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Abstract: Published evidence on the ef-
fects of computerized physician order entry
(CPOE), automated dispensing machines
(ADMs), bar coding, and computerized med-
ication administration records (CMARs) on
medication errors and adverse drug events
(ADEs) were reviewed.

Emerging technologies have been rec-
ommended as potential mechanisms for
reducing medication errors. Critical evalu-
ations of the impact of these new technol-
ogies on medication errors and other ad-
verse outcomes are lacking. PubMed was
searched to identify all peer-reviewed
publications linking four technologies
(CPOE, ADMs, bar coding, and CMARs)
with reductions in medication errors and
ADEs and secondary endpoints. All con-
trolled studies that assessed the impact of
the technologies were evaluated. The ap-
propriateness of the use of these technol-
ogies was also examined.

In 1999 the death rate associated
with medication errors was esti-
mated at 7000 per year.1 Of medi-

cation errors considered preventable,
over half result in adverse drug
events (ADEs).2 ADEs are defined as
“any response to a drug which is
noxious, unintended, and which oc-
curs at doses normally used in hu-
mans for the prophylaxis, diagnosis,
or therapy of disease.”3 A recent
meta-analysis found a 6.7% inci-
dence of serious adverse drug reac-
tions in hospitals.4 In the Medical
Practice Study, ADEs accounted for
14.1% of all seriously disabling ad-
verse events.5 Classen et al.6 calculat-
ed the excess cost of hospitalization
attributable to an ADE to be $2013,
while others suggest the figure to be
even greater, particularly for pre-
ventable ADEs.7

An estimated 28–56% of ADEs are
considered preventable.6-9 Medication
errors due to illegible handwritten pre-
scriptions, overlooked allergies and
drug interactions, and incorrect dos-
ages often result in ADEs. Conse-
quently, technology-based interven-
tions have been recommended as a
key mechanism for reducing the like-
lihood of medication errors and
ADEs.10 Computerized physician or-
der entry (CPOE) has been endorsed
as one of three initial methods that

Few studies were identified that evaluat-
ed the technologies’ impact on these end-
points. Of the evaluated technologies,
CPOE was the most studied; however, in-
vestigations were limited to selected medi-
cal centers. The appropriateness of use of
the technologies was evaluated even more
infrequently.

A literature review revealed a paucity of
controlled, generalizable studies confirm-
ing the benefits of technologies intended
to reduce medication errors and ADEs. Very
little evidence on the appropriateness of
the use of these technologies was found.

Index terms: Automation; Codes; Comput-
ers; Dispensing; Drug administration;
Drugs, adverse reactions; Errors, medica-
tion; Medication orders; Physicians;
Records; Technology
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should be widely adopted by hospi-
tals to reduce prescribing and tran-
scription errors.11 Other studies have
investigated the impact of technolo-
gies on medication errors.12-14 With
the exception of a recent publication
commissioned by the Agency for
Healthcare Research and Quality,15

critical reviews summarizing the im-
pact of new technologies on medica-
tion errors and ADEs are lacking.

Several factors may influence the
appropriate use of particular tech-

nologies. The complexity of the hos-
pital workplace, limitations in the
number of care components that can
be automated, and the technologies’
interaction with human factors can
determine their success or failure. If a
technology is not used as intended,
increased inefficiency and medical
errors may result. Consequently, in
addition to demonstrating the value
of a new technology with outcomes
evidence, it is important to investi-
gate whether the technology is being
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used appropriately and to identify
barriers to its appropriate use.

We critically reviewed four tech-
nologies that have been proposed to
reduce medication errors: CPOE,
automated dispensing machines
(ADMs), bar coding, and computer-
ized medication administration
records (CMARs). Clinical decision
support systems is another com-
monly used technology; however, it
involves multiple individual tech-
nologies, and there is considerable
heterogeneity among systems, which
often include both CPOE and alert
systems. Therefore, we did not evalu-
ate clinical decision support systems.

