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Computerized Decision Support Based on a Clinical
Practice Guideline Improves Compliance with
Care Standards
David F. Lobach, MD, PhD, MS, W. Ed Hammond, PhD, Durham, North Carolina

PURPOSE: Clinical guidelines are designed to
assist in the management of specific diseases;
however, these guidelines are often neglected in
the delivery of care. The purpose of this study
was to determine whether clinician use of a
clinical practice guideline would increase in
response to having, at the patient visit, a
decision support system based on a practice
guideline that generates a customized
management protocol for the individual patient
using data from the patient’s electronic medical
record.

SUBJECTS AND METHODS: In a 6-month controlled
trial at a primary care clinic, 58 primary care
clinicians were randomized to receive either a
special encounter form with the computer-
generated guideline recommendations or a
standard encounter form. The effect of
computer-generated advice on clinician
behavior was measured as rate of compliance
with guideline recommendations. Data from 30
clinicians were analyzed; data from 28
clinicians were excluded because these
clinicians did not meet predefined criteria for
minimum exposure to diabetic patient care.

RESULTS: Availability of patient management
recommendations generated by the decision
support system resulted in a two-fold increase
in clinician compliance with care guidelines for
diabetes mellitus (P Å 0.01). Median
compliance for the group receiving the
recommendations was 32.0% versus 15.6% for
the control group.

CONCLUSION: Decision support based on a
clinical practice guideline is an effective tool for
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assisting clinicians in the management of
diabetic patients. This decision support system
provides a model for how a clinical practice
guideline can be integrated into the care
process by computer to assist clinicians in
managing a specific disease through helping
them comply with care standards. Use of
decision support systems based on clinical
practice guidelines could ultimately improve the
quality of medical care. Q 1997 by Excerpta
Medica, Inc. Am J Med. 1997;102:89–98.

More than 1,600 clinical practice guidelines have
been written to stipulate recommendations for

the appropriate delivery of care in specific clinical sit-
uations.1,2 These guidelines have little impact upon ac-
tual clinical practice unless they are effectively inte-
grated into the clinical setting.3–6 Novel approaches
are needed to facilitate the use of guidelines in clinical
practice. With the increasing use of electronic medi-
cal records, computer-based decision support sys-
tems could be used to integrate practice guidelines
into the process of health care delivery.

In the past, computers have been programmed to
generate patient-specific care reminders and to pro-
vide expert advice for managing a particular condi-
tion. Although studies using electronically stored
data to generate reminders have demonstrated im-
proved compliance with a series of rules concerning
preventive care tests and procedures,7–12 laboratory
testing,7,9 drug therapies,7,9 and length of hospital
stay,13 none of these studies used a clinical practice
guideline to manage a single disease over time. Fur-
thermore, the impact of those studies was limited
because the presentation of the recommendations
was confusing,14,15 the clinicians neglected to look at
the recommendations,9,14,15 or the clinicians disa-
greed with the recommendations.14 Other computer
systems have been programmed to capture the
knowledge of expert clinicians to assist with the
management of specific diseases.16–20 Most of these
expert systems were not directly integrated into the
care process to provide management recommenda-
tions during a patient visit.16,17 Systems that were
available during the patient visit disrupted the rou-
tine care process by requiring the clinician to enter
supplemental data into the computer.18–20
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In this study, we capitalized on the computer-gen-
erated-reminder approach of using existing elec-
tronic data to direct patient management during the
patient encounter and on the rule-based approach
used in expert systems to accommodate the man-
agement of a specific disease over time to create a
decision support system based on a clinical practice
guideline called the Computer-Assisted Management
Protocol. The Computer-Assisted Management Pro-
tocol was designed to use medical knowledge con-
tained in a clinical practice guideline to formulate
disease-specific care recommendations for an
individual patient based on data stored in the pa-
tient’s electronic medical record. Because of the in-
creasing availability and importance of clinical prac-
tice guidelines for improving efficiency and
cost-effectiveness in medical care, we wanted to
demonstrate that a practice guideline could be used
as the source of the medical knowledge incorporated
into the Computer-Assisted Management Protocol.

