, abbrevi-
ted information about the drug, including major
ide effects and risks, is available by a mouse click.
reatment guidelines are available, and drugs can
e transferred from the guidelines to the prescrip-
ion. The drug order can be printed only after a
rug—drug interaction check is performed.
The patients’ individual database provides a

eal-time drug—allergy (including cross-allergy to
imilar drug class or compounds), drug—disease and
rug—laboratory alerts, which appear immediately
fter the drug name is typed or chosen. On the first
dmission to the hospital, order entry can begin
nly after entering the patients’ allergies, as well
s a limited number of disease classes in the pres-
.3. Identification of PEs

he study was conducted in parallel on the two
epartments over 6 months, and was approved by
he institutional review board, with full coopera-
ion and active participation of the directors of
he two departments (AO and DY). All patients’
harts were reviewed for the presence of new or-
ers, new diagnoses, and new laboratory results
y a trained physician-reviewer (DZ, a third-year
esident from the CDOEdept, that used the CDOE
rom the beginning of her entire residency). The
hart review was conducted daily, with the excep-
ion of Saturdays, that were evaluated retrospec-
ively, and PEs and additional data were registered
or each patient on forms designed for this study.
he chart review was structured, using a check-list
f specific items, constituting usual medical rou-
ines based on textbooks, guidelines, etc. Our list
f PEs followed the definition of medication er-
ors, PEs, or potential ADEs used in previous pub-
ications, i.e., errors in the process of drug order-
ng, with potential to cause harm. All listed items
ere accepted as potentially clinically important
y the participating clinicians of both departments,
nd, therefore, were included also in the CDOE.
Es were divided into those related to the drug
atabase (misspelled drug names, wrong or miss-
ng doses and dosing intervals, transcription errors,
nd drug—drug interactions) termed as type 1 PEs,
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Table 1 Patients information

HWdept CDOEdept

Hospitalization days evaluated, n 4969 5033
Number of patients, n 641 709
Mean age (years) 70.7 (68.7—71.9) 70.8 (69.0—72.3)
Mean duration of hospitalization (days) 7.85 (7.34—8.37) 7.01 (6.60—7.42)a

Mean number of drugs per patient, n 6.81 (6.63—7.02) 6.69 (6.46—6.94)

Data are mean and in parenthesis 95% confidence interval.
a Significantly different, p < 0.01.

and PEs related to the patients’ database (a list
of drug—allergy, drug—disease and drug—laboratory
interactions), termed type 2 PEs. Any medication
change not undertaken up to 24 h from the time a
new laboratory result or diagnosis was known, was
considered to represent a PE. Following the chart
review, the reviewer discussed with the relevant
physicians the PEs, and they either agreed that, in
the particular circumstance, the order was not a PE,
or the PE was corrected. In cases of disagreement,
an appropriate consultant or another attending was
asked to make the decision. Finally, all forms were
reviewed by the senior investigator (AO) to ascer-
tain that all PEs were registered according to the
study guidelines.

2.4. Analysis

Background measures of patients in the two depart-
ments were compared by one-way ANOVA. Means
for types and classes of PEs were calculated both
per patient (admission) and per 100 patient hos-
pitalization days. In addition, the presence or
absence of PEs, for each patient, was used to cal-

culate the relative risk (odds ratio) of the major
PE types in the two departments. Forced steps re-
gression analyses were conducted in order to exam-
ine the effects of duration of hospitalization, mean
number of drugs administered daily and age, on the
incidence of PEs in each department. Data are given
as mean and 95% confidence interval (CI). All anal-
yses were performed using SPSS.

