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Reviews

Effects of Computer-Based Clinical
Decision Support Systems on Physician
Performance and Patient Outcomes
A Systematic Review
Dereck L. Hunt, MD; R. Brian Haynes, MD, PhD; Steven E. Hanna, MA, PhD; Kristina Smith

Context.— Many computer software developers and vendors claim that their
systems can directly improve clinical decisions. As for other health care interven-
tions, such claims should be based on careful trials that assess their effects on
clinical performance and, preferably, patient outcomes.

Objective.— To systematically review controlled clinical trials assessing the ef-
fects of computer-based clinical decision support systems (CDSSs) on physician
performance and patient outcomes.

Data Sources.— We updated earlier reviews covering 1974 to 1992 by search-
ing the MEDLINE, EMBASE, INSPEC, SCISEARCH, and the Cochrane Library
bibliographic databases from 1992 to March 1998. Reference lists and conference
proceedings were reviewed and evaluators of CDSSs were contacted.

Study Selection.— Studies were included if they involved the use of a CDSS in
a clinical setting by a health care practitioner and assessed the effects of the sys-
tem prospectively with a concurrent control.

Data Extraction.— The validity of each relevant study (scored from 0-10) was
evaluated in duplicate. Data on setting, subjects, computer systems, and outcomes
were abstracted and a power analysis was done on studies with negative findings.

Data Synthesis.— A total of 68 controlled trials met our criteria, 40 of which were
published since 1992. Quality scores ranged from 2 to10, with more recent trials
rating higher (mean, 7.7) than earlier studies (mean, 6.4) (P,.001). Effects on phy-
sician performance were assessed in 65 studies and 43 found a benefit (66%).
These included 9 of 15 studies on drug dosing systems, 1 of 5 studies on diagnos-
tic aids, 14 of 19 preventive care systems, and 19 of 26 studies evaluating CDSSs
for other medical care. Six of 14 studies assessing patient outcomes found a ben-
efit. Of the remaining 8 studies, only 3 had a power of greater than 80% to detect
a clinically important effect.

Conclusions.— Published studies of CDSSs are increasing rapidly, and their
quality is improving. The CDSSs can enhance clinical performance for drug dos-
ing, preventive care, and other aspects of medical care, but not convincingly for
diagnosis. The effects of CDSSs on patient outcomes have been insufficiently
studied.

JAMA. 1998;280:1339-1346

From the Graduate Program in Health Research
Methodology (Dr Hunt), the Health Information Re-
search Unit, Department of Clinical Epidemiology and
Biostatistics (Drs Hunt, Haynes, and Hanna and Ms
Smith), and the Department of Medicine (Drs Hunt and
Haynes), McMaster University Faculty of Health Sci-
ences, Hamilton, Ontario.

Reprints: R. Brian Haynes, MD, PhD, Room 3H7,
McMaster University Medical Center, 1200 Main
St W, Hamilton, Ontario, Canada L8N 3Z5 (e-mail:
bhaynes@fhs.mcmaster.ca).

COMPUTER SYSTEMS have long
been promoted for their potential to im-
prove the quality of health care, includ-
ing their use to support clinical deci-
sions.1 Access from clinical settings
to bibliographic databases, such as
MEDLINE and electronic versions of
medical journals and textbooks, is be-
coming commonplace. Most of these re-

sources, however, leave to the practi-
tioner the task of matching individual
patient characteristics to information.
Computer-based decision support sys-
tems (CDSSs) provide additional assis-
tance.Theycansynthesizeandintegrate
patient-specific information, perform
complex evaluations, and present the re-
sults to clinicians in a timely fashion.2

Examples include CDSSs designed to

See also pp 1311, 1317, and 1360.

recommend appropriate drug doses, to
provideimmunizationreminders,ortodi-
agnosethecauseofapatient’schestpain.3
As with any innovative health care inter-
vention, however, these systems should
be rigorously evaluated before wide-
spread introduction into clinical practice.
The various stages in this assessment
process have been described by Wyatt
and Spiegelhalter,4 including using con-
trolled trials to test the effects on clinical
behavior and patient outcomes.

Our group previously reviewed con-
trolled trials of computer-aided quality
assurance5 and CDSSs published up to
1992.3 This field is rapidly evolving be-
cause of technological advances and in-
creasing access to computer systems in
clinical practice. Thus, we updated the
previous review to provide a cumulative
picture of the state of documentation of
the effects CDSSs have on clinician per-
formance and patient outcomes based on
the strongest trials in health care set-
tings to date.