In this project, we selected, and subsequently
modified, the care guideline for the continuing man-
agement of diabetes mellitus published by the Amer-
ican Diabetes Association.21 Diabetes mellitus was
selected because it is a common chronic disease af-
fecting over 5% of the adult population, its diagnosis
is quantitative and relatively unambiguous, and its
management requires monitoring several laboratory
tests and serial examinations which are common
among all diabetic patients. Furthermore, ap-
proaches are needed to improve the quality of dia-
betes care in the United States.22

To assess the impact of the Computer-Assisted
Management Protocol on the management of pa-
tients with diabetes mellitus, we conducted a ran-
domized controlled trial to evaluate clinician com-
pliance with care guidelines among clinicians with
and without the availability of the Computer-As-
sisted Management Protocol.

METHODS
Study Design

The effect of the Computer-Assisted Management
Protocol on clinician compliance with guidelines
was evaluated in a 6-month, randomized, controlled
trial conducted at the Duke Family Medicine Center
at Duke University Medical Center. Duke Family
Medicine Center is a free-standing, primary care
clinic that offers on site laboratory testing, radiology
studies, and pharmacy services. It is also the primary
outpatient clinic site for the Duke University Family
Medicine Residency Program. In 1993, the clinic had
over 35,000 patient visits. All of the 58 primary care
clinicians at Duke Family Medicine Center (20 family
physicians, 1 general internist, 2 nurse practitioners,
2 physician’s assistants, and 33 family medicine res-

idents) were randomized either to receive (interven-
tion group) or not to receive (control group) the
Computer-Assisted Management Protocol. The
randomization was not stratified by level of training
since training level alone does not affect the extent
of compliance with care guidelines.8 The primary
study measure was clinician compliance with guide-
line recommendations during an encounter. Clini-
cians in both groups were blinded to the study pro-
tocol. In only one encounter during the study, a
control group clinician inappropriately received the
Computer-Assisted Management Protocol; diabetes
was not assessed during this visit so that the data
from this visit was not eligible for inclusion in the
calculation of compliance.

Development of Consensus Guidelines
The American Diabetes Association guidelines for

the chronic care of patients with diabetes mellitus
served as the starting point for the development of
the Duke Family Medicine Center diabetes care pro-
tocol.21 These guidelines represent an official opin-
ion of the American Diabetes Association sanctioned
by its Committee on Professional Practice and its
Executive Committee of the Board of Directors; in
short, the guidelines represent the opinions of ex-
perts defining optimal continuing care for patients
with diabetes mellitus. These guidelines have been
endorsed by several professional medical associa-
tions, but notably not by the American Academy of
Family Physicians.

The American Diabetes Association guidelines
were adapted to Duke Family Medicine Center
through a consensus building process that allowed
for input from all of the practicing clinicians to en-
sure that noncompliance with care guidelines was
not the result of clinician disagreement with the
guidelines.23 Disagreement with the American Dia-
betes Association guidelines resulted from questions
about their applicability in primary care. The con-
sensus-building process utilized surveys of clinician
practice patterns and discussions at practice man-
agement meetings over a three month period. The
Duke Family Medicine Center consensus guidelines
for the continuing care of diabetes mellitus were de-
veloped to apply to all diabetic patients as practice
standards (Table I). They differed from the original
American Diabetes Association guidelines in that the
foot examination was required monthly only for pa-
tients with neuropathy or a history of lower limb ul-
cers instead of at every visit for all diabetic patients;
the frequency of monitoring chronic blood glucose
control was every 6 months for all patients instead
of every 3 months for the type I diabetic patients; the
lipid evaluation was limited to an annual cholesterol
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TABLE I
Duke Family Medicine Center Care Guidelines for

Diabetes Mellitus

1. Foot examination monthly in patients with diabetic
neuropathy, peripheral neuropathy, or history of
lower limb ulcers.

2. Annual complete physical examination.
3. Determination of chronic blood glucose control every

6 months.
4. Annual urine protein determination.
5. Annual cholesterol level.
6. Annual ophthalmologic examination.
7. Seasonal influenza vaccination (September-January).
8. Pneumococcal vaccination.

Figure 1. Sample format for the computer-assisted management pro-
tocol for diabetes mellitus. ‘‘D’’ indicates that the recommendation
was ‘‘declined’’ by the patient. ‘‘N’’ indicates that the recommendation
was considered ‘‘never’’ appropriate by either the clinician or the pa-
tient.

level instead of a complete lipid panel; and a baseline
electrocardiogram was not required.

