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Context.— Adverse drug events (ADES) are a significant and costly cause of in-
jury during hospitalization.

Objectives.— To evaluate the efficacy of 2 interventions for preventing noninter-
cepted serious medication errors, defined as those that either resulted in or had
potential to result in an ADE and were not intercepted before reaching the patient.

Design.— Before-after comparison between phase 1 (baseline) and phase 2
(after intervention was implemented) and, within phase 2, a randomized compari-
son between physican computer order entry (POE) and the combination of POE
plus a team intervention.

Setting.— Large tertiary care hospital.

Participants.— For the comparison of phase 1 and 2, all patients admitted to a
stratified random sample of 6 medical and surgical units in a tertiary care hospital
over a 6-month period, and for the randomized comparison during phase 2, all pa-
tients admitted to the same units and 2 randomly selected additional units over a
subsequent 9-month period.

Interventions.— A physician computer order entry system (POE) for all units and
a team-based intervention that included changing the role of pharmacists, imple-
mented for half the units.

Main Outcome Measure.— Nonintercepted serious medication errors.

Results.— Comparing identical units between phases 1 and 2, nonintercepted
serious medication errors decreased 55%, from 10.7 events per 1000 patient-days
to 4.86 events per 1000 (P=.01). The decline occurred for all stages of the
medication-use process. Preventable ADEs declined 17% from 4.69t0 3.88 (P=.37),
while nonintercepted potential ADEs declined 84% from 5.99 to 0.98 per 1000
patient-days (P=.002). When POE-only was compared with the POE plus team in-
tervention combined, the teamintervention conferred no additonal benefit over POE.

Conclusions.— Physician computer order entry decreased the rate of noninter-
cepted serious medication errors by more than half, although this decrease was

larger for potential ADEs than for errors that actually resulted in an ADE.
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HOSPITALS, health care delivery sys-
tems, and health care providers all aim to
provide the safest care possible. How-
ever, many injuries occur during hospi-
talization. Estimates have suggested that
1.3 million injuries may occurin the United
States annually.! Although many hospi-
talinjuries are unpredictable and unavoid-
able, 20% to 70% may be preventable.*

Adverse drug events (ADEs) are an
important source of injuries. In the Har-
vard Medical Practice Study,® ADEs ac-
counted for 19% of injuries in hospitalized

patients and represented the single most
common cause of injury. In addition to
their human costs, ADEs are costly to
health care systems. Nationally, ADEs
occurring after hospitalization have been
projected to cost hospitals $2 billion per
year, not including malpractice costs or
the costs of injuries to patients.®” Hospi-
talizations initiated by ADEs appear to
be at least as expensive.®

See also pp 1317, 1339, and 1360.

These data suggest that health care
organizations should be working hard to
prevent ADESs, and indeed a number of
efforts to curb them have begun re-
cently. However, enthusiasm for these
efforts has been hampered by a lack of
data proving that specific strategies can
prevent ADEs.

Accordingly, we conducted an ADE
prevention study, not only to evaluate
the frequency and types of ADEs® but
also to analyze the associated errors us-
ing a multidisciplinary, systems-ori-
ented approach to understand their
causes. !

We evaluated 2 interventions, the first
targeting primarily the ordering stage
and the second targeting the administra-
tion and dispensing stages. The first in-
tervention was a physician computer or-
der-entry (POE) system, in which physi-
cians wrote all orders online. The second
intervention was a “team” intervention,
comprising several small interventions
developed by teams of nurses, physicians,
and pharmacists. This intervention pri-
marily targeted the administration and
dispensing of drugs. Our primary end
point was to reduce the number of pre-
ventable ADEs and nonintercepted po-
tential ADEs, the combination of which
we refer to as nonintercepted serious
medication errors. As secondary end
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Phase 1 Intervention Phase 2
MICU - - -=----~ ROEXTeam > micu
SICU --------- O e > sicu
Med Gen ------ POExTeam ___. » Med Gen
Med Gen ------ POE » Med Gen
Surg Gen------ POExTeam ___. » Surg Gen
Surg Gen------ POE > Surg Gen
POE+Team oo
POE » Surg Gen