METHODS
Study Identification and Selection

A CDSS was defined as any software
designed to directly aid in clinical deci-
sion making in which characteristics of
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individualpatientsarematchedtoacom-
puterized knowledge base for the pur-
pose of generating patient-specific as-
sessments or recommendations that are
then presented to clinicians for consid-
eration. Study identification for the
previous review3 involved searching
the US National Library of Medicine
MEDLINE electronic bibliographic da-
tabase, Excerpta Medica (EMBASE),
the International Information Service
for the Physics and Engineering Com-
munities (INSPEC), and the Science Ci-
tation Index (SCISEARCH), from 1974
to February 1992, for studies in any lan-
guage. Conference proceedings and ref-
erence lists of relevant articles were also
reviewed and authors were contacted.
We used a similar strategy for the up-
date, searching for any additional origi-
nal articles on CDSSs from February
1992 to March 1998. The MEDLINE
search strategy included the Medical
Subject Heading (MeSH) terms com-
puter-assisted decision making, arti-
ficial intelligence, computer-assisted
diagnosis, computer-assisted therapy,
and hospital information systems. The
complete MEDLINE, EMBASE, and
INSPEC search strategies are available
on request. We searched SCISEARCH
for references to the primary studies
from the previous reviews and also
searched the Cochrane Library6 (search
strategy available on request) for poten-
tially relevant citations. Reference lists
from all relevant articles were examined
and authors of relevant studies were
contacted and asked if they were aware
of any additional published or unpub-
lished studies that we had not identified.

All citations, and index terms and ab-
stracts if available, were reviewed and
rated as “potentially relevant” or “not
relevant.” To assess interrater reliabil-
ity,arandomsubsetof120citations from
the entire citation list was reviewed in
duplicate. The raw agreement was 83%
and the level of agreement beyond
chance was 58% (k = 58%; 95% confi-
dence interval [CI], 42%-75%).

Full-text articles were retrieved for
all titles considered to be “potentially
relevant”byeitherreviewer.Allof these
articles were reviewed independently in
duplicate, and studies were included in
the review if (1) the study participants
were health professionals in clinical
practiceorpostgraduatetraining; (2) the
intervention was a CDSS evaluated in a
clinical setting; (3) the outcomes that
were assessed included clinician perfor-
mance (a measure of the process of care)
or patient outcomes (including any as-
pect of patient well-being); and (4) the
study prospectively collected data, with
acontemporaneouscontrolgroupsothat
patient care with a CDSS was compared

with care without one. The agreement
between reviewers on the eligibility of
studies for the systematic review was
98% and the level of agreement beyond
chance was 86% (k = 86%; 95% CI, 76%-
97%). All disagreements were resolved
by consensus.

Study Evaluation
At least 2 authors assessed all selected

studies independently for methodologi-
cal quality. A 10-point rating scale was
used and disagreements were resolved
byconsensus. The scale assessed5 poten-
tial sources of bias, including the method
of allocation to study groups (random vs
quasi-randomvsselectedconcurrentcon-
trols), the unit of allocation (clinic vs phy-
sician vs patient), the presence of base-
line differences between groups that
were potentially linked to the study out-
come (no baseline differences or appro-
priate statistical adjustments made for
differences vs baseline differences pres-
entandnostatisticaladjustmentmadevs
unable to assess), the type of outcome
measure (objective outcome or subjec-
tive outcome with blinded assessment vs
subjective outcome with no blinding but
clearly defined and explicit criteria for
eachoutcomevssubjectiveoutcomewith
no blinding of assessors and no explicit
criteria for each outcome), and complete-
ness of follow-up (.90% vs 80%-90%
vs ,80%).

The unit of allocation was included be-
cause of the possibility of contamination
in trials in which interventions are ap-
plied to clinicians and end points are
measured for patients. For example, the
lowest score for unit of allocation was
given when individual patients were al-
located to intervention and control
groups because a clinician may treat
some patients with and others without
the aid of the CDSS. Knowledge gained
by the clinician from the CDSS may then
be applied to control patients, leading to
an underestimate of the system’s effect.
A similar situation can occur when indi-
vidual clinicians within a team or group
are the units of allocation: the presence
of a CDSS or of colleagues who are using
a CDSS in the clinical setting may influ-
ence the treatment given by clinicians
allocatedtothecomparisongroup.While
there are situations in which randomiz-
ing patients or physicians may be pref-
erable to randomizing clinics,7 including
cases where clinics differ in many re-
spects and access to a large number of
practices is limited, we chose to rate ar-
ticles using the same scoring system as
in the initial review3 for the sake of con-
sistency.