Development of the Computer-Assisted
Management Protocol

The Computer-Assisted Management Protocol
was created to implement the Duke Family Medicine
Center diabetes guidelines on The Medical Record,
the computer-based patient record system in use at
Duke Family Medicine Center. The Medical Record
has been in development at Duke Family Medicine
Center for more than 20 years. It is comprised of
discrete modules that function together to support
all aspects of a patient encounter electronically.24,25

Modules in operation at the time of the study in-
cluded demographic information, scheduling, ac-
counting, problem lists, encounter summary, medi-
cations, quality assurance, laboratory orders/results,
and medications/immunizations. Because the mod-
ule for progress notes was not implemented at Duke
Family Medicine Center and because consultants
and laboratories outside the Center did not use The
Medical Record, the computer-based medical record
at Duke Family Medicine Center was supplemented
with a paper medical record containing progress
notes, outside study reports, and consultant notes.
Summary lists of a patient’s medical problems, med-
ications, past encounters, and health maintenance
information stored in The Medical Record were
made available to clinicians during a visit as a
printed sheet, known as an encounter form, that was
attached to the patient’s paper chart. Clinical infor-
mation, prescriptions, and orders were communi-
cated by clinicians to other clinic personnel by hand-
written notes on the encounter forms. Demographic
data, medical problems, appointments, and account-
ing data were entered in The Medical Record by re-
ceptionists as part of the patient registration and
check-out processes.26 Laboratory results were
electronically transferred to The Medical Record
from sample analyzing equipment. Information con-

cerning medications was entered by pharmacy per-
sonnel.

The module developed to implement the consen-
sus guidelines was modeled after the Quality Assur-
ance module of The Medical Record which is de-
scribed elsewhere.24,25 The Computer-Assisted
Management Protocol implemented the diabetes
care guideline through a series of logic rules that
performed temporal comparisons, mathematical cal-
culations and/or logical comparisons using data se-
lectively retrieved from the problem list, medica-
tions list (including immunizations), or studies
section of a patient’s electronic medical record. Fol-
lowing enactment of these rules, the program printed
a set a patient-specific care recommendations. The
program to create the Computer-Assisted Manage-
ment Protocol was implemented by adding a call
statement for the Computer-Assisted Management
Protocol program to The Medical Record module
that printed the encounter forms. The additional
functionality provided by the Computer-Assisted
Management Protocol beyond previous reminder
programs was that the Computer-Assisted Manage-
ment Protocol generated a set of disease-specific
care recommendations customized to an individual
patient that advised the clinician regarding which
studies/procedures should be done during the cur-
rent visit and which studies/procedures were next
due in order to assist the clinician with managing the
diabetic patient in accordance with a clinical prac-
tice guideline.

The output from the diabetes Computer-Assisted
Management Protocol was printed on the first page
of the paper encounter form immediately below the
section that was used for capturing visit charges. A
sample diabetes Computer-Assisted Management
Protocol is shown in Figure 1. It provided the cus-
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tomized diabetes guideline recommendations based
on practice standards and previously completed
tests, and an area for handwritten updates by the
clinician to capture data not previously stored in The
Medical Record. Additional flexibility was included
for the clinicians to designate that the recommen-
dation had been declined by the patient (‘‘D’’) or
never to be done for the patient (‘‘N’’). If ‘‘never’’ was
designated for a particular guideline, the guideline
was shut off permanently for that patient. Despite
their availability, however, the ‘‘D’’ and ‘‘N’’ desig-
nations were rarely used during the study. Users in-
teracted with the printed Computer-Assisted Man-
agement Protocol information by reading which
studies/procedures were due and ordering the
appropriate studies/procedures on the encounter
form in the space immediately above the Computer-
Assisted Management Protocol or by performing the
suggested examination(s). Users also interacted
with the Computer-Assisted Management Protocol
by writing information to update the Computer-As-
sisted Management Protocol on the blank data entry
lines immediately below the recommendations. In
the process of checking out of the clinic, patients
carried a copy of the encounter form to the patient
processors. Encounter forms on which Computer-
Assisted Management Protocols were printed were
selectively collected. These forms were then re-
viewed by clinic personnel for information that up-
dated the Computer-Assisted Management Protocol.
This information was then entered into the patient’s
electronic medical record by clinic personnel using
a pre-existing data entry program in The Medical
Record that had been expanded to include foot ex-
amination, complete physical examination, and oph-
thalmologic examination in the studies section, and
to log performance of any Computer-Assisted Man-
agement Protocol studies/procedures that were per-
formed at an outside facility.