Study design for phases 1 and 2. In phase 1, base-
line measures of adverse events were made in each
of the 6 study units (1 medical intensive care unit
[MICU], 1 surgical intensive care unit [SICU], 2 gen-
eral medical units [Med Gen], and 2 general surgi-
cal units [Surg Gen]). In the second phase, 2 units
were added to the original 6 to improve the power
of the comparison. Then, the units were matched
by type and were randomly assigned to 1 of 2 in-
terventions (physician computer order entry [POE]
or POE plus the team intervention [POE+team]. Two
main analyses were conducted to determine whether
phase 2 affected rates of adverse drug events. First,
a before-after analysis was made to determine the
effect of the interventions on the 6 study units that
were included in phase 1. Second, adverse drug
event rates in the 4 units with the POE intervention
were compared with adverse drug event rates in
the 4 units with the POE plus team interventions.

points, we evaluated the numbers of
types of events that we expected each
intervention to target, for example, drug
allergies for the POE intervention.

METHODS
Patient Population

All adults admitted to study units at
Brigham and Women’s Hospital, Boston,
Mass, a 726-bed tertiary care hospital,
during the study periods were included.
Phase 1, collection of baseline data for the
units, took place over a 6-month period
from February through July 1993,° while
phase 2, the intervention phase, was con-
ducted over a 9-month period between
October 1994 and July 1995. Although the
original study was conducted at 2 hospi-
tals, only Brigham and Women’s data are
included herein because staff changes and
administrative changes at Massachusetts
General Hospital, Boston, resulted in in-
adequate data collection. This study was
approved by the institutional review
boards of Brigham and Women’s Hospi-
tal and the Harvard School of Public
Health, Boston.

In phase 1, conducted prior to the
implementation of POE, there were 23
adult, nonobstetrical units at Brigham
and Women’s Hospital. These units were
stratified according to whether they
were medical or surgical and whether
they were intensive care or general care
units. Six study units were selected ran-
domly from all units within a stratum
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using a random number generator. The
study units included 2 intensive care
units (ICUs) (1 surgical and 1 medical)
and 4 general care units (2 medical and 2
surgical). We implemented the 2 inter-
ventions (POE or POE plus team) in
these same units for phase 2 and, in ad-
dition, implemented the intervention in
2 other randomly selected general care
units (1 medical and 1 surgical) to in-
crease power. Thus, for phase 2, all units
received POE, while half the units (ran-
domly selected within stratum by unit
type and level of care) received the team
intervention as well (Figure).

Interventions

The 2 interventions evaluated were
POE and POE plus team. Two main com-
parisons were made. The first assessed
the effectiveness of the interventions by
comparing phase 1 and phase 2 for the
units assessed in both phases. The second
compared the effect of the teaminterven-
tion with POE vs POE-only by compar-
ing units randomized to either arm.

The POE intervention represented a
major systems change and included many
features that would be expected to re-
duce errors. As part of the POE applica-
tion, physicians were provided with a
menu of medications from the formulary
and default doses and a range of potential
doses for each medication. Physicians
wererequired to enter dosage, route, and
frequency for all orders. Also, computer-
ization ensured that all orders were leg-
ible, including the signatures of the pre-
scribers. Transcription was greatly re-
duced, although not eliminated, because
the medication administration record
was still on paper. For a number of medi-
cations, relevant laboratory results were
displayed on the screen at the time of or-
dering (eg, potassium levels when furo-
semide was ordered). Other features in-
cluded consequent orders, which are or-
ders that should follow from other orders
(eg, suggestions to perform aminoglyco-
side levels when aminoglycosides were
ordered), and limited drug-allergy check-
ing, drug-drug interaction checking, and
drug-laboratory checking. This included
checking for the most frequent drug
allergies, about 80 of the most serious
drug-drug interactions,’* and several
drug-laboratory combinations (eg, potas-
sium levels in patients receiving potas-
sium). More comprehensive checking was
implemented in 1996. Thus, not all fea-
tures that could reduce the number of
ADEs were in place or present in mature
form during the study.