We decided to focus on these four
technologies because a review of the
contemporary literature indicated
that they are commonly used and are
most likely to influence patient safe-
ty.13,15,16 The aims of this study were
to identify published studies that as-
sessed the effects of the given tech-
nology, especially with respect to
medication errors and ADEs, and to
identify published studies that as-
sessed the appropriateness of use of
the technology.

Methods
The first objective of this review

was to identify all published studies
evaluating patient outcomes associ-
ated with the use of the four technol-
ogies. We selected studies with medi-
cation errors and ADEs as primary
endpoints. These studies also had
secondary endpoints, including
costs, work efficiencies, and other
measures. Medication errors were
defined as “any preventable event
that may cause or lead to inappropri-
ate medication use or patient harm
while the medication is in the control
of the health care professional, pa-
tient, or consumer.”17 ADEs were de-
fined as “any response to a drug
which is noxious, unintended, and
which occurs at doses normally used
in humans for the prophylaxis, diag-
nosis, or therapy of disease.”3 Studies
were assessed for concordance with

these definitions. Appropriateness of
use of technologies was defined as any
analysis that assessed the degree to
which a technology was used as in-
tended (e.g., overrides with ADMs18).

Previously published studies of
CPOE, bar coding, and CMARs were
identified through a PubMed search
for the period from 1982 (when
CPOE was first integrated into hos-
pital information systems) through
March 2002. ADMs were searched
from the inception of PubMed in
1966, since the first publications as-
sociated with ADMs appeared short-
ly thereafter (1969).

A set of relevant publications was
selected for inclusion on the basis of
a specific search strategy using medi-
cal subject heading (MeSH) terms.
Our search strategy included the fol-
lowing MeSH termsa:

• CPOE: Clinical pharmacy information
systems, decision support systems,
clinical drug therapy, computer-
assisted/*methods, hospital informa-
tion systems, information systems,
medication errors/prevention and
control, medical records systems/
computerized, medication systems,
hospital, user computer interface,
and pharmaceutical preparations/
*adverse effects.  Keywords: CPOE,
computerized physician order entry.

• ADMs: Automation, clinical phar-
macy information systems, medica-
tion errors/statistics and numerical
data, medication systems—hospital,
computer-assisted/*methods, med-
ication errors/prevention and con-
trol. Keywords: ADM, automated dis-
pensing machine*.

• Bar coding: Clinical pharmacy infor-
mation systems, clinical drug thera-
py, computer-assisted/*methods,
hospital information systems, infor-
mation systems, medication errors/
prevention and control, medical
records systems/computerized, hos-
pital and user computer interface, au-
tomatic data processing/*methods.
Keyword: Bar-cod*.

• CMARs: Clinical pharmacy informa-

tion systems, clinical drug therapy,
computer-assisted/*methods, hospital
information systems, information sys-
tems, medication errors/prevention
and control, medical records systems/
computerized, hospital and user
computer interface. Keywords: medi-
cation administration record, MAR.

We reviewed all references from the
recovered articles, as well as from pre-
viously identified review articles. Stud-
ies were evaluated and included only if
they were based in the United States
and published in a peer-reviewed jour-
nal. Only controlled studies were in-
cluded. Implementation guidelines,
reviews, user-satisfaction surveys,
opinions, and letters were excluded.
Studies in which the full text was un-
obtainable were also excluded.

Five articles among the identified
citations could not be located for re-
view (Appendices A–D). However,
the titles and lengths of these articles
suggest that they probably do not de-
scribe controlled studies.

Results
CPOE. The search resulted in 103

studies, of which 92 were excluded
(Appendix A). The 11 studies evalu-
ating endpoints are summarized in
Table 1.2,19-28 Of these 11, only 3 stud-
ies evaluated the impact of CPOE on
medication errors and ADEs.2,20,28

One study observed a reduction in
both preventable and potential ADEs
when a CPOE system was imple-
mented.20 The rates of nonintercept-
ed serious medication errors (errors
that are not intercepted before inju-
ry) and nonintercepted potential
ADEs (errors that by chance resulted
in no injury) were significantly re-
duced with CPOE. Furthermore,
these reductions were observed
across all levels of severity for nonin-
tercepted serious medication errors.
Specifically, dosage errors decreased
by 23% and errors associated with
known allergies fell 56%.