The Computer-Assisted Management Protocol
was generated by The Medical Record in the follow-
ing way: when a command was entered to generate
an encounter form, the Computer-Assisted Manage-
ment Protocol program searched the patient’s elec-
tronic problem list for the diagnosis of diabetes mel-
litus. If diabetes mellitus was found on the patient’s
problem list, the program then checked to see if the
patient was scheduled to see one of the clinicians
involved in the study. If the patient was scheduled
to see a study clinician, the Computer-Assisted Man-
agement Protocol program then generated guideline
recommendations that were customized for the pa-
tient based on a series of logic rules that utilized data
in the patient’s computer-based medical record. The
program then stored a record of the patient encoun-
ter and a copy of the Computer-Assisted Manage-

ment Protocol in a master file that later served to
identify charts for audit. Finally, the program printed
the Computer-Assisted Management Protocol rec-
ommendations on the encounter form of the diabetic
patients who were seeing a clinician randomized to
receive the intervention.

The Medical Record test system, a duplicate of
The Medical Record program and database in use at
Duke Family Medicine Center, was used to evaluate
the Computer-Assisted Management Protocol mod-
ule prior to implementation. The Computer-Assisted
Management Protocol module was tested by the re-
peated creation and analysis of encounter forms
using real patient appointments on The Medical Rec-
ord test system. The module was not activated until
the test encounter forms contained no errors.

At the initiation of the study, a letter was sent to
all clinicians randomized to receive the Computer-
Assisted Management Protocol. The letter described
the function of the Computer-Assisted Management
Protocol and encouraged clinicians to use it. A fol-
low-up letter was sent to the same clinicians midway
through the study to encourage continued use of the
Computer-Assisted Management Protocol and clar-
ify questions that had arisen.

Throughout the study period, the Computer-As-
sisted Management Protocol recommendations gen-
erated from information in The Medical Record were
checked for correctness by comparing them with
recommendations that theoretically would have
been derived if information from both The Medical
Record and the paper chart had been used. A rec-
ommendation was considered ‘‘correct’’ if the com-
bined data from both the paper chart and the elec-
tronic medical record confirmed that a given
recommendation was either due or not due. The
overall reliability of the Computer-Assisted Manage-
ment Protocol, calculated as the number of correct
recommendations over the total number of recom-
mendations, was 77% (4173 correct recommenda-
tions out of 5370 recommendations evaluated in 1098
encounters—86% of total encounters). The majority
of incorrect recommendations resulted either from
a transient disruption in Computer-Assisted Manage-
ment Protocol functioning following the introduc-
tion of a new version of The Medical Record one
month into the study (ie, systems errors: 86.8% of
total errors) or from the presence of data in the pa-
per chart which had not been captured electronically
(ie, recording errors: 13.2% of total errors). More
than 70% of the system errors were false positive rec-
ommendations in which the performance of studies/
procedures was incorrectly suggested. Introduction
of the new version of The Medical Record restruc-
tured the way in which study data was retrieved and
hindered the Computer-Assisted Management Pro-
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Figure 2. Protocol for chart audits.

tocol’s ability to detect data elements stored in The
Medical Record and thus to update appropriately the
recommendations regarding tests or interventions
already performed. Specifically, the Computer-As-
sisted Management Protocol program selected the
first occurrence of a study result instead of the most
recent occurrence. This error resulted in the Com-
puter-Assisted Management Protocol inappropri-
ately recommending unnecessary tests or interven-
tions when the most recent occurrence of a study
was not detected. As errors were detected, the ap-
propriate corrections were made. Clinicians ap-
peared to have ‘‘overridden’’ or neglected the erro-
neous recommendations because the frequency of
ordering the designated tests or vaccines did not sig-
nificantly increase during this phase of the study. All
of the errors caused by introduction of the new ver-
sion of The Medical Record were eliminated by the
end of the second month of the study. Throughout
the remainder of the study the Computer-Assisted
Management Protocol reliability was over 90%.

Data Collection
Compliance with Computer-Assisted Management

Protocol recommendations was determined by re-
view of computer-generated laboratory test sum-
maries and by audits of paper-based medical rec-
ords. Audits of paper charts were included because
the paper record of the patient’s visit was considered
to contain the most complete information for deter-
mination of clinician compliance. All of the chart au-
dits were performed by one physician (DL). In order
to standardize chart auditing and to minimize ob-
server bias, an audit protocol was used for every
chart (Figure 2). The audit protocol explicitly out-
lined the process by which the components of each
chart were to be reviewed systematically to collect
compliance data. Using this protocol, intra-auditor
consistency, evaluated by duplicate audits per-
formed more than 2 weeks apart on 10% of the en-
counters, was greater than 90%. Review of clinicians’
progress notes, nursing notes, immunization consent
forms, ophthalmology consult notes, and computer-
generated laboratory summaries were used to assess
compliance during individual encounters. In this
study, a complete physical was defined as a compre-
hensive health maintenance visit for which the cli-
nician collected information on a special age- and
gender-appropriate form.