The POE application'*? functions as
part of an internally developed informa-
tion system, Brigham Integrated Com-
puting System, which manages the hos-
pital’s administrative, financial, and

clinical data.'® All orders are written us-
ing this application, primarily by house
officers, although fellows and attending
physicians also write orders. Approxi-
mately 16 000 orders are written daily,
40% of them for medications.

The team intervention was a combi-
nation of several specific process
changes and wasimplemented in halfthe
study units selected at random. These
process changes included changing the
role ofthe pharmacist; distributing arec-
ommended dilutions chart; making avail-
able a computerized drip-rate calcula-
tion program; standardizing labeling of
intravenous bags, tubes, and pumps; and
implementing a pharmacy communica-
tion log so that the nursing staff could
communicate better with the pharmacy
staff. Changing the role of the pharma-
cists involved changing their work flow
so that the pharmacists were much more
often present on the unit and available
for questions. The pharmacists made
daily rounds with the team in the study
ICU but not in the control ICU.

Primary and Secondary End Points

Our primary end point was the number
of nonintercepted serious medication er-
rors (preventable and nonintercepted po-
tential ADEs). We define preventable
ADEs as those resulting from an error or
having been preventable by any means
currently available.’ Potential ADEs are
errors that have potential for harm but do
not result in injury. These include errors
that are intercepted before injury occurs
and nonintercepted potential ADEs,
which are errors that by chance resulted
in no injury (eg, penicillin given to a pa-
tient with a known allergy, but no reac-
tion occurred).’ We excluded intercepted
potential ADEs from our primary out-
come because these errors serve to dem-
onstrate that the “safety net” is working,
and this rate could actually increase as er-
ror-prevention systems are fine-tuned.

As secondary outcomes, we evaluated
the numbers of errors in each stage and
also within specific categories that were
targeted by each intervention. For the
POE plus team intervention, the main
stages targeted were ordering and tran-
scription. For the team intervention, the
main stages were the administration and
dispensing of drugs. However, we ex-
pected some crossover, ie, that ordering
errors would also be diminished by cer-
tainteaminterventions (eg, availability of
the pharmacist on physician rounds) and
that the administration error rate would
be decreased by POE because orders
would be clearer. Specific categories of er-
rors targeted by POE included wrong
dose, known drug allergy, and drug-drug
interactions. Specific categories targeted
by the team intervention included errors
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in concentration of intravenous solutions,
in calculation, and in labeling of intrave-
nous tubing, pumps, and bags.

Case Finding

We used the following 3 mechanisms
for identifying incidents: (1) nurses and
pharmacists participating in the study
and control units were asked to report in-
cidents to study investigators; (2) a study
investigator visited each unit at least
twice daily on weekdays and solicited in-
formation from nurses, pharmacists, and
clerical personnel concerning all actual or
potential drug-related incidents; and (3)
the study investigator reviewed charts of
all patients at least daily on weekdays.

All incidents were evaluated as previ-
ously described’ by 2 physician reviewers
blinded to the intervention groups. The
reviewers classified each incident as an
ADE, a potential ADE, or an exclusion.
The ADESs and potential ADEs were fur-
ther classified by severity and by prevent-
ability. If an error was present, the re-
viewer determined the type of error and
at what stage the error occurred. Catego-
ries of preventability were defined as be-
ing definitely preventable, probably pre-
ventable, probably not preventable, and
definitely not preventable.'” Results were
collapsed into preventable (definitely +
probably) and not preventable (probably
not + definitely not) in the analyses. Cat-
egories of severity were defined as fatal,
life-threatening, serious, and significant.'
The stages of the process were ordering,
transeribing, dispensing, and administer-
ingthe medications. When there were dis-
agreements about how an event should be
classified (eg, 1 reviewer scored it as pre-
ventable, but the other did not), the re-
viewers met and reached consensus. If
consensus could not be reached, a third
reviewer evaluated the incident. Reliabil-
ity for these judgments has previously
been reported.” For judgments about
whether an incident was an ADE, k was
0.81t0 0.98; for preventability, k was 0.92;
and for severity k was 0.32 to 0.37.