All studies were initially graded for
adequacy of follow-up of patients. In
some trials, however, only a subset of

the randomized patients were assessed
for outcomes, for example, only those at-
tending an appointment during the
study period as a subset of all those ran-
domized from a patient roster. This was
especiallycommonintrialsassessingthe
role of CDSSs in preventive care. For
these studies, the completeness of fol-
low-up criterion was inapplicable and
theremainingscorewasproratedsothat
the maximum possible score remained
as 10 points.

A total of 40 new studies were as-
sessed for scientific merit. The level of
chance-corrected agreement between
reviewers was high with a quadratic-
weighted k statistic of 82% (95% CI,
67%-97%). Disagreements were re-
solved by discussion.

Data Extraction and Analysis
One of the authors extracted informa-

tion concerning patients, setting, inter-
vention, and outcomes for each of the
studies and this was verified by a second
author. Subsequently, all studies that
evaluated the effects of using a CDSS on
patient outcomes and reported no sta-
tistically significant improvement were
analyzed to determine the power of each
to detect a moderate and clinically im-
portant difference in outcomes between
the groups.8 An example of a moderate
and clinically significant change would
be a 25% absolute increase in the pro-
portion of patients at a general medicine
clinic who had adequate blood pressure
control. The approach described by
Cohen8 was used and in each case an a
probability of .05 along with a medium
effect size were used for the calculations.

The studies were then grouped into 4
major topic areas: drug dosing, diagno-
sis, preventive care, and studies involv-
ing other aspects of medical care. Be-
cause the studies differed in many
respects, including clinical problems, cli-
nicians, patients, method of interven-
tion, follow-up, and measures of out-
comes, no common measure of effect was
considered to be justified for meta-
analysis of the trial results. Thus, mea-
sures of the process of care and clinical
outcomes were simply characterized for
each study according to whether a sta-
tistically significant effect was reported.

RESULTS
In addition to the 28 studies previ-

ously reviewed,9-39 we identified 40 new
studies that met our selection criteria
and included sufficient results to be able
to determine whether using the CDSS
had affected health care practitioner be-
havior or patient outcomes.40-79 Several
additional trials met our inclusion crite-
riabut includedinsufficientresultstode-
termine the effect of using the CDSS.80-84

1340 JAMA, October 21, 1998—Vol 280, No. 15 Computer-Based Clinical Decision Support Systems—Hunt et al

©1998 American Medical Association. All rights reserved.
 by guest on February 27, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


We also identified 9 review articles
thatdiscusseddecisionsupportsystems.
Four of these were narrative, nonsys-
tematic reviews, including 2 that dis-
cussed the role of decision support in
health care in general1,85 and 2 that fo-
cused on specific aspects of decision sup-
port, including diagnostic aid systems86

andcancerpreventionsystems.87 There-
maining 5 articles were systematic re-
views. These included 2 prior publica-
tions by our group3,5 and articles by
Austin et al,2 Balas et al,88 and Shea et
al.89 Austinetal completedameta-analy-
sis in 1994 of trials that assessed the ef-
fects of computer-based reminder sys-
tems on cervical cancer screening and
tetanus immunization. This demon-
stratedasignificantbeneficial impact for
both of these maneuvers. Balas and col-
leagues88 systematically reviewed the
evidence from randomized controlled

trials assessing numerous clinical infor-
mation systems. They also reviewed the
area of patient education. Their review
demonstrated that reminder systems
and drug dosing systems can improve
health care practitioner performance.
The meta-analysis by Shea and col-
leagues89 evaluated computer-based re-
minder systems for preventive care.
They found benefits for vaccinations,
breast cancer screening, colorectal can-
cer screening, and cardiovascular risk
reduction but not for cervical cancer
screening.