Determination of Compliance
Prior to the initiation of the study, a minimum

level of clinician exposure to diabetic patients and
diabetes care was defined to insure that a clinician’s
compliance score was a valid representation of his/
her practice patterns for diabetes. To achieve the

minimum exposure criteria, the clinician had to have
seen at least six different diabetic patients and to
have assessed diabetes care in at least 12 encounters
during the study period. A guideline was considered
‘‘due’’ if there was no evidence in the laboratory sum-
mary sheet or paper chart to suggest that the action
recommended in the guideline had been done within
the prescribed time interval. In order to evaluate
compliance appropriately near the end of the pre-
scribed interval for clinicians who fulfilled a guide-
line recommendation shortly before the recom-
mended interval had expired, a guideline was also
considered ‘‘due’’ if the clinician complied with a
guideline (except for the monthly foot exam) within
one month of its ‘‘due date.’’ Because the time inter-
val for the foot exam was one month, the foot exam
was only considered ‘‘due’’ after the recommended
time interval had lapsed.

By relying on chart audits of every encounter to
evaluate compliance, we were able not only to detect
whether or not recommendations had been com-
pleted but also to assess a clinician’s intentions to
comply with the guideline recommendations. In con-
trast to studies that used limited chart audits (8–12),
we were able to expand the definition of compliance
to provide a more true reflection of a clinician’s be-
havior relative to the guideline recommendations.
Clinicians were considered compliant with a guide-
line if they performed the recommendation, com-
mented that the recommendation was scheduled to
be performed at a definite time in the future, or
stated why a guideline was not being followed (eg,
financial limitations). This latter criterion for com-
pliance accounted for less than 10% of the overall
compliance rates in either group. Clinician compli-
ance with Computer-Assisted Management Protocol
recommendations was evaluated only if diabetes
was assessed during the encounter in accordance
with the practice standards. The restriction of com-
pliance data to only encounters dealing with diabe-
tes was done to avoid requiring compliance with di-
abetes care guidelines during encounters in which
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the clinician was focused on other medical prob-
lems. This approach was felt to optimize a clinician’s
opportunity to be compliant with the standards. Di-
abetes was considered assessed if it was listed as a
problem heading in the encounter note, if it was
checked on the encounter form as a focus problem
for the visit, or if it was dealt with in any two of the
four components (subjective, objective, assessment
and plan) of a progress note not specifically address-
ing diabetes. Data from chart evaluations were re-
corded on audit forms and then entered into a rela-
tional database (Paradox, Borland International,
Inc., Scotts Valley, CA) for analysis.

Statistical Analysis
Clinician compliance rates were calculated as the

number of recommendations followed over the num-
ber of recommendations due during an encounter
and expressed as percent compliance. This defini-
tion of compliance focused on the recommendations
that needed to be completed and, thus, targeted the
measure most likely to be affected by the Computer-
Assisted Management Protocol. In order to provide
a more global sense of how well clinicians were fol-
lowing the diabetes care guideline, adherence with
the guidelines was also determined. Clinician adher-
ence rates were calculated as the number of rec-
ommendations that were completed by the end of an
encounter (ie, either done during the current en-
counter or done at previous encounters and not cur-
rently due) over the total number of recommenda-
tions. Adherence, thus, reflected the overall level at
which clinicians used the diabetes guideline recom-
mendations. Comparison of compliance rates and
adherence rates between the intervention and con-
trol groups was done with a two-tailed Wilcoxon
rank sum test. The Wilcoxon rank sum test was also
used to compare compliance rates by individual rec-
ommendation between groups. Total encounter
length was the time interval between the time when
a patient checked into the clinic and the time when
a patient checked out of the clinic. Encounter
lengths were not available for encounters that were
not processed at the actual time when the patient
was registering in or checking out of the clinic. Com-
parison of encounter lengths between groups was
done using a t-test.