Analysis

For the before-after analysis, paired ¢
tests were used to compare baseline data
(phase 1) from the 6 study units with data
after the interventions were imple-
mented in the same units (Figure). To
compare the effects of the 2interventions
(POE vs POE plus team), we performed
2 additional analyses. First, to evaluate
the effect of the team intervention, we
compared all phase 2 data for POE plus
team with POE-only units, using a mul-
tivariate regression model that included
level of care (ICU vs general care) and
service (medical vs surgical). Second, to
compare POE vs no POE, we analyzed
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Table 1.—Patient Characteristics®

Phase 2 Interventions

Phase 1 [ 1
(Baseline) Overall POE Only POE + Team
No. of admissions 2491 4220 2047 2173
No. of patient-days 12218 24539 11235 13304
Age, mean (+SD) y 52.5 (18.6) 53.2 (18.0) 55.3 (18.1) 51.2 (17.7)
% Female 50.9 54.3 51.4 57.1
% White 75.6 71.6 69.4 73.7

*POE indicates physician computer order entry.

Table 2.—Paired Comparison of Rates of Nonintercepted Serious Medication Errors, Adverse Drug Events
(ADEs), and Potential ADEs Before (Phase 1) and After (Phase 2) Interventions Were Implemented*

Phase 1 Rate Phase 2 Rate

(Events/1000 (Events/1000

Patient-Days, Mean) Patient-Days, Mean) % Difference P

Nonintercepted serious medication errorst 10.7 4.86 -55 .01

Preventable ADEs 4.69 3.88 -17 .37
Nonintercepted potential ADEs 5.99 0.98 -84 .002

All ADEs 16.0 15.2 -5 77

Nonpreventable ADEs 11.3 11.3 0 .99

All potential ADEs 11.7 3.38 =71 .02

Intercepted potential ADEs 5.67 2.40 -58 .15

*Paired comparison between phase 1 and 2 made using t test, including only the 6 units in both phases.

1TSum of nonintercepted potential ADEs and preventable ADEs.

Table 3.—Numbers and Rates of Nonintercepted Serious Medication Errors and Adverse Drug Events
(ADEs) Before (Phase 1) and After (Phase 2) Interventions Were Implemented*

Phase 2
Medication Errors and ADEs [ 1
(Rate/1000 Patient-Days) Phase 1 Overall Pt POE Only POE + Team Pt
No. of nonintercepted serious 127 (10.4) 134 (5.46) <.001 54 (4.81) 80 (6.01) .49
medication errors§
No. of nonintercepted potential ADEs 72 (5.89) 32(1.30) <.001 13 (1.16) 19 (1.43) .94
No. of preventable ADEs 55(4.50) 102 (4.16) .26 41 (3.65) 61 (4.59) .39

*POE indicates physician computer order entry.

TUnpaired comparison between phase 1 and 2, controlling for level of care and service, using a generalized
estimating approach to control for correlation between phase 1 and 2 rates. The rates, calculated using this approach,

are thus similar but not identical to those from Table 2.

FUnpaired comparison between POE + team and POE only units in phase 2, controlling for level of care and

service.

§Sum of nonintercepted potential ADEs and preventable ADEs.

data from both phases when available
from all 8 units, adjusting for level of care
and service status with a multivariate
regression model. All 8 units in phase 2
received the POE intervention, 4 also re-
ceived the team intervention, and the 6
phase 1 units were controls in this analy-
sis. To account for correlation between
phase 1 and phase 2 results for specific
units, we used a generalized estimating
approach to estimate SEs of the regres-
sion coefficients. Because the error rate
climbed substantially with sedatives in
phase 2, which could have obscured an
effect by stage, we performed a second-
ary post hoc analysis removing all seda-
tive errors and determining how this
would affect the results by stage. All
analyses were performed using SAS
(SAS Institute Ine, Cary, NC)."”