3. Results

Information about the patients in the two de-
partments is given in Table 1. Ten thousand and
two patient-hospitalization days (4969 and 5033 in
HWdept and CDOEdept, respectively), were evalu-
ated. The average age of the patients, as well as
the average percentage of patients less than 65
years was similar in both departments. The mean
hospitalization duration in HWdept was slightly
longer than in CDOEdept. The average daily num-
ber of drugs per patient was similar in both depart-
ments.

part
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0.11)
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Table 2 Incidence of prescription errors in the two de

HWdept

Erroneous dose or intervala 0.11 (0.08—
Drug—drug interactions 0.08 (0.06—
Transcription errors 0.22 (0.17—

All type 1 PEs 0.41 (0.35—

Drug—laboratory interactions 0.50 (0.43—
Drug—disease interactionsc 0.05 (0.03—
Drug—allergy interactions 0.02 (0.01—

All type 2 PEs 0.56 (0.49—

Data are given as mean number of errors per patient (and 95%
a Wrong dosing due to inadequate adjustment to renal failu
b Errors resulting from handwriting on the typed prescriptio
c Renal failure not included (counted under drug—laborator
ments

CDOEdept p

0.02 (0.01—0.03) <0.0001
0.04 (0.02—0.05) <0.01
0.04 (0.02—0.05)b <0.0001

0.10 (0.07—0.12) <0.001

0.18 (0.14—0.22) <0.0001
0.02 (0.01—0.03) <0.01
0.02 (0.01—0.02) NS

0.21 (0.17—0.25) <0.0001

dence interval).
t included.

ractions).
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The frequency of type 1 PEs is shown in Table 2.
Only PEs considered having the potential to cause
harm to the patient (unclear and misspelled drug
names that caused transcription of a different
drug, dosing errors, drug—drug interactions and
transcription errors) were considered. We found a
mean of 0.41 and 0.10 type 1 PEs per admission
(or 5.21 and 1.36 per 100 hospitalization days) in
HWdept and CDOEdept respectively, i.e., odds ra-
tio of 4.25 (CI 3.14—5.76, p < 0.001). Although mis-
spelling drug names and ordering non-existing doses
was prevented by the CDOE, it remained possi-
ble to choose inadequately low doses reserved for
patients with renal failure (inadequate dose ad-
justment to patients’ diseases were not counted
in this category). In the HWdept, transcription er-
rors occurred, on average, in every fifth patient
during hospitalization (although all transcriptions
are regularly double-checked by the department
head-nurse). In the CDOEdept, no transcription was
needed. However, some patients brought their own
medications that were not available in the hos-
pital (or in the country), and these drugs had
to be added by hand writing to the typed pre-
scriptions. These added handwritten orders were
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Table 3 Drug—laboratory interactions in the two
departments

HWdept CDOEdept

Elevated creatinine level 139 (44.3) 57 (44.2)
Hypokalemia 80 (25.5) 16 (12.4)
Hyperkalemia 17 (5.4) 26 (20.1)
Anemia or low MCVa 39 (12.4) 19 (14.7)
Othersb 39 (12.4) 11 (8.5)

Total 314 129

Numbers indicate drug—laboratory interactions related to
the specific laboratory abnormality. In parenthesis percent-
age of the total number of drug—laboratory interactions
in this department. Only interactions that led to changes
of drugs or doses after the intervention of the physician-
reviewer were counted.

a Mean corpuscular volume.
b Elevated transaminases, uric-acid or creatinine-phosph-

okinase, leucopenia, thrombocytopenia, and prolonged par-
tial thromboplastin time, in the presence of which discontin-
uing certain medications was indicated.

ing inappropriate drugs to patients who reported
allergies was relatively uncommon, although cross-
allergy was also evaluated, and similar on both de-
partments. In CDOEdept, both drug—disease and
drug—allergy interactions occurred when physicians
failed to enter the specific disease or allergy into
the digital diagnoses list, or ignored the CDOE warn-
ing.