RESULTS
Derivation of Compliance Data

Initially, 497 patients were identified for possible
inclusion in the study based on a listing of diabetes
on their electronic problem list and on having at least
one encounter during the study period with a clini-
cian enrolled in the study. Four hundred eighty-three
charts (97.2%) were available for auditing. In 81 of

the audited charts (16.8%), the diagnosis of diabetes
incorrectly appeared on the patient’s electronic
problem list. Most of these incorrect diagnoses re-
flected errors in data entry, for example, coding
‘‘family history of diabetes’’ (#250) as ‘‘diabetes’’
(#91) modified by ‘‘family history of.’’ Forty-three pa-
tients (8.9%) were not followed primarily for diabe-
tes at Duke Family Medicine Center. These charts
were excluded since clinicians may have felt no ob-
ligation to comply with diabetes care guidelines for
patients who were followed for diabetes by another
practitioner such as an endocrinologist. Every en-
counter in the remaining 359 charts that occurred
during the study period with a study clinician was
assessed for compliance with guidelines. This pro-
cess resulted in 1,265 encounters audited. In 884 of
these encounters (70%), diabetes was addressed. Pa-
tients seen by clinicians in the intervention and con-
trol groups did not differ significantly by age, race,
or gender.

Because inclusion of the Computer-Assisted Man-
agement Protocol on the encounter form was based
on the clinician scheduled to see the patient, the po-
tential existed for contamination between groups if
the patient saw a different clinician. In none of the
four encounters in which contamination occurred
was diabetes assessed. Therefore, the data from
these encounters were not included in the analysis
of clinician compliance.

Four encounters were insufficiently documented
in the chart (eg, a dictated progress note that was
lost) to evaluate adequately the clinician’s compli-
ance during the visit. Three of these encounters in-
volved clinicians in the intervention group, and one
involved a clinician in the control group.

Identification of Eligible Clinicians
Based on the predefined criteria for minimum ex-

posure to diabetic patient care, 16 clinicians of the
intervention group and 14 clinicians of the control
group qualified for further evaluation. The extent of
exposure of providers to patients with diabetes mel-
litus and to encounters in which diabetes was as-
sessed is shown in Figure 3. The level of training in
each of the study groups was similar. The interven-
tion group consisted of 11 faculty members, 2 third-
year residents and 3 second-year residents. The con-
trol group consisted of 9 faculty members, 3 third-
year residents, and 2 second-year residents.

Comparison of Compliance Rates
A comparison of the compliance rates for qualified

clinicians from both the intervention and control
groups for all recommendations during the study is
depicted in Figure 4. The clinicians receiving the
diabetes Computer-Assisted Management Protocol
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Figure 3. Clinician exposure to diabetes care. Solid diamonds rep-
resent clinicians in the intervention group. Open squares represent
clinicians in the control group. Clinicians meeting the minimal expo-
sure criteria lie within the rectangle.

Figure 4. Effect of the computer-assisted management protocol on
clinician compliance. Rectangles encase the 25th to 75th percentile
for each group. The heavy vertical line inside each rectangle repre-
sents the group median. The horizontal lines capped with vertical
cross bars delineate the range of values for each group. CAMP Å
computer-assisted management protocol.

Figure 5. Effect of the computer-assisted management protocol on
clinician adherence. Rectangles encase the 25th to 75th percentile
for each group. The heavy vertical line inside each rectangle repre-
sents the group median. The horizontal lines capped with vertical
cross bars delineate the range of values for each group. CAMP Å
computer-assisted management protocol.

had a statistically significant greater median level of
compliance than the clinicians not receiving the
Computer-Assisted Management Protocol (P Å 0.01,
two-sided). The median adherence rate of the clini-
cians receiving the Computer-Assisted Management
Protocol was also statistically significantly higher

than the median adherence rate for the control cli-
nicians (P õ0.01, two-sided). The comparison of
guideline adherence is shown in Figure 5. Compli-
ance rates by individual recommendation are shown
in Table II. Statistically significant differences were
detected for the physical examination, the urine pro-
tein determination, and the cholesterol level. While
the remaining recommendations failed to achieve
statistical significance, they all showed a trend of in-
creasing for the group receiving the intervention.