RESULTS

Phase 1 included 2491 admissions to 6
units over a 6-month period. Phase 2 in-
cluded 4220 admissions to 8 units over a

9-month period (Table 1). Phase 2 pa-
tients were older, more often female, and
more often minority, although these dif-
ferences were small.

In paired analyses comparing phase 1
and phase 2 (Table 2), the rate of nonin-
tercepted serious medication errors fell
55%, from 10.7 events per 1000 patient-
daysto4.86 events (P=.01). The prevent-
able ADE rate was 17% lower in phase 2,
although this result did not achieve sta-
tistical significance (P=.37). The rate of
nonintercepted potential ADEs fell 84%
(P=.002), and the rate of intercepted po-
tential ADEsdecreased 58% between the
2phases, although this result was not sta-
tistically significant (P=.15). The rate of
nonpreventable ADEs wasunchanged at
11.3 events per 1000 patient-days in both
phase 1and phase 2. Inunpaired analyses
comparing phases 1 and 2 (Table 3), the
results were generally similar. When the
team intervention was controlled for in
the analysis, the results did not change
(results available on request). Contem-
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poraneous analyses comparing phase 2
POE plus team intervention with POE-
only units showed no significant differ-
ences for any of the event types.

The results by severity show that de-
creases were seen across all levels of
severity for nonintercepted serious medi-
cation errors (Table 4), and that the pro-
portions of errors considered life-threat-
ening, serious, and significant remained
relatively constant across the 2 phases.
However, for preventable ADEs, while
the proportion that were life-threatening
remained similar, the proportion of
ADEs that were classified as serious was
higher in phase 2 than in phase 1 (47% vs
22%), and the rate of serious preventable
ADEs was about twice as high (1.96
events vs 0.98 events per 1000 patient-
days). Of these serious ADEs, 16 (33%) of
48 were due to sedatives.

Results by Stage

When the results were evaluated by
steps in the process from ordering to ad-
ministering, the rate of ordering errors
decreased 19% overall (P=.03, Table 5).
The number of transcription errors fell by
84% (P<.001). Therates of dispensing and

administration errors also fell between
phases 1and 2,68% and 59%, respectively.
Contemporaneous within-stage compari-
sons showed no significant differences be-
tween the POE plus team intervention
units and the POE-only units.

Results by Error and Drug Type

Analyses of errors expected to be re-
duced by the POE intervention (Table 6)
showed that dose errors decreased 23%
(P=.02) and known allergy errors fell
56% (P=.009). Although drug-drug in-
teraction errors fell 40%, this result did
not reach statistical significance (P=.89).

Analysis by drug group revealed that
nonintercepted serious medication error
rates fell for all classes except for seda-
tives, which increased 99% (Table 7).
Most of these errorsinvolved use of large
doses and multiple sedating agents, par-
ticularly in the ICUs. Neither interven-
tion had specifically addressed these is-
sues during the study period.

Analysis of Errors Not Prevented

Overall, 134 serious medication errors
were not prevented in phase 2. To under-
stand the reasons that some of these were

Table 4.—Severity of Nonintercepted Serious Medication Errors and Adverse Drug Events (ADEs) Before
(Phase 1) and After (Phase 2) Interventions Were Implemented*
]

Phase 1 Phase 2
I No. Rate/1000 I Rate/1000
(%) Patient-Days No. (%) Patient-Days
Nonintercepted serious medication errors 127 104 134 5.46
Life threatening 18 (14) 1.47 17 (13) 0.69
Serious 41 (32) 3.36 65 (49) 2.65
Significant 68 (54) 5.57 52 (39) 2.12
Nonintercepted potential ADEs 72 5.89 32 1.30
Life threatening 10 (14) 0.82 1(3) 0.04
Serious 29 (40) 2.37 17 (53) 0.69
Significant 33 (46) 2.70 14 (44) 0.6
Preventable ADEs 55 4.50 102 4.16
Life threatening 8 (15) 0.65 16 (16) 0.65
Serious 12 (22) 0.98 48 (47) 1.96
Significant 35 (64) 2.86 38 (37) 1.55
Nonpreventable ADEs 137 11.2 318 13.0
Life threatening 13 (9)t 1.07 17 (5) 0.69
Serious 29 (21) 2.37 71 (22) 2.89
Significant 95 (69) 7.78 230 (72) 9.37