In another trial evaluating medi-
cation errors and ADEs, decreases in
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aCPOE = computerized physician order entry, ADEs = adverse drug events, ADRs = adverse drug reactions.
bIn some cases, p values were not reported.

Table 1.
Controlled Studies Evaluating Outcome with Computerized Physician Order Entrya

Reference Study Design Resultsb

20

2

28

19

21

22

23

24

25

26

27

Prospective, before–after (comparison of
indicators before and after CPOE
implementation)

Retrospective, time series

Prospective, before–after

Retrospective, before–after

Prospective, time series, historical data
used as control

Time-and-motion (prospective, before–
after)

Prospective, controlled

Prospective, before–after

Prospective, controlled

Prospective, controlled, time-and-motion

Prospective, controlled, time-and-motion

Nonintercepted serious medication errors decreased 55% (p = 0.01). A
17% decrease in preventable ADEs was observed (p = 0.37).

The nonmissed-dose medication-error rate fell 81% (p < 0.0001).
Nonintercepted serious medication errors fell 86% (p < 0.0003).
Differences between baseline and follow-up were observed for all
main types of medication errors. The rate of all medication errors
decreased by 83%. The total ADE rate fell from 14.7 of 1,000 patient-
days at baseline to 9.6 of 1,000 patient-days during the last period of
the intervention (p < 0.09).

ADRs due to antiinfective agents decreased from 28 during the
preintervention period to 4 during the intervention period (p = 0.018).
During the intervention period, patients received an average of 4.7
fewer doses of antiinfective agents (p = 0.042), had an average
decrease of $81 in the cost of antiinfective agents (p = 0.079), and
received excessive antiinfective dosages for an average of 2.9 fewer
days (p < 0.001).

Overall use of vancomycin decreased 47% (from a mean of 103 g per
1,000 patient-days to 54 g per 1,000 patient-days) (p < 0.001).
Appropriate use of vancomycin increased from 39% to 70% (p < 0.001).

Preferred use of nizatidine was observed, increasing from 15.6% of all
histamine H

2
- receptor blocker orders to 81.3% (p < 0.001). The

percentage of doses that exceeded the highest recommended dose
decreased from 2.1% to 0.56% (p < 0.001). Appropriate use of
ondansetron increased from 6% to 75% (p < 0.001). The use of
prophylactic subcutaneous heparin sodium increased from 24% to
47% (p < 0.001).

CPOE doubled the time required to write medication orders (p < 0.001).

Intervention-group physicians wrote 32% fewer orders (p < 0.04) and had
28% fewer patients for whom a vancomycin order was initiated or
renewed (p = 0.02). The duration of therapy in the intervention group
was 36% lower than in the control group (p = 0.05). The overall
hospitalwide use of intravenous vancomycin decreased (p < 0.01).
Interventions were associated with a projected saving of $22,500–
$90,000 per year because of decreased vancomycin use.

The cost of levofloxacin therapy per patient-day decreased. Total
expenditures for intravenous and oral levofloxacin decreased from
$231,416 to $87,972 and from $50,042 to $33,003, respectively.

A 25% improvement in the ordering of corollary medications by faculty
and residents was observed (p < 0.0001).

Physicians using the order-entry system spent 2.12 minutes (6.2%) longer
per patient writing orders than did control physicians (p = 0.50).