Effect of the Computer-Assisted Management
Protocol on Encounter Length

Total encounter length was calculated for the 1002
(79.3%) encounters with any of the 58 primary care
clinicians for which a time was recorded electroni-
cally as patients registered at and departed from
Duke Family Medicine Center. No statistically sig-
nificant difference existed between the mean length
of encounters during which the Computer-Assisted
Management Protocol was and was not supplied (P
ú 0.1) (95% confidence interval: 05.9 to 8.8). In con-
trast, a 10-minute increase was observed during en-
counters in which diabetes was assessed (93 { 58
minutes) as compared with encounters in which di-
abetes was not assessed (83{ 62 minutes) (PÅ 0.02,
two-sided) (95% confidence interval: 1.6 to 18.5).

DISCUSSION
The Computer-Assisted Management Protocol sig-

nificantly improved clinician compliance with care
guideline recommendations for diabetes. This find-
ing demonstrates that a clinical practice guideline
can be used to assist directly with patient manage-
ment and validates the Computer-Assisted Manage-
ment Protocol as a tool to assist clinicians in the
management of diabetes mellitus by integrating med-
ical knowledge at the point of care. While this study
has shown that the Computer-Assisted Management
Protocol can improve the process of care delivery
for diabetic patients by using a practice guideline,
the study does not measure outcomes. A tool such
as the Computer-Assisted Management Protocol
could be used to facilitate the direct evaluation of
guidelines for diabetes care on patient outcomes.

Despite the statistically significant difference be-
tween the experimental and control groups, the
overall compliance rate even with the Computer-As-
sisted Management Protocol was still low. Informal
questioning of Computer-Assisted Management Pro-
tocol recipients revealed that the Computer-Assisted
Management Protocol recommendations were
neglected because of time constraints, an over-
whelming amount of other clinical information to
process, insufficient time to document an interven-
tion that was performed outside of the practice (oph-
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TABLE II
Group Compliance by Computer-Assisted Management Protocol Recommendation

Recommendation Group
Number of
Instances*

Median %
Compliance P Value

Foot examination control 31 30.0 P ú0.1
intervention 43 55.6

Complete physical examination control 255 6.7 P Å 0.05
intervention 211 33.3

Chronic glycemia monitoring control 164 52.8 P ú 0.1
intervention 167 57.4

Urine protein determination control 162 3.9 P Å 0.01
intervention 117 73.3

Cholesterol level control 163 13.4 P õ0.02
intervention 130 43.7

Ophthalmologic examination control 227 3.2 P ú0.1
intervention 181 18.8

Influenza vaccination control 197 22.7 P ú0.1
intervention 183 29.2

Pneumococcal vaccination control 244 0.0 P ú0.1
intervention 200 19.8

* Number of instances denotes the number of times that a recommendation was due.

thalmologic examination), an intervention was po-
tentially painful or dangerous to a patient
(pneumococcal vaccination), or because the rec-
ommendations were not considered appropriate for
a given patient. These observations demonstrate that
the Computer-Assisted Management Protocol in its
current form is not the complete solution for im-
proving compliance with clinical guidelines. The
Computer-Assisted Management Protocol, like its
computer-generated reminder predecessors, was
still subject to neglect by clinicians. The adaptation
of the diabetes guidelines to achieve consensus prior
to implementation minimized the impact of disagree-
ment with guideline recommendations on compli-
ance.

On a more favorable note, the overall rate at which
clinicians followed the diabetes guidelines rose
above 50% with the introduction of the Computer-
Assisted Management Protocol. While still allowing
room for further improvement, the Computer-As-
sisted Management Protocol significantly enhanced
utilization of the diabetes care recommendations. Ul-
timately, overall adherence to guideline standards
will be the parameter by which the performance of
a health care organization will be evaluated.

When the effect of the Computer-Assisted Man-
agement Protocol on individual recommendations
was analyzed, the Computer-Assisted Management
Protocol showed a trend of improved median com-
pliance for all of the recommendations. The differ-
ence between groups, however, was only statistically
significant for 3 of the 8 recommendations. Failure
to detect statistically significant differences for 5 of
the recommendations is in part due to the wide vari-
ation among compliance rates of individual clini-

cians in the same group and to the lack of statistical
power derived from the relatively small sample size
of each group.

The number of clinicians (55% of the intervention
group and 48% of the control group) fulfilling the pre-
defined requirements for exposure to diabetic pa-
tients was less than initially anticipated. These
smaller numbers are due in part to the disqualifica-
tion of some patients because they were wrongly la-
beled as diabetic or were primarily followed for di-
abetes at another facility. While exposure criteria
limited the sample size, these criteria were necessary
to assure that the compliance rate accurately re-
flected a clinician’s true practice pattern. Since the
factors limiting the number of qualifying clinicians
applied equally to both the intervention and control
groups, there is no evidence to suggest introduction
of bias at this level. Since this project was consid-
ered an extension of routine quality assurance activ-
ities for the practice, neither group of clinicians was
aware that their compliance with diabetes care
guidelines was being specifically monitored. Conse-
quently, the Hawthorne effect was not considered to
have had an impact on the study’s findings.