*Unpaired comparison controlling for level of care and service, using a generalized estimating approach to control
for correlation between phase 1 and 2 rates. Percentages may not add to 100 because of rounding. Phase 2 data

include both POE and POE plus team.

tThree of these events were fatal. There were no fatal ADEs in phase 2, and none of the preventable ADEs were

fatal in either phase.

missed, specifically for categories that we
expected to be virtually eliminated (such
as allergy errors), we evaluated these er-
rors by stage. Analysis of the 81 ordering
errors that were not prevented in phase
2 revealed that 34 appeared to be poten-
tially preventable through one of a num-
ber of systems changes that have been
subsequently developed or that are being
developed, another 12 should have been
prevented by systems already in place,
and 35 did not appear to be amenable to
an automated approach.

Among the 34 errors potentially pre-
ventable through new approaches, the
strategies that would yield the best re-
sults appear to be from a program cur-
rently being tested that adjusts doses for
renal failure (7 events), adjusts doses for
age (7 events), offers additional drug-
laboratory checking capabilities (5 events),
includes a dose-checking program (4
events), and makes additional sugges-
tions about prophylaxis for specific medi-
cations (4 events).

However, 12 events occurred in areas
we expected the current systems would
have addressed effectively. Seven of these
were allergy errors, 4 were drug-drug in-
teractions, and 1 was an error in electro-
lyte replacement. Further investigation
showed, in most instances, that clinicians
often failed to enter allergy information
into the computer regularly when pa-
tients had had allergic reactions during
hospitalization, and the medications were
ordered again for the patients. Of the 114
new reactions that occurred during the
study, we found that allergy information
was entered into the computer in only 18
cases (16%). Sensitivities were entered less
often than true allergies.

Among 35 ordering errors not pre-
ventable by an automated approach,
oversedation due to multiple sedating
drugsaccounted for 19 errors. This prob-
lem was much more common in phase 2
than in phase 1.

All 5 of the transcription errors in
phase 2 potentially could have been pre-
vented by placing medication adminis-
tration information online. Of the 7 dis-
pensing errors, 3 might have been pre-
vented had a bar code been used, and 3
might have been prevented had auto-
mated delivery devices been used.

Table 5.—Frequency of Nonintercepted Serious Medication Errors, by Stage of Ordering, Before (Phase 1) and After (Phase 2) Interventions Were Implemented

Phase 2
Stages of Ordering [ 1
(Rate/1000 Patient-Days) Phase 1 Overall % Difference * pP* POE Onlyt POE + Team % Differencet Pt
No. ordered 50 (4.1) 81 (3.3) -19 .03 29 (2.6) 52 (3.9) 51 17
No. of transcriptions 16 (1.3) 5(0.20) -84 <.001 3(0.27) 2(0.15) —-44 .40
No. dispensed 11 (0.90) 7 (0.29) -68 .001 2(0.18) 5(0.38) 111 75
No. administered 50 (4.1) 41 (1.7) -59 <.001 20 (1.8) 21 (1.6) -11 .59

*Unpaired comparison between phase 1 and 2, controlling for level of care and service, using generalized estimating approach to control for correlation between the 2 phases.
POE indicates physician computer order entry.
tUnpaired comparison between POE + team and POE-only units in phase 2, controlling for level of care and service.
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We also classified the 41 administra-
tion errors into those that could have
been prevented by automation (n=15)
and those that were not obviously ame-
nable to an automated approach—judg-
ment-related and technique-related er-
rors (n=26). Automated approaches that
would address the greatest number of
problems identified were implementing
automated delivery devices with a bar
code (n=8) and placing all medication ad-
ministration information online (n=5).