Interventions were associated with 12.7% lower charges per admission (p
= 0.02). The mean length of stay was 0.89 day shorter (p = 0.11). Interns
spent an average of 33 more minutes writing orders (p < 0.0001). Total
hospital costs were 13.1% lower for admitted patients for whom there
were interventions (p = 0.02).

medication errors were observed
with CPOE for all major categories of
medication errors.2 Medication er-
rors were further categorized as
“missed dose” and “nonmissed
dose.” The nonmissed dose medica-
tion error rate per 1000 patient-days
decreased by 81%. The missed-dose
error rate per 1000 patient-days
climbed significantly with the use of
CPOE. Reasons for the increased

missed-dose errors were not docu-
mented; however, the authors indicat-
ed that changes in patient acuity, phar-
macy staffing, and other workflow
changes may have contributed. The
authors suggested that each missed-
dose error resulted in 15 minutes of
extra work for nursing and pharmacy
personnel. The nonintercepted seri-
ous medication error rate per 1000
patient-days also fell significantly.

Of the 11 studies evaluating the
impact of CPOE, 9 took place at two
institutions. Only one study was
identified that evaluated our second
aim, the appropriateness of use of
CPOE, as well as the first aim, impact
on patient outcomes.28 Regarding the
first aim, the study assessed a com-
puterized disease-management pro-
gram that provided patient-specific
information at the time of order en-
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try. The number of ordered antiin-
fective agents decreased, the duration
of therapy was reduced, the cost of
antiinfectives decreased, and the
length of hospital stay was reduced.
Adverse events caused by antiinfec-
tives decreased compared with the
preintervention period.

Appropriate use of CPOE was also
addressed.28 In this CPOE system, the
physician could electively bypass, i.e.,
override, the system. CPOE was
overridden by physicians approxi-
mately half the time. When CPOE
was overridden, the mean number of
prescribed agents increased from 1.5
to 2.7, the duration of therapy in-
creased from 103 to 330 hours, the
mean number of doses increased
from 11.4 to 27.6, the mean cost of
agents increased from $102 to $427,
and the mean length of stay climbed
from 10.0 to 16.7 days.

ADMs. The search resulted in 30
studies. Of these, 23 were excluded
(Appendix B). Seven controlled
studies evaluating primary or sec-
ondary controlled endpoints were

included (Table 2).29-35 Five of these
studies evaluated medication errors
and ADEs, and two assessed second-
ary endpoints. One study identified a
reduction in the number of medica-
tion errors (97/929 [10.4%]) with the
ADM compared with the control
(148/873 [16.9%]) (p < 0.001).30 Fewer
wrong-time errors occurred after
ADM implementation, which ac-
counted for the greatest percentage of
all errors. The rates of other types of
errors were unchanged or decreased
after ADMs were implemented. Other
investigators observed a reduction in
medication errors associated with
ADMs in a cardiovascular surgery unit
but an increase in an intensive care
unit.32 While significance was not re-
ported, the number of reported medi-
cation errors increased by more than
30% in six of the seven nursing units
evaluated. The types of medication er-
rors observed were not reported. Sig-
nificantly fewer missing doses were re-
ported after ADM implementation.

No controlled studies demonstrat-
ing appropriateness of use were found.

Bar coding. The search resulted in
46 studies. Of these, 39 were exclud-
ed (Appendix C). Seven controlled
studies were included that evaluated
primary and secondary endpoints re-
lated to the first aim regarding pa-
tient outcomes (Table 3). Five stud-
ies assessed primary endpoints
(medication errors and ADEs) and
two looked at secondary end-
points.36-42 After bar-code implemen-
tation, the error rate in an ambulato-
ry care pharmacy decreased from
1.0% to 0.2%; stock-ordering times
were also significantly reduced with
the bar-code system.36 Errors in-
creased in the sterile products prepa-
ration area, largely because of mis-
reading by the bar-code device.

Regarding the secondary end-
points, overall, fewer system errors
and more efficient ordering resulted
in a significant time reduction in
workflow from the stockroom to the
sterile products preparation area and
ambulatory care pharmacy.