Linear regression of the validity
scores of all trials in our review against
their year of publication showed that
study quality increased significantly
overtime(b = .14;95%CI,0.07-0.20).For
the 28 studies that were identified in the
original review, the scores for scientific
meritrangedfrom2to9(mean,6.4),with

7 (25%) of the studies having high scores
between 8 and 10. The validity scores for
the 40 new studies ranged between 4 to
10 (mean, 7.7), with 21 of the studies
(53%) scoring 8 to 10. The majority of
the trials were randomized. Only 9 stud-
ies (13%) used quasi-random alloca-
tion14,16,50,63 or selected concurrent con-
trols.24,39,40,61,69

Of the total of 68 included trials, 15
(22%) tested CDSSs designed to assist
with dosing estimations for potentially
toxic drugs (Table 1), 5 (7.0%) evaluated
diagnostic aids, 19 (28%) assessed sys-
tems for preventive care (Table 2), and
29 (43%) tested programs for other as-
pects of medical care (Table 3). Almost
all of these studies evaluated effects on
clinician performance, but only 14 as-
sessed patient outcomes. Of the 65 stud-
ies that evaluated the effect of using a
CDSS on clinician behavior, 43 (66%)

Table 1.—Studies of Computerized Drug Dosing*

Study
No. of

Patients
Validity
Score

Type of Drug-Dosing System Assessed and
Outcomes Measured

Significant Effect
on Health Care

Practitioner Performance

Significant Effect
on Patient
Outcome

Primary Studies From Original Review

Gonzalez et al9 82 7 Aminophylline dosing for asthma patients in an emergency department.
Physician outcome: Proportion of assays at 4 h in therapeutic range.
Patient outcomes: adverse reactions; proportion of patients discharged

home from emergency department.

Increased No change

Rodman et al10 20 8 Lidocaine dosing for university hospital inpatients.
Physician outcome: serum lidocaine concentration within specific range.
Patient outcome: adverse reactions to lidocaine.

Increased No change

White et al11 75 8 Warfarin dosing for initiating therapy for university hospital inpatients.
Physician outcome: time to reach therapeutic prothrombin time.
Patient outcome: bleeding complications.

Decreased No change

White and Mungall12 50 8 Warfarin dosing during maintenance therapy at a university
anticoagulation clinic.

Health care practitioner outcome: proportion of patients within
therapeutic range.

No change . . .

Primary Studies Identified During Update Process

Abbrecht et al40 20 6 Warfarin dosing for initiating therapy for university hospital inpatients.
Physician outcomes: time to reach therapeutic range;

proportion of days in therapeutic range.

Increased . . .

Begg et al41 50 6 Aminoglycoside dosing for inpatients.
Physician outcome: proportion of patients within therapeutic range.

Increased . . .

Carter et al42 54 6 Warfarin dosing for initiating therapy for inpatients.
Physician outcome: time to achieve stable prothrombin time.

No change . . .

Casner et al43 47 6 Theophylline dosing for inpatients.
Physician outcome: therapeutic theophylline concentration.

No change . . .

Hickling et al44 32 5 Aminoglycoside dosing for patients in an intensive care unit.
Physician outcome: proportion of patients within therapeutic range.

Increased . . .

Hurley et al45 96 6 Theophylline dosing for inpatients.
Physician outcome: proportion of patients within therapeutic range.

No change . . .

Mungall et al46 51 8 Heparin dosing after an acute myocardial infarction.
Physician outcome: anticoagulation control.
Patient outcomes: bleeding, recurrent chest pain, stroke, pulmonary

embolus, or congestive heart failure.

Increased Decreased

Poller et al47 186 8 Warfarin dosing/follow-up for maintenance therapy at an
anticoagulation clinic.

Physician outcomes: proportion of assessments in therapeutic range,
and average follow-up periods.

No change . . .

Vadher et al48 148 6 Warfarin dosing during initiation and maintenance therapy at a
teaching hospital.

No change . . .

Physician outcomes: time to reach therapeutic range, time to reach stable Decreased
control, and quality of anticoagulation control during maintenance
therapy.

Increased

Vadher et al49 177 6 Warfarin dosing during maintenance therapy.
Physician outcome: anticoagulation control.

No change . . .

Verner et al50 25 6 Theophylline dosing in a teaching hospital emergency department.
Physician outcome: proportion of theophylline levels in therapeutic

range during maintenance.
Patient outcome: clinical score of respiratory tract status.

Increased No change

*Ellipses indicate outcome was not assessed.
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found at least some benefit. These in-
cluded 9 (60%) of 15 studies on drug dos-
ing systems, 1 (20%) of 5 studies evalu-
ating diagnostic aids, 14 (74%) of 19 pre-
ventive care systems, and 19 (73%) of 26
studies assessing CDSSs for other medi-
cal care. Only 6 (43%) of the 14 studies
that evaluated the effects on patient out-
comes documented a benefit. However,
5 (62%) of the 8 trials that found no ben-
efit for patient outcomes had a power of
less than 80% to detect a moderate and
clinically important improvement.