COMMENT

Wefoundthat using a POE system pre-
vented more than halfof the serious medi-
cation errors. We noted areduction in er-
rors for all stages of the process. These
results suggest thatimplementing evena
modest POE system can result in impor-
tant error reduction, if the system in-
cludes a dose selection menu, simple
drug-allergy and drug-drug checking,
and the requirement that clinicians indi-
cate the route and frequency of drug
doses. Furthermore, a computer system
resolves the difficulty of translating illeg-
ible orders and greatly reduces the need
for transcription.

However, potential ADEs were pre-
vented out of proportion to those that ac-
tually resulted in an ADE. While we had
not expected the decreaseinthe prevent-
able ADE rate toreach statistical signifi-
cance, we did hope that these events
would be decreased in proportion to the
potential ADEs. That this did not occur
suggests that errors that actually cause
injuries may be different, and examina-
tion of the individual events bears this
out. In particular, 42% of the preventable
ADESs that persisted in phase 2 were due
to judgment errors associated with the
use of multiple sedating drugs. The com-
puter program did not address this issue.

Othershave evaluated POE systems®
and the use of computerized information
inreducing the frequency of ADEs?! and
improving care.?? Tierney et al*® found
that implementation of a POE system on
amedical service resulted in areduction
in the average length-of-stay days
by 0.89 days and a 12.7% reduction
in charges. Evans et al® found that
implementation of computerized ADE
surveillance, coupled with alerts to
pharmacists about drug allergies, stan-
dardization of antibiotic administration
rates, and physician notification about
ADESs, reduced ADE rates. In another
study, Evans et al?2 found that in a com-
puter-assisted management program
for antibiotics substantially decreased
costs and improved quality of care in an
ICU, by reducing the number of times
patients experienced an allergicreaction
todrugs and improving the appropriate-
ness of drug dosing.
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Table 6.—Specific Types of Nonintercepted Serious Medication Errors and Frequencies, by Error Type

Medication Error (Rate/1000 Patient-Days) Phase 1 Phase 2 % Difference  * pP*
No. of wrong doses 24 (1.96) 37 (1.51) -23 .02
No. of wrong choices 17 (1.39) 19 (0.77) -44 .07
No. of wrong techniques 12 (0.98) 6 (0.24) -75 <.001
No. of delays 11 (0.90) 5 (0.20) =77 .01
No. of known allergies 8 (0.65) 7 (0.29) -56 .009
No. of missed doses 7 (0.57) 3(0.12) =79 07
No. of wrong drugs 6 (0.49) 1 (0.04) -92 05
No. of drug-drug interactions 5 (0.41) 6 (0.24) -40 89
No. of wrong frequencies 4 (0.33) 8(0.33) 0 .93
No. of wrong routes 2 (0.16) 1(0.04) =75 21
No. of failures to act on monitoring 2 (0.16) 7 (0.29) 74 .21
No. of others 29 (2.37) 34 (1.38) -43 05

*Unpaired comparison between phase 1 and 2 (before and after intervention was implemented, respectively),
controlling for level of care and service, using generalized estimating approaches to control for correlation between

the 2 phases.

Table 7.—Nonintercepted Serious Medication Error Rates, by Drug Class

Drug Class (Rate/1000 Patient-Days) Phase 1 Phase 2 % Difference pP*
No. with analgesics 25 (2.05) 28 (1.14) -44 .01
No. with antibiotics 21 (1.72) 21 (0.86) -50 .04
No. with sedatives 6 (0.49) 23 (0.98) +99 .38
No. with antineoplastics 6 (0.49) 6 (0.24) -50 .34
No. with cardiovascular drugs 3(0.25) 2(0.08) -67 .08
No. with anticoagulants 12 (0.98) 6 (0.24) =75 01
No. with antipsychotics 5(0.41) 4 (0.16) -60 15
No. with diabetic drugs 6 (0.49) 6 (0.24) -50 .49
No. with electrolytes 11 (0.90) 5(0.20) =77 <.001
No. with others 32 (2.62) 33 (1.59) -39 .007

_____________________________________________________________________________________|]
*Unpaired comparison between phase 1 and 2 (before and after intervention was implemented, respectively),
controlling for level of care and service, using generalized estimating approaches to control for correlation between

the 2 phases.