A potential source of bias in this study was the
inability to blind the chart auditor to the assignment
group of each clinician. While clinician assignment
was not available to the auditor during the auditing
process, the auditor could deduce from some pro-
gress notes which clinicians were following the
Computer-Assisted Management Protocol recom-
mendations. The use of the standardized audit
protocol and the a priori definition of compliance
were designed to assure that each chart was audited
in the same fashion and, thus, minimize any ten-
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dency of the auditor to score compliance higher in
the intervention group.

Encounter length, calculated as the difference be-
tween check-in and check-out times, serves only as
a crude measurement of the length of time a clinician
spent with a patient. A statistically significant differ-
ence in encounter length was noted only between
visits when diabetes was addressed and when dia-
betes was not addressed regardless of whether the
Computer-Assisted Management Protocol was avail-
able. This increased encounter length could be
attributed to extra time spent managing the diabetes.
The lack of difference between the encounter length
of intervention and control clinicians indicates that
the Computer-Assisted Management Protocol did
not unduly prolong encounter length. If there were
time savings from the use of the Computer-Assisted
Management Protocol, these time savings may have
been masked by an increased amount of patient time
spent having studies performed.

The findings in this study are also limited because
the Computer-Assisted Management Protocol was
developed and evaluated for only a single guideline
in an academic primary care practice. To validate the
Computer-Assisted Management Protocol approach
further, Computer-Assisted Management Protocols
should be created from additional clinical guidelines
and Computer-Assisted Management Protocol effec-
tiveness should be evaluated in a variety of clinical
settings. Even though the focus of this study was
diabetes mellitus, the Computer-Assisted Manage-
ment Protocol provides a framework though which
guidelines for other diseases could be implemented.
The structure of the Computer-Assisted Manage-
ment Protocol decision support system can accom-
modate guidelines with branching logic; however,
because the Computer-Assisted Management Proto-
col program is run prior to the patient encounter and
presents its recommendations via paper encounter
forms, the Computer-Assisted Management Protocol
currently only supports guidelines for which the data
on which the guideline logic is based is already
stored in a patient’s electronic medical record. Ad-
ditional modifications to the implementation of the
Computer-Assisted Management Protocol would be
required to enable the Computer-Assisted Manage-
ment Protocol to support real time data entry to tra-
verse guidelines with branching logic based on data
input during a patient encounter.

Another study limitation is the persistence of data
‘‘recording errors’’ arising from the discrepancy be-
tween data contained in the paper chart and data in
the electronic patient record. As a consequence,
false positive recommendations were made because
the Computer-Assisted Management Protocol was
uninformed about studies/procedures which were

documented exclusively in the paper medical record.
In spite of these persistent inaccuracies of the sys-
tem, the Computer-Assisted Management Protocol
still produced a significant change in clinician com-
pliance with the diabetes care guideline. These re-
cording errors will decrease as more clinical data is
capture electronically. Fewer false positive recom-
mendations should increase user confidence in the
system which may serve to further boost compli-
ance.

As the focus of the health care system shifts from
a specialist-based, private payer system to a primary
care-based, managed care environment, the primary
care clinician will be expected to see an increasing
volume of patients and master an increasing breadth
and depth of medical knowledge. Primary care cli-
nicians who use computers to implement care stan-
dards for specific diseases may deliver higher quality
health care.

Future technological advances could further en-
hance the use of Computer-Assisted Management
Protocols. Development of a computerized patient
record that is used interactively during the patient
encounter would allow direct prompting of the cli-
nician during the clinical encounter.27 Requiring a re-
sponse and enabling the clinician to comply easily
(eg, automated ordering of a recommended test)
could be used to enhance compliance further.28

In summary, we have demonstrated that the Com-
puter-Assisted Management Protocol can assist cli-
nicians in the management of patients with diabetes
mellitus by improving compliance with care stan-
dards. Use of the Computer-Assisted Management
Protocol did not significantly prolong encounter
length. In the future, Computer-Assisted Manage-
ment Protocols may become a tool to enhance the
quality, efficiency, and cost-effectiveness of health
care delivery.
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