Drug Dosing Studies
Fifteen studies assessed systems de-

signed to assist with drug dosing (Table
1), with 11 of these coming from the up-
date. Eight studies9,10,41,43-46,50 addressed
the dosing of intravenous medications
and 6 found improvements with the use
ofaCDSS.Thesystemsthatweretested
were designed to assist with achieving
or maintaining therapeutic theophylline
or lidocaine hydrochloride levels or
achieving improvedanticoagulationcon-
trol with heparin. Four of these trials

also evaluated patient outcomes and
only 1 found a significant benefit com-
pared with usual clinical practice.46

Theremaining7studies11,12,40,42,47-49 evalu-
ated the role of CDSSs in warfarin dos-
ing using a number of different end points.
The time to reach a therapeutic interna-
tionalnormalizedrate (INR)orprothrom-
bin time (PT) when initiating warfarin
therapy was assessed by 3 trials. The find-
ings were inconsistent. One study found
no effect.48 In another study, the CDSS
group reached therapeutic levels faster,11

while the reverse occurred in another
trial.40 Using a CDSS decreased the time
required to reach a stable INR or PT (in
contrast to the first occurrence of a thera-
peutic INR or PT) in one trial,48 but had
no effect in another.42 For maintenance
therapyforoutpatients,1studyfoundthat
a CDSS was able to keep the INR within
the therapeutic range more consistently
than if a CDSS was not used,48 but 3 other
studies found that using a CDSS did
not improve the anticoagulation con-
trol.12,47,49 However, 1 of these 3 studies49

compared warfarin sodium dosing by a

trainee physician with dosing by a nurse
practitioner using a CDSS. Anticoagula-
tion was equivalent in the 2 groups.

Diagnosis
Five studies13-17 assessed the role of

CDSSs in diagnosis, all from the initial
review.Theseevaluatedavarietyofsys-
tems designed to assist in the manage-
ment of pediatric patients or patients
presentingwithchestorabdominalpain.
In addition, Chase and colleagues13

tested a system that identified patients
at high risk of respiratory tract compli-
cations postoperatively so that physio-
therapy could be selectively provided.
This was the only study to find a benefit
with the CDSS. Positive effects were
noted for both timely referral of patients
for physiotherapy and reduced risk of
postoperative complications.

Prevention
With the update, the number of stud-

ies of CDSSs providing preventive care
reminders increased from 6 to 19 (Table
2). All of the studies evaluated clinician

Table 2.— Studies of Computerized Reminders for Preventive Care*

Study
No. of

Patients
Validity
Score

Type of Preventive Care Reminders Assessed
for Outcomes Measured

Significant Effect on Health Care
Practitioner Performance

Significant Effect
on Patient
Outcome

Primary Studies From Original Review

Barnett et al18 133 4 Reminders to measure blood pressure.
Physician outcome: proportion of patients who had blood pressure

assessed.
Patient outcome: blood pressure control.

No change No change

McDowell et al19 448 6 Reminders for influenza vaccination at a teaching hospital. Increased . . .

McDowell et al20 310 7 Reminders for cervical screening at a teaching hospital. No change . . .

McDowell et al21 2055 6 Reminders to measure blood pressure at a teaching hospital.
Physician outcome: proportion of patients who had blood pressure

assessed.

Increased . . .

Rosser et al22 2549 6 Reminders for tetanus vaccination at a teaching hospital. Increased . . .

Tierney et al23 6045 5 Reminders for numerous preventive care maneuvers at a teaching
hospital.

Increased . . .

Primary Studies Identified During Update Process

Burack et al51 2725 7.5 Reminders for mammography at health department primary
practice sites and at a health maintenance organization.

Increased . . .

Burack et al52 2368 7.5 Reminders for mammography at 2 sites of a health maintenance
organization.

Increased . . .

Burack and Gimotty53 2826 7.5 Reminders for mammography at 3 sites of a health maintenance
organization and health department.

Increased . . .

Chambers et al54 686 9 Reminders for influenza vaccination at a teaching hospital family
medicine clinic.

Increased . . .

Frame et al55 1324 6 Reminders for 11 preventive care maneuvers at rural
family practice offices.

Increased for 8/11 . . .

McPhee et al56 Not documented 9 Reminders for 7 cancer prevention maneuvers at teaching
hospital clinics.