Our POE program is continuously be-
ingimproved and, at the time of the study,
did not include all the decision support that
could have been beneficial. Otherimprove-
ments that we expect will substantially re-
duce ADESs rates are guided dose algo-
rithms that suggest appropriate dosing for
drugs, such as aminoglycosides and hep-
arin; drug-laboratory checking; and drug-
patient characteristic checking, which
would include adjusting doses for renal
failure and age.” Other features, such as
drug-allergy checking and drug-drug in-
teraction checking, have already been sig-
nificantly refined since the study period.
Given the potential of these improve-
ments, the point estimate described in this
study represents alower bound for the ef-
ficacy of POE for reducing ADE rates.

Toevaluate the effect of POE, it would
have been ideal to randomize half of the
units to POE while maintaining the re-
mainder on a paper system. However,
this was not possible. Implementation of
a POE system in which all orders are
written online is a systems change of the
first magnitude, whichis very difficult to
accomplish.2#® Therefore, we relied on
time-series comparisons.

No effect was seen for the team inter-
vention, and there was actually a trend to-
ward a higher rate of serious medication
errors, primarily at the ordering stage,
which was not the main target of the in-

tervention. Our power to detect a small
effect for the team intervention was lim-
ited, and the impact of the POE interven-
tion was large enough that it could have
obscured an incremental benefit of the
team intervention. One part of this inter-
vention was to have a pharmacist be-
come a member of the clinical team and
increase his or her presence on the unit.
In other studies, having pharmacists play
a larger clinical role has proved effec-
tive,? and we think that this and other
components of the team intervention
should be investigated further. Our find-
ings do illustrate the difficulty of linking
process improvements to reduction in
ADE rates and suggest that small changes
are likely to have limited overall impact.

An important question is whether in-
troduction of POE is cost-effective. We
previously estimated the annual costs of
preventable ADEs at this hospital to be
$2.8 million”. In this study, we observed a
decrease in the preventable ADE rate of
17% (although this decrease was not sig-
nificant);ifthis were the hospital-wide de-
crease, the annual savings would be
$480 000. This figure does not include the
costs of injuries borne by patients, of ad-
missions due to drug errors, of malprac-
tice suits, or of the extra work generated
by the nonserious medication errors. For
ourinstitution, the costs of developing and
implementing POE have been estimated
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to be $1.9 million, with maintenance costs
of $500000 per year.?” The net savings
have been estimated to be between $5 to
$10 million per year.2” While these esti-
mates are crude, they suggest that POE
not only improves the quality of care but
it could save money.

We were surprised that the error rate
did not fall as much for the ordering stage
asrates for other stages. One reason was
the unexpectedincreasein errorsrelated
to the use of sedating medications. After
excluding these errors, the percent dif-
ference from phase 1 to phase 2 was 34%
ratherthan 17%but was still smaller than
the reductions seen for other stages.

The results for individual types of er-
ror give further insight into the potential
impact of future prevention strategies.
The dosing error rate fell 23%, probably
because prescribers made selections from
menus that showed only appropriate al-
ternatives. While the rate for serious al-
lergy errors decreased 56%, there were
still 7 such errors, caused by clinicians fail-
ing to enter new information about aller-
gies when reactions had occurred during
the hospitalization. We currently are pur-
suing an initiative that encourages phy-
sicians to enter information about reac-
tions that occur in the hospital. The issues
regarding sensitivities, such as a pa-
tient’s need for specific premedication for
amphotericin, are more complex. We need
to enable such information to travel with
the patient, so it is available to all pre-
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