One study observed a significant
reduction in medication errors asso-

aIn some cases, p values were not reported.
bBaxter ATC-212 dispensing system. A microcomputer controls automated dispensing of unit doses through a pharmacy information system interface.
cPyxis MedStation Rx. An automated, computer-controlled dispensing device provides most medications on nursing units by using a medication profile, while

automatically recording and billing for medications.
dMcLaughlin Dispensing System. A locked medication cabinet electronically programmed by a pharmacy technician allows nurse access to doses at appropriate times.
eBaxter Sure-Med Automated Dispensing System. A point-of-care system that provides dispensing for medication; has centralized order entry.

Table 2.
Controlled Studies of Outcomes with Automated Dispensing Machines (ADMs)

Reference Study Design Resultsa

29

30

31

32

33

34

35

Retrospective, before–after

Prospective, before–after

Prospective, before–after

Prospective, before–after

Prospective, controlled

Prospective, before–after

Prospective, before–after

A dispensing error rate of 0.65% was recorded for doses filled by ADMs,b
compared with 0.84% for those filled manually by technicians.

A 16.9% error rate was recorded during medication administration before
implementation of ADMs,c compared with 10.4% afterward (p < 0.001). Most of
the errors were wrong-time errors.

A significantly lower error rate resulted when filling ADMs (0.61%)c than when
filling traditional unit dose cassettes (0.89%) (p = 0.04).

After ADMsc were implemented, errors during medication administration
decreased on the cardiovascular surgery unit (from 0.0075 error per patient-day
to 0.0058) (p > 0.05) but increased on the cardiovascular intensive care unit
(from 0.0051 to 0.0090) (p > 0.05).

Mean medication error rates were 10.6% with an experimental dispensing
system,d compared with 15.9% with a decentralized unit dose system (p < 0.05).
Most of the errors were wrong-time errors.

Medication-related nurse activities decreased from 20.7% to 18.4% after ADMe

implementation in one unit and increased from 10.8% to 11.0% in another. For
decentralized pharmacists, the percentage of time spent on clinical activities
increased from 36.5% to 49.1% on one unit and from 27.9% to 35.1% on
another.

After ADMc implementation, doses administered as scheduled increased by 18%
(p = 0.0235).
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ciated with bar codes compared with
a keyboard method.38 The mean
data-entry transaction times were
not significantly different. In anoth-
er prospective trial, emergency-
room nurses viewed videotapes of
resuscitations of four trauma pa-
tients, then recorded the actions tak-
en during each resuscitation either
by handwritten entry or by bar-code
entry.40 The mean ± S.D. number of
errors per record with bar codes was
2.63 ± 0.24, compared with 4.48 ±
0.30 for handwritten entry. The total
number of omission errors and inac-
curacy errors decreased, as did the
number of omissions and number of
inaccuracies per record.

No studies demonstrating appro-
priateness of use were found.

CMARs. The search resulted in
eight publications, five of which
consisted of commentaries and let-
ters and two overviews and guide-
lines (Appendix D). One study eval-
uated the impact of CMARs on the
efficiency of medication delivery
and administration, but we were

Table 3.
Controlled Studies of Outcomes with Bar Coding

Reference Study Design Resultsa

36

37

38

39

40

41

42

Prospective, before–after

Prospective, before–after

Prospective, controlled

Prospective, cross-over,
controlled

Prospective, controlled

Prospective, before–after

Prospective, before–after

After implementation of a bar-code stock-ordering system, the error rate in an
ambulatory care pharmacy decreased from 1.0% to 0.2%. The overall time
saving was estimated to be 104 technician hours.

Four months after implementation of a bar-code inventory system for issuing
medical supplies to nursing units, the mean time needed to take an order
increased to 4.48 minutes from 4.14 minutes (p < 0.01), the time needed to
enter an order decreased to 1.36 minutes from 7.10 minutes (p < 0.01), and the
accuracy of the inventory improved (p < 0.001).

Mean data-entry time for an existing automated controlled-substances inventory
system was not significantly faster with bar-code data entry than with keyboard
entry (p > 0.05), but mean percent entry error was significantly lower with the
bar-code method (0.79% versus 1.53%) (p = 0.0167).