Increased for 6/7 . . .

McPhee et al57 Not documented 10 Reminders for 11 cancer prevention maneuvers at family
medicine clinics.

Increased for 9/11 . . .

Ornstein et al58 7397 9 Reminders for 5 preventive care maneuvers at a teaching
hospital family medicine clinic.

Increased for 2/5 . . .

Overhage et al59 1622 10 Reminders for preventive care for inpatients at a teaching hospital. No change . . .

Rosser et al60 5883 7.5 Reminders for 5 preventive care maneuvers at a
teaching hospital family medicine clinic.

Positive trend for 5/5 and
increased overall

. . .

Tape et al61 1809 7.5 Reminders for 8 preventive care maneuvers at a teaching hospital
internal medicine clinic.

Increased for 2/8 . . .

Turner et al62 20 6 Reminders for 5 preventive care maneuvers for rural physicians. No change . . .

Turner et al63 253 8 Reminders for preventive care maneuvers at a teaching hospital
general medicine clinic.

No change . . .

*All conducted in outpatient clinics except for study by Overhage et al,59 and all assessed compliance with recommendations, unless otherwise indicated. Ellipses indicate
outcome was not assessed.
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Table 3.—Studies of Other Aspects of Medical Care*

Study
No. of

Patients
Validity
Score

Type of System Assessed Recommendations
and Outcomes Measured

Significant Effect
on Health Care

Practitioner Performance

Significant Effect
on Patient
Outcome

Primary Studies From Original Review
Brownbridge et al24 29 4 Hypertension management recommendations for

community family physicians.
Physician outcome: adherence to protocol.

Higher compliance . . .

Coe et al25 116 6 Hypertension management recommendations at a
teaching hospital clinic.

Patient outcome: blood pressure control.

. . . No change

Keller et al26 160 6 Nursing care planning for community hospital inpatients.
Patient outcome: patient self-care knowledge and satisfaction.

. . . No change

McAlister et al27 2231 7 Hypertension management recommendations for
community family physicians.

Physician outcome: treatment with antihypertensive drugs.
Patient outcome: blood pressure control.

No change No change

McDonald28 226 5 Recommendations for care in a diabetes clinic at a teaching hospital.
Physician outcome: adherence to recommendations.

Increased . . .

McDonald29 189 7 Management of general medicine problems at a teaching hospital clinic.
Physician outcome: adherence to recommendations.

Increased . . .

McDonald et al30 Not documented 8 Management of general medicine problems at a teaching hospital clinic.
Physician outcome: adherence to recommendations.

Increased . . .

McDonald et al31,32 12 467 8 Management of general medicine problems at a teaching hospital clinic.
Physician outcome: adherence to recommendations.
Patient outcome: frequency of hospitalizations or chest

and/or respiratory tract assessments.

Increased Decreased

Petrucci et al33 18 7 Management of urinary incontinence by nurses at a nursing home.
Patient outcome: urinary incontinence.

. . . Decreased

Rogers et al34-36 479 9 Management of general medicine outpatient problems
at a teaching hospital.

Physician outcome: need for hospitalization.
Patient outcome: blood pressure and weight control.

No change Decreased in
weight

Tierney et al37 9496 5 Information about previous test results at a teaching hospital clinic.
Physician outcome: test ordering.

Decreased . . .

White et al38 396 7.5 Digoxin treatment.
Physician outcome: adherence to recommendations.

Increased . . .

Young39 155 4 Management of 79 medical problems for inpatients at a teaching hospital.
Physician outcome: errors in test ordering.

Decreased . . .

Primary Studies Identified During Update Process
Bates et al64 Not documented 8 Reminders about redundant laboratory tests.

Physician outcome: rate of redundant laboratory testing.
Decreased . . .

Dexter et al65 1042 10 Reminders to discuss and complete advance directives in
an outpatient clinic.

Physician outcome: rate of advance directive discussions
and form completion.

Increased . . .

Fihn et al66 849 8 Outpatient anticoagulation clinic follow-up frequency.
Physician outcomes: follow-up intervals and anticoagulation control.

Increased
No change

. . .

Hales et al67 1971 8 Hospital admission screening.
Physician outcome: rate of unnecessary admissions.

No change . . .

Lobach et al68 884 Visits 9 Diabetes care recommendations at a university family medicine center.
Physician outcome: adherence to recommendations.

Increased . . .