Table 3 depicts the specific causes of
drug—laboratory interaction-related PEs. Lack
or insufficient consideration of three abnor-
mal laboratory tests accounted for 87.6 and
91.5% of the PEs in this category in HWdept
and CDOEdept, respectively: creatinine (ele-
vated, or reduced CCT), potassium (hypo- or
hyperkalemia), and hemoglobin/MCV (anemia in
association with the administration of aspirin, or
occasionally other non-steroidal anti-inflammatory
drugs, as well as anticoagulants). With the ex-
ception of hyperkalemia-related interactions,
marked reduction in all interactions was noted
in CDOEdept. However, the relative frequency of
the drug—laboratory interactions groups in the
two departments (including the total number of
interactions related to abnormal potassium levels)
r
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rone to errors when a new prescription was
rinted.
Type 1 PEs did not include common faults that

haracterize hand written orders, like unclear
r misspelled drug names that required clarifi-
ation with the physicians but were transcribed
orrectly, unidentifiable identity of the ordering
hysician, and lack of instructions regarding rela-
ionship of drug administration to meal, considered
o be known to the nurses. These inadequacies,
ery common in the HWdept (19.6 per 100 hos-
italization days) were almost completely elimi-
ated by the CDOE (0.6 per 100 hospitalization
ays).
The incidence of all type 2 PEs (i.e., drug—

aboratory, drug—disease and drug—allergy inter-
ctions) was 0.56 and 0.21 per admission (or 7.20
nd 3.02 per 100 hospitalization days) in HWdept
nd CDOEdept, respectively (odds ratio 2.70, CI
.08—3.49, p < 0.0001) (Table 2). In both depart-
ents, most PEs were caused by the lack or insuffi-
ient consideration of abnormal laboratory results.
he CDOE-associated decrease in drug—laboratory
nteractions reached almost 60% (from 6.32 to
.56 PEs per 100 hospitalization days, p < 0.0001).
rug—disease interaction-related PEs (inappropri-
te drugs or doses in the presence of liver, heart,
r prostate diseases) were far less common (er-
ors related to renal failure were counted as
rug—laboratory interactions only, i.e., related
o abnormal creatinine or CCT values). Prescrib-
emained surprisingly similar.
Forced steps regression analysis, performed in

rder to evaluate the effects of several variables
xpected to affect the frequency of PE, showed
positive correlation between the length of hos-
italization and the incidence of PEs (p < 0.01
or both departments). After controlling for av-
rage number of drugs, patient age had no ef-
ect on the incidence of PEs. However, the
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incidence of PEs increased significantly with in-
creasing average number of drugs in HWdept
(p < 0.003), but not in CDOEdept (p = 0.512). The
difference between HWdept and CDOEdept in the
incidence of both types of PEs remained highly
significant (p < 0.0001) also after controlling for
length of hospitalization and average number of
drugs.

4. Discussion

Computerized order entry is becoming increas-
ingly available, preventing typographical and tran-
scription errors, and often enabling drug—drug
interaction control. However, very few hospitals
are already using CDOE connected to the pa-
tients’ database and capable of providing on-line
surveillance of drug—laboratory, drug—disease and
drug—allergy interactions related to the individual
patient [18]. Therefore, only limited information
is available about the impact of individual compo-
nents of the CDOE on the quality of prescriptions,
i.e., prevention of PEs. The results of the present

plex, and we found it difficult to distinguish PEs
from ‘‘potential ADEs’’ or to define the poten-
tial risk of many PEs. For example, defining the
level of drug-induced hypokalemia that should be
considered as potentially life threatening is arbi-
trary, and depends often on the patient’s medi-
cal condition. On the other hand, administration of
an insufficient dose of antibiotics due to exagger-
ated dose-reduction in the presence of renal fail-
ure is an error that may have grave consequences,
but such consequences are not defined as ADEs.
In addition, many pathological processes, like de-
terioration in renal function, are multi-factorial,
and it is often unclear whether they represent
an ADE, even when a potentially causative drug
is involved. We believe, therefore, that despite
the relatively low incidence of ADEs that actually
occur in the presence of PEs [15], good clinical
practice should be to prevent errant order entries
with the potential to cause harm, and the primary
role of CDOE is to help the physician with this
task.

A large number of studies have assessed the in-
cidence and type of ADEs and PEs in hospitalized
patients [1—3,7—17,22—26], and PEs have been
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study provide new information, obtained in a de-
partment in which all residents use CDOE routinely
from the beginning of their training, on two major
aspects related to the effects of the CDOE on PEs on
the medical service: First, quantification of the ef-
fect of a comprehensive CDOE on specific types and
categories of PEs, enabling evaluation of the rela-
tive impact of individual components of the CDOE.
And second, quantification and categorization of
PEs that remained despite the use of CDOE, provid-
ing specific recommendations expected to further
reduce these PEs.