The data-entry error rate with a bar-code system for documenting pharmacists’
clinical interventions was 1.7%, compared with 5.8% for a manual system. The
bar-code system was associated with an increased cost of $35.85 per
pharmacist per year. The time per intervention using bar codes was
significantly shorter (p < 0.01).

The mean ± S.D. total number of errors per record with computerized bar-code
data entry was 2.63 ± 0.24, compared with 4.48 ± 0.30 for manual entry (p <
0.0001) during resuscitation in cases of trauma. The mean number of omissions
per record and inaccuracies per record were less with bar-code entry (p =
0.0001 and p = 0.0038, respectively).

A time saving of 1.52 seconds per dose occurred with bar-code dispensing in an
inpatient drug distribution system.

Patient accountability for charges for large-volume plain intravenous solutions in
two nursing units improved 19% when using bar-code technology.

aIn some cases, p values were not reported.

unable to obtain the publication for
review.43

The definitions of ADEs and med-
ication errors used in the included
studies are listed in Table 4.

Discussion
While a number of new technolo-

gies have been recommended in an
effort to reduce medical errors and
ADEs, we found few studies that con-
firmed such an association.

Originally described in 1970, CPOE
has been promoted as a technology
that improves the quality of a medical
information management system.44

CPOE is said to provide process im-
provement; increased accuracy and
legibility of the order; support of
institution-specific recommenda-
tions; integration of clinical decision
support into the order-entry process;
optimization of physician, nurse,
and pharmacist time; drug allergy
checks; and identification of drug in-
teractions and incorrect dosages. De-
tailed reviews of these benefits have
been published.27,45 CPOE specifically

has been cited as one of the most
effective measures for reducing med-
ication errors.46 It has been estimated
that CPOE implementation at all
nonrural hospitals in the United
States could prevent over 500,000 se-
rious medication errors each year.47

While some medical centers have
successfully implemented CPOE sys-
tems (e.g., Brigham Integrated Com-
puting System at Brigham and
Women’s Hospital, Boston, MA;
Technicon Data System at New York
University Medical Center and the
University of Virginia Health Sys-
tem; Regenstrief Medical Center, In-
dianapolis, IN; HELP Clinical Infor-
mation Management System at LDS
Hospital, Salt Lake City, UT; and the
Veterans Affairs Health System),
most institutions have not. Studies
have provided a wide range of esti-
mates regarding the extent to which
CPOE is currently used. One survey
published in 1998 revealed that two
thirds of all hospitals did not have
CPOE in place.48 Furthermore, phy-
sicians generally were not mandated
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to use the system at those institutions
utilizing CPOE. At only 20% of hos-
pitals were >50% of physicians using
CPOE. Another survey found that
less than 7% of surveyed hospitals
used CPOE.49 However, a survey of
pharmacy directors determined that
13% of hospitals used CPOE, with
27% being in the process of obtain-
ing such a system.50 Of 241 hospitals
responding to a survey published in
2002, only 3.3% were using CPOE.51

Our results confirm our belief that
very few controlled studies have eval-
uated the impact of CPOE on patient
outcomes. Even fewer have assessed
the appropriateness of use of CPOE.
The low rate of utilization of CPOE
may be due to a number of factors,

 Table 4.
 Definitions of Adverse Drug Events (ADEs) and Medication Errors in Included Studies

Reference ADEs Medication Errors

Computerized Physician Order Entry
2

20

22
28
21
19
23
24
25
26
27

Automated Dispensing Machines
30

32
31
35
33

34
20

Bar Coding
36
41
38
42
37
40
39

Potential ADEs defined as errors with the
potential for harm that did not result in
injury.

Preventable ADEs defined as those
resulting from an error or having been
preventable by any means currently
available. Potential ADEs defined as in
ref. 2.

No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.

No specified definition.

No specified definition.
No specified definition.
No specified definition.
An instance of failure of the medication

system (as measured by its outcome).