Mazzuca et al69 2791 8 Diabetes care recommendations at 4 teaching hospital clinics.
Physician outcome: adherence to recommendations.

No change . . .

Nilasena et al70 Not documented 9 Diabetes care recommendations at teaching hospital clinics.
Physician outcome: adherence to recommendations.

No change . . .

Overhage et al71 2181 10 Management of general medical inpatient problems at a teaching hospital.
Physician outcome: adherence to recommendations.

Increased . . .

Rossi and Every72 719 8 Management of hypertension at a teaching hospital general
internal medicine outpatient clinic.

Physician outcome: medication changes from a calcium channel blocker
to another antihypertensive agent.

Increased . . .

Rotman et al73 2071 9 Drug information and recommendations at a
teaching hospital outpatient clinic.

Physician outcome: drug costs.

No change . . .

Rubenstein et al74 557 8 Functional status assessment and care recommendations.
Physician outcome: documentation of stress or anxiety-related

conditions and compliance with recommended interventions.
Patient outcome: emotional well-being.

Increased Increased

Ryff-de-Leche et al75 19 6 Insulin dosing for outpatients at a teaching hospital.
Physician outcome: hemoglobin A1c.

No change . . .

Safran et al76 349 10 Management of patients with AIDS at teaching hospital outpatient clinics.
Physician outcome: time to completion of required tasks.

Decreased
for 7/12 tasks

. . .

Shea et al77 7109 8 Information regarding hospital length of stay.
Physician outcome: hospital length of stay.

Decreased . . .

Thomas et al78 185 4 Management of general medical problems at a teaching
hospital ambulatory care clinic.

Physician outcome: adherence to recommendations.

Increased . . .

Tierney et al79 5219 9 Costs of tests relevant to general medicine inpatient problems
at a teaching hospital.

Physician outcome: patient care costs.

Decreased . . .

*Ellipses indicate outcome was not assessed. AIDS indicates acquired immunodeficiency syndrome.
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performance and 14 (74%) found a ben-
efit for at least one of the processes of
care measured. The majority of the sys-
tems in the original review reminded
clinicians about a single test, such as
blood pressure assessment,18,21 vaccina-
tions,19,22 and Papanicolaou tests.20 In
contrast, most of the systems tested in
the new studies reminded physicians
about several preventive care tests, in-
cluding vaccinations and cancer screen-
ing. Also, the only study to look at
prevention reminders for inpatients re-
ceiving acute medical care59 found no in-
crease in the implementation of 22 pre-
ventive procedures, even though the
majority of participating physicians in-
dicated that they felt that acute hospi-
talizations provided an appropriate op-
portunity for reviewing and implement-
ing preventive care.

Other Medical Care
Twenty-ninestudies, including16new

trials, assessed the role of CDSSs in
other medical care (Table 3). Some of the
systems that were tested were disease
specific, focusing on hypertension, dia-
betes, or management of the acquired
immunodeficiency syndrome, while oth-
ers addressed numerous general medi-
cal problems (Table 3). Several systems
weredesignedto improvedrugprescrib-
ing and test ordering and others to de-
crease the number of admissions to hos-
pital, to hasten hospital discharge, or to
improve the functioning of anticoagula-
tion clinics. Systems designed specifi-
cally to assist nurses have also been
evaluated.

Almostallofthesestudiesassessedthe
effects of using a CDSS on health care
practitioner performance, and 19 (73%)
of 26 studies found a benefit. The process
of care for hypertension improved in one
trial,24 but not in another.27 For diabetes
care, compliance with recommendations
improved in 2 of 4 studies.28,68-70 The sys-
temsthatprovidedpatient-specific infor-
mation about laboratory test results37,64

found improvements. Compliance with
recommendations for general medical
problems also improved in the 5 studies29-

31,71,78 that addressed this. Safran and col-
leagues76 found that health care practi-
tioners caring for patients with acquired
immunodeficiency syndrome completed
tasks more quickly when they received
computer-based support. Fihn and col-
leagues66 noted that a CDSS designed to
recommend follow-up periods for outpa-
tients receiving warfarin anticoagulation
at a thromboembolism clinic led to sig-
nificantly longer periods between ap-
pointments, without any differences in
the level of anticoagulation control be-
tween the 2 groups. No improvements
were noted in the trials that evaluated

drug prescribing or hospital admission
practices. Using a CDSS did, however,
lead to slightly earlier discharge from the
hospital.77 Recently, Dexter and col-
leagues65 demonstrated that computer-
generated reminders are effective at in-
creasingtherateofadvancedirectivedis-
cussions and form completion.