The results of the present study need to be
viewed in the context of its design. The study eval-
uated PEs rather than ADEs, and the true clini-
cal benefit of the reduction in PEs achieved in the
CDOEdept is unknown. However, it is probably safe
to assume that the administration of wrong drugs
due to transcription errors, inappropriate dosing in
patients with renal failure, and many similar PEs,
should be prevented, even if the accurate harm
done to patients by these errors is difficult to quan-
tify. We choose to identify PEs rather than ADEs (or
even potential ADEs), because any study designed
to prospectively evaluate all prescriptions by an
experienced physician-reviewer precludes the oc-
currence of most prescription-related preventable
ADEs. Therefore, the effect of CDOE on preventable
ADEs can be evaluated only by a retrospective chart
review, a method with substantial limitations. In
addition, the definition of ADEs and PE’s is com-
ound to be caused by a wide spectrum of mis-
akes. Obviously, the incidence and type of errors
epend on many factors, including the definition
f PEs, how the PEs were evaluated (retrospec-
ive chart review, prescription-check in the phar-
acy, prospective surveillance, etc.) and by whom
nurses, pharmacists, physicians, etc.), the pre-
cribing service (i.e., medical, surgical, etc.) and
any others. The wide disparity in the estimates
f ADEs and PEs between studies is probably a di-
ect result of the diversity in methodology. We be-
ieve that the methodology used in the present
tudy, i.e. prospective daily examination of all drug
rders by an experienced and trained physician-
eviewer, using all information available in the pa-
ients’ charts, is expected to provide the best
urveillance results. An additional advantage of
he present study was the availability of unique
ocal conditions (two ‘‘twin’’ ward-departments,
ith only one using CDOE), enabling us to conduct
simultaneous, parallel, prospective comparison,
ather than use an historic control. Although the
edical personnel on the two departments was not
he same, this difference was probably not larger
han the one occurring in studies that conducted
omparisons before and after implementation of
DOE. On the other hand, our study design pre-
ented the bias of technical difficulties and learn-
ng process associated with the introduction of a
ew CDOE. Finally, the fact that the chart reviewer
as a resident of the CDOEdept could produce a
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bias. However, as the primary goals of the study
were to evaluate the relative importance of differ-
ent components of the CDOE and the causes for
remaining PEs in the CDOEdept, such a bias was
unlikely.

4.1. Specific effects of CDOE

CDOE has the potential to almost completely elim-
inate most type 1 PEs, as evident from the find-
ings in CDOEdept. Interestingly, although the CDOE
significantly reduced the incidence of potential
drug—drug interactions, the reduction of this inter-
action reached only about 50%. Although drug—drug
interactions constitute only a small proportion of
adverse drug reactions, they are important, be-
cause they are often predictable and therefore
avoidable or manageable. Also, in the hospitalized
elderly, concomitant use of many drugs is very com-
mon, and the risk for drug interactions is likely to
be increased. Although only about 10% of potential
interactions result in clinically significant events,
and death or serious clinical consequences are rare,
low-grade morbidity may be much more common.
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ter of the number of PEs associated with renal fail-
ure. Similarly, prescribing inadequate drugs to al-
lergic patients was relatively rare, probably due
to the high awareness of both medical personnel
and patients to this problem. These findings indi-
cate, therefore, that a major effort should focus
on the prevention of PEs associated with a limited
number of abnormal laboratory test results. Be-
fore expanding the computerized surveillance over
a large number of rare drug—disease and additional
drug—laboratory interactions with the potential to
cause harm, the side effects of overwhelming the
drug ordering physician with numerous alerts and
advises of marginal or seldom value should be con-
sidered [18].