No specified definition.
No specified definition.

No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.

Errors in ordering, dispensing, or administering a
medication, regardless of whether an injury
occurred or whether the potential for injury was
present

No specified definition.

No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.
No specified definition.

A deviation from the physician’s medication order
as written in the patient’s chart.

No specified definition.
No specified definition.
No specified definition.
A dose of medication that deviates from the

physician’s medication order on the patient’s
chart.

No specified definition.
Errors classified into five categories.

Several specific types of errors noted.
No specified definition.
Several specific potential errors noted.
No specifieddefinition.
No specified definition.
Errors of omission, commission, or inaccuracies.
No specified definition.

Definition

including the cost of implementation
(in 1992 at Brigham and Women’s
Hospital, approximately $1.9 million
for development and $500,000 for
maintenance per year50; commercial
systems may cost significantly more).
In addition, institutional cultural
barriers52,53 and logistical challenges,
such as training users, installing and
upgrading equipment, and imple-
mentation, all likely contribute to
slow transition to CPOE.27,45,53

All studies we included in this re-
view evaluated CPOE systems that
were developed internally, as op-
posed to those available commercial-
ly. The transferability of these sys-
tems from one institution to another
has not been well studied. Some

studies of CPOE28 and ADMs18 sug-
gest that these technologies may not
be used as intended. The widespread
overrides of ADMs and CPOEs sug-
gest that inappropriate use may af-
fect patient safety.

ADMs have replaced the tradi-
tional unit dose cassette system in
many institutions. ADMs allow med-
ications to be stored on nursing units
and be retrieved quickly and conve-
niently. The unit dose system has
been criticized for delays in delivery
of first doses for new orders, for pro-
viding more doses than necessary,
and other problems.31 ADMs, in con-
trast, are touted for dispensing only
to a specific patient (as per the pa-
tient medication profile), improving
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medication availability, increasing
the efficiency of drug dispensing and
billing, and increasing time for pa-
tient care. Additionally, if linked with
point-of-care bar-coding and infor-
mation systems, ADMs have been
proposed to decrease medication er-
rors by ensuring an electronic match
between the physician-ordered med-
ication and the corresponding ad-
ministered medication.13

In our review, five studies ob-
served a decrease in medication er-
rors associated with ADMs. Howev-
er, considerable interuser variability
in the reduction of medication errors
has been documented.33 Further-
more, while the observed differences
in medication errors between unit
dose and automated systems are sta-
tistically significant, they often are of
low magnitude. Whether nursing
overrides should be permitted re-
mains controversial. Cost is an addi-
tional consideration in the imple-
mentation of ADMs. In 1995, the
cost of implementation was estimat-
ed to be $1.28 million over five years
for 10 acute care and 4 critical care
units.54 A 1999 pharmacy practice
survey indicated that only 38% of re-
sponding hospitals used ADMs.49

Bar coding has the potential to
improve patient safety from a num-
ber of perspectives, ranging from ac-
curate patient identification to cor-
rect medication use and improved
medical record keeping.55 The tech-
nology can ensure that the appropri-
ate drug is being dispensed and ad-
ministered and accurately records
when the drug is received and ad-
ministered by the nurse.

It has been suggested that bar cod-
ing be implemented for medications,
blood products, devices, and pa-
tients.14 For example, by using a
wireless device, bar codes can be
scanned on a nurse identification
badge, a patient’s wristband, and the
medication itself to confirm the cor-
rect patient, medication, and admin-
istration.16 This technology is prom-
ising and may be an improvement

over conventional wristbands, for
which error rates as high as 5.5%
have been reported.56

Bar coding has also been success-
fully integrated into specimen-
handling procedures in laborato-
ries.57 Orders can be automatically
sent to analyzers, where they can be
appropriately processed without ad-
ditional sorting and labeling of sam-
ples. Bar coding has been proposed
for areas ranging from the microbi-
ology laboratory to the emergency
department.40

Bar coding reduces error rates in
industrial manufacturing, identifica-
tion, inventory tracking, and ship-
ping. However, pharmaceutical
manufacturers have not agreed on a
standard approach to the implemen-
tation of bar coding, delaying wide-
spread implementation.13 Addition-
ally, bar coding may require changes
in packaging, as well as additional
computer programming for unusual
doses. Consequently, potential in-
creases in costs associated with re-
packaging and relabeling in the phar-
macy must be considered.