A smaller number of trials evaluated
patient outcomes as end points; 4 (57%)
of 7 found a benefit. Of the studies that
assessed blood pressure, no improve-
ments were noted for this end
point.25,27,34-36 In contrast, beneficial
changes in weight and patient quality of
life were found in 2 studies.34-36,74 Also,
fewer people who had been cared for
with the assistance of a CDSS for the
management of general medical prob-
lems subsequently required hospitaliza-
tion or a chest or respiratory tract as-
sessment.

COMMENT
This update documents considerable

progress in the quantity and quality of
studies of CDSSs. The number of high-
quality, controlled trials has more than
doubled since the previous review of
studies up to 1992, and stronger conclu-
sions can now be reached. For example,
with 19 studies assessing preventive
care systems in comparison with the lim-
ited set of 6 studies that were previously
available and with 74% reporting posi-
tive findings, ambulatory care services
and clinics should consider opportuni-
ties to acquire preventive care reminder
systems—a conclusion reached in an-
other recent review.88

Information relating to dosing sys-
tems has also increased since the initial
review. Six studies, instead of 2, now in-
dicate that potentially toxic, intrave-
nously administered medications can be
titrated more effectively using a CDSS
than without one if the pharmacokinet-
icsarewellunderstood.Only2published
studies found no improvement with a
CDSS. While larger, confirmatory stud-
ies may be warranted (as concluded af-
ter the initial review), the consistent re-
sults suggest that it would now be rea-
sonabletoconsiderusingaCDSSforthis
purpose in certain circumstances. The
same cannot be said for warfarin dosing
systems. Despite the fact that 7 studies
have now addressed this topic, in com-
parison with the previous 2, the findings
have remained inconsistent.

Perhaps not surprisingly, given the
disappointing findings of earlier trials,
there have not been any new controlled
trials of diagnostic aid systems. Thus, our
conclusions regarding these systems re-
main unchanged. For the time being they
should only be deployed in settings in
which they are being properly evaluated.

Also, given the rapid rate of develop-
ment of CDSSs, the inconsistencies in
results within classes of CDSSs, and the
limited range of clinical settings in which
CDSSs have been tested to date, it is
important for health care centers to in-
clude some form of in-house evaluation
when incorporating CDSSs. This is es-
pecially important if the system has not
beenpreviouslytested, if theclinical set-
ting differs substantially from that of
prior testing sites, or if specially trained
staff were included in the previous tri-
als. The study of Overhage and col-
leagues59 is enlightening in this respect:
despite the success of reminder systems
for preventive care in ambulatory set-
tings and the prior belief of clinicians
that preventive care reminders would
be welcomed for seriously ill, hospital-
ized patients, no benefits were detected
when the reminders were implemented.
Thus, as a minimum, adherence rates
should be assessed after the implemen-
tation of any reminder system and com-
paredwiththepreimplementationrates.
Similarly, systems designed to alter
laboratory testing behavior or adher-
ence to disease management recommen-
dationsshouldhavepostimplementation
evaluations to assess their impact.

To improve the chance that a decision
support system will have a positive in-
fluence, the findings from 2 additional
studies are worth considering. Litzel-
man et al90 demonstrated that requiring
physicians to acknowledge reminders
improved their adherence to recommen-
dations. Recently, Lobach91 found that
providing personalized feedback to phy-
sicianswasaneffectivemeansof improv-
ing adherence to recommendations after
the implementation of a CDSS.

Few studies of CDSSs to date have
assessed patient outcomes and only a
small proportion of these have found
benefits. However, many of these stud-
ies have been too small to detect clini-
cally important improvements inpatient
outcomes. It could be argued that this is
mainly a matter of appropriate timing.
Without more substantive effects on
process, lookingforclinicalandeconomic
benefits is premature. The CDSSs are
improving so larger trials will be war-
ranted soon. Given the expense and dif-
ficulties of doing such trials, this position
has merit as long as the final stages of
validationarenotneglected—oncemore
compelling process effects are shown.
Unfortunately, no regulatory or other
guarantee exists that such trials will be
done, and market forces may drive de-
ployment of such systems before ad-
equate evaluation. Nevertheless, the in-
creasing number and quality of CDSS
trials in the past few years and the rapid
assimilationof technological information
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into clinical settings bode well for the
future of improving the effectiveness
and efficiency of clinical care.
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