4.2. PEs remaining after CDOE —– lessons
from the findings in CDOEdept

Most of the remaining type 1 PEs were due to
handwriting on the typed prescription, and ignoring
(or disagreement with) the CDOE recommenda-
tions concerning drug—drug interactions. There-
fore, even the introduction of this relatively simple
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owever, the bulk of the clinical literature that
as been published about drug interactions has fo-
used either on the mechanisms, pharmacokinetic
tudies, or cases observed by clinicians. When it
omes to the true risk of a drug—drug interaction,
r the probability of such an interaction occurring
n a given population, a dearth of information is
vailable. Therefore, primary care physicians ig-
ore most alerts related to drug—drug interac-
ions, including almost 90% of those considered as
igh severity interactions [27], and residents may
udge the risk of many drug—drug interaction to
e relatively low in the hospitalized patient un-
er close surveillance. Interestingly, the association
etween the number of drugs prescribed to a pa-
ient and the incidence of PEs, was eliminated by
he CDOE.
In the medical departments, with many old

atients suffering from heart and renal failure,
reated with high-dose diuretics, ACE inhibitors,
otassium and anticoagulants, we found that type
, patients-related PEs were more frequent than
ype 1 PEs, emphasizing the importance of con-
ecting the CDOE to the patients’ database. About
0% of all type 2 PEs were associated with
rug—laboratory interactions, and the bulk of these
Es was caused by insufficient consideration of few
aboratory results, namely indices of renal fail-
re, hypo-and hyperkalemia, and anemia. The to-
al number of PEs associated with liver, heart and
rostate diseases collectively were less than a quar-
evel of CDOE, that does not require connection
o the patients’ records, prevents many errors and
isunderstandings. Because hand written supple-
ents and corrections on the typed order are often
ost when new orders are issued, they should be pre-
ented by the institutional handling of CDOE, and
ther local solutions for unavailable drugs should
e provided when necessary. Some disagreements
etween physicians and the recommendations of
he CDOE are likely to remain, and further ex-
erience is needed to assess their clinical signifi-
ance.
Unlike type 1 PEs, most of which can be fully

revented by the CDOE, interception of type 2
Es evokes alerts that the prescribing physician
an disregard, thereby leaving orders considered
o represent PEs. In addition, failure to enter rel-
vant allergies and diseases into a diagnoses list
ccessible to the CDOE precludes their intercep-
ion. However, the bulk of the remaining PEs in
DOEdept was associated with abnormal laboratory
esults. It should be noted that tests most relevant
or PEs (creatinine, potassium and hemoglobin)
ere performed every 1—3 days in almost all pa-
ients and with equal frequency in the two de-
artments. Most drug—laboratory interactions were
orrected shortly after the new laboratory test
esults became available, and, therefore, were
ot considered to represent PEs according to the
tudy definitions. This was particularly the case
ith severe laboratory abnormalities, due to the
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independent laboratory ‘‘panic-alert’’ available in
the hospital. The remaining PEs in the CDOEdept
were caused primarily by two causes: First, assum-
ing they knew the right doses, physicians sometimes
failed to read the instructions for the adjustment of
drug doses to the severity of renal failure. Second
and more important, the CDOE alerted the physi-
cian only during the drug ordering process. On days
when no change in prescription was performed,
physicians sometimes failed to recognize the need
for prescription changes indicated by the arrival of
new test results. These findings drove us to imple-
ment (after the conclusion of this study) two refine-
ments to reduce these errors. First, the adjustment
of drug doses for patients with renal failure has
been fully automated, and the CDOE now presents
the appropriate dose calculated automatically us-
ing the patient’s weight, age, sex, and most recent
creatinine level. The second improvement was the
integration of the CDOE with an automated daily
drug—laboratory interaction check for all patients.
A checkmark appears on the main screen near the
name of each patient for whom a drug—laboratory
interaction was found. Examining the causes for the
alert has become part of the evening rounds rou-