While bar coding experimentally
improves both the speed and accura-
cy of data entry, few other “real-life”
data are available to clarify its role. In
particular, studies evaluating point-
of-care systems that verify patient
and drug information were not
found. Meyer et al.41 estimated im-
plementation costs at $119,516 an-
nually (in 1991 dollars), with the per
dose cost of bar-code labeling esti-
mated at $0.0273. Few studies have
examined the application and out-
comes associated with bar coding in
the hospital. Further evaluation is
warranted.

CMARs potentially allow integra-
tion of drug purchasing, distribu-
tion, and patient information into a
comprehensive database. Potential
benefits include consistency in medi-
cation documentation, clear records
of administration, consistency of di-
rections, and precise dosage infor-
mation.58 A computerized system

also potentially improves productivi-
ty through printouts of fill lists, la-
bels, and utilization reports and by
allowing pharmacists and nurses to
focus on patient care.

CMARs may result in unexpected
increases in personnel time, multiple
entries for a medication order to ap-
pear correctly on the MAR, and dif-
ferent interpretations of orders by
pharmacists and nurses.59 These possi-
ble lapses in appropriate use have not
been examined. No studies confirm
that CMARs improve patient out-
comes through the reduction of errors
or improvements in work processes.

Despite strong recommendations
to adopt new technologies to reduce
medication errors and ADEs, few
studies confirm such benefits. Fur-
thermore, very few investigations
have evaluated the appropriateness
of use of such technologies. Reasons
for the lack of widespread use may
include the difficulty of transferabili-
ty of the technology, human and or-
ganizational factors, and logistical
challenges. Costs associated with the
development and maintenance of
new technologies potentially range
into the millions of dollars per year.
Before a new technology can be rec-
ommended for broad use, the tech-
nology should be demonstrated to
result in a reduction in medication
errors and ADEs and have been eval-
uated for appropriateness of use.
Furthermore, these findings should
be demonstrated in a variety of set-
tings in order to confirm the extent
to which they are transferable to
multiple institutions. Our results
suggest that only a few studies have
examined the impact of these tech-
nologies on patient outcomes. Those
that have been conducted have been
concentrated in a few institutions.
When appropriateness of use has
been evaluated, substantial devia-
tions by staff from intended proce-
dures have been identified.

Automated devices and systems
have demonstrated the potential to
perform parts of the medication-use
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process in a more standardized and
reliable manner and with less error
than with manual systems. These
findings are welcome, considering
the complexity of the medical care
system, the confirmed harm due to
preventable medication errors, and
the failure of punitive measures to
alter human behaviors that result in
errors. However, organizational and
human factors cannot be entirely
eliminated from patient care. Tech-
nologies are only as successful as they
are usable, and no battery of technol-
ogies is likely to compensate entirely
for cumbersome workflow and hu-
man stress and fatigue. Understand-
ing the bridge between effectiveness
in controlled circumstances and effi-
cacy in the real world in which tech-
nologies are applied will be critical to
optimizing benefits to patients, pro-
viders, and the health care system.

Conclusion
A literature review revealed a pauci-

ty of controlled, generalizable studies
confirming the benefits of technolo-
gies intended to reduce medication er-
rors and ADEs. Very little or no evi-
dence on the appropriateness of the
use of each technology was found.

“/*” refers to major MeSH subheadings,
“*” in middle or end of word refers to a trun-
cated search term (i.e., a wildcard that allows
searches for any combination that begins with
those characters), and “/” refers to a MeSH
subheading.
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