fifth evaluated a limited, specific effect of the
CDOE (the utility of CPOE in improving prescrib-
ing for corollary orders). Therefore, the conclusions
of this review were based primarily on two pub-
lications describing the study conducted by Bates
et al. shortly after implementation of a compre-
hensive CDOE [13,14]. At the time of the study,
the CDOE modules designed to prevent the major
type 2 errors (drug—disease and drug—laboratory
interactions, including suggested doses in the pres-
ence of renal failure) were not yet implemented.
Therefore, this study evaluated primarily the ef-
fect of CDOE on type 1 errors. The authors found
an 86% reduction in non-intercepted serious med-
ication errors (compared to historic control), as-
sociated with a borderline-significant (p = 0.05) de-
crease in the number of preventable adverse drug
events [13,14]. The authors emphasized the limita-
tions of their review, which was based primarily on
their CDOE system, which was still under develop-
ment. They concluded that the study provided evi-
dence that the use of CDOE can substantially reduce
medication error rates, but further studies are re-
quired, targeted at critical questions, including the
effectiveness of specific applications of the CDOE.
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tine. It remains, however, to evaluate the impact of
these improvements on remaining PEs. Also, CDOE
can be easily linked to decision support systems, but
the effects of such systems, and the importance of
specific items, remain to be evaluated. In addition,
one should keep in mind that the CDOE provides
support mainly to the process of drug prescription,
with little effect on drug delivery and administra-
tion by the nurses (automated, drug-specific, in-
structions regarding relationships to food, as well
as required precautions in the presence of high or
low pulse rate and/or blood pressure are provided).
The extent of errors during drug distribution is dif-
ficult to assess, but is considered to be substan-
tial [28]. Both clinical pharmacists, that can also
provide independent prescription control, and link-
ing the CDOE to a semi-automated drug distribution
system, are likely to reduce the incidence of these
errors.

Although many CDOE systems are commercially
available, their potential impact remains somewhat
speculative, as only one was evaluated for effec-
tiveness, and the evaluation was conducted be-
fore implementation of some of its most impor-
tant components [13,14]. The currently available
knowledge on the effects of CDOE on medication
safety has been recently reviewed [18]. In an ex-
tensive medline search, the authors found only five
adequate publications, four of which were stud-
ies related to the CDOE at Brigham and Women’s
Hospital (published by the same authors), and the
The results of our study not only support pre-
ious conclusions (regarding type 1 PEs), but also
rovide new information regarding specific applica-
ions of the CDOE not previously evaluated (mostly
elated to type 2 PEs). We have already shown that
ith the availability of increasingly faster comput-
rs, a fast and user-friendly CDOE system that re-
uires no ‘‘computer literacy’’ can be implemented
nd used easily, in conjunction with available elec-
ronic patient chart, on a busy small-town medical
ervice [29]. Although our results derive from the
epartment of internal medicine, a similar [3] or
igher [8] incidence of ADEs was found in surgical
nits. While moving toward CDOE is an accepted
oal [18], physicians need convincing evidence that
roposed means for reducing errors are effective
30]. Our results demonstrate not only that a com-
rehensive CDOE is most effective, but also point
o the specific components most useful for the pre-
ention of PEs. Our findings indicate that connec-
ion to the laboratory database is most important,
nd only a small number of laboratory tests are
ctually relevant for the prevention of most PEs.
roviding explanations and instructions (originally
sed for drugs requiring dose adjustment to re-
al failure) is insufficient, and automated solutions
hould be used whenever possible. Finally, drug or-
ers often become erroneous when new laboratory
esults become available, and combining the CDOE
ith an alert system may be useful to optimize its
otential.
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Specific summary points
What is already known on this topic
Computerized drug order entry (CDOE) is believed to reduce medication errors and adverse drug events.
Only one limited CDOE has been previously evaluated.
Information on the impact of specific components of such a system, as well as causes for remaining
errors, is scarce.

Our study points to specific components of CDOE most useful for the prevention of prescription errors
Connecting the CDOE to the individual database of the patient is at least as important as the other
components of the CDOE.
Connection to the laboratory database is by far the most important.
However, only a small number of laboratory test is actually relevant for the prevention of most pre-
scription errors.
Automated adjustment of doses of relevant drugs to renal function is required.
Combining the CDOE with an alert system may be useful to optimize its potential.
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