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The Office for Family Practice began in-office graded exercise
testing utilizing the Bruce or Balke protocol in March of 1978.
Over the past six years approximately 275 graded exercise
tests have been done. The purpose of this paper is to outline
the indications, results, complications, and follow-up of those
patients who have had graded exercise testing done in the
office over this six-year period. These results demonstrate (1)
the various indications and utilization of a treadmill machine in
the family practice office setting, (2) the results of graded
exercise testing and complications in those graded exercise
tests done in the office in comparison with those reported in
the literature done by other health care providers, and (3) the
usefulness and applicability of graded exercise testing in the
residency training and private practice setting. In addition to
the above-collected data, the results of a questionnaire sent to
former residents show the benefits of having training in graded
exercise testing and also the applicability of this training in
their practice settings. The results support the concept that
graded exercise testing should be taught in the residency pro-
gram and that this can be done both safely and effectively in
the model office setting.

Graded exercise testing has been utilized at
least as early as 19281 and then further defined
specifically for detection of coronary artery dis-
ease in 1941 by Master and Jaffe.2 Refinements
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were made in technique until the classic work of
Bruce in 19563described the protocol that is cur-
rently most frequently used for conducting graded
exercise testing.

In 1978 at the suggestion of one of the authors
(G.E.B.), a treadmill machine was purchased for
the residency program (1) to train residents in the
office setting as to the indications and methods of
graded exercise testing under family physician
faculty supervision, and (2) to provide the neces-
sary training to allow the residents to conduct their
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Table 1. Profile for 275 Patients Undergoing
Graded Exercise Testing

Per-
Patients Number centage
Male 201 731
Female 74 26.9
Age range (years) 26-80
Average age, male 47.8
Average age, female 50.3
Indications
Chest pain 62.9
Other pain 9.0
Known coronary artery 9.9
disease
Shortness of breath 6.2
Arrhythmia 4.7
Other 7.3
Positive studies 62 225
Negative studies 208 75.6
Equivocal results 5 18

own graded exercise testing after they have
finished their training program in family medicine.
To date 60 family practice residents have been
trained in graded exercise testing.

Methods

To ascertain the number of graded exercise
tests conducted from March 1, 1978, through Feb-
ruary 29, 1984, records of all 275 patients who
were tested in that period of time were reviewed.
All patients were exercised on a Burdick TMS 300
(The Burdick Corporation, Madison, Wisconsin)
utilizing the Blake et al4 or Bruce protocol.5The
charts were reviewed to determine the outcome of
graded exercise tests and to record the variables
listed in Table 1 A subset of charts of this group of
275 patients, those with positive tests, were also
reviewed, and again several variables were noted
and comparisons made (Table 2).

The third area evaluated in this study was nega-
tive examinations. Negative examinations ac-
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counted for 208 tests (75.64 percent). The results
of the false-negative tests and variables evaluated
are displayed in Table 3.

The fourth area evaluated was a questionnaire
that was sent out to the 60 residents who finished
the program (from June 1979 to July 1983) and who
had graded exercise testing available during their
residency program. The purpose was to evaluate
the usefulness of this training to their practice.

Results

Of the total 275 patients, the majority of pa-
tients (73.09 percent) were male with an average
age of 47.8 years. The most common indication
was chest pain (62.0 percent). There were 62 posi-
tive graded exercise tests (a positive test was de-
fined as 1 mm of ST segment depression persisting
greater than 0.08 seconds). Of those patients with
a positive test, the average length of time of
follow-up from the time the test was done until the
patient left the practice or had no further follow-up
visits was 2.3 years (range one month to six years).
Nine patients had repeat graded exercise testing.
Through the use of radionuclide exercise testing or
angiography, five patients were found to have
false-positive tests, which accounted for 8.0 per-
cent (three had angiography and two had
radionuclide testing).

There were a total of 12 patients who had no
further cardiac evaluation after the positive test.
Three of these patients had graded exercise testing
as part of the State of Illinois Department of Dis-
ability Evaluation and had no follow-up after the
test was performed. Of the nine patients who had
no further testing or cardiology evaluation, all nine
were treated with antianginal medications. The
average time of follow-up for these nine patients
was two years. None of these patients had had any
acute ischemic events during their follow-up.

The negative studies revealed a false-negative
rate of 12,5 percent, which is less than what would
be predicted in review of the cardiology literature
where a 30 percent false-negative rate would be
expected in the presence of single-vessel
disease.69 In this study, however, the lower per-
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Table 2. Positive Graded Exercise Tests

Per-
Number centage

False-positive tests 5 8.0

(confirmed)
Average years of follow-up 23
Complications

Myocardial infarction 2 3.0
Patients with further 50 83.4

evaluation

(including cardiology con
suit or radionuclide scan
or angiogram)

centage probably represents some patients who
were lost to long-term follow-up. It was interesting
to note that for all 26 patients who had had false-
negative studies, the test was done for evaluation
of chest pain. Also, 85 percent of the patients who
had false-negative studies were male and only 15
percent were female. The average years of
follow-up were 2.9 years, which was similar to that
for the positive results (2.3 years). All 26 patients
were confirmed to have coronary artery disease
either with angiography or radionuclide study.

There were only two complications during the
six-year study period. Two patients had persistent
electrocardiogram changes after the graded exer-
cise testing, indicating injury. Both patients were
hospitalized directly from the office. Both patients
received angiography, one patient had emergency
bypass surgery done with a good outcome, the
second patient developed Q waves suggesting
myocardial infarction and was treated with medi-
cation.

Of the 60 questionnaires sent to former resi-
dents, 47 were returned for a response rate of 79.6
percent. Eight of the 47 former residents were
doing graded exercise testing in their office and 12
were doing graded exercise testing in the hospital
for a total of 20 residents currently utilizing graded
exercise testing actively in their practice (42.5 per-
cent). Of the 27 respondents who were not doing
graded exercise testing, 19 indicated that they
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Table 3. False-Negative Graded Exercise Tests

Per-
Number centage
False-negative tests 26 125
(confirmed)
Average years of follow-up 29
Indications
Chest pain 26 100
Male 22 85.0
Female 4 15.0

chose not to with no further explanation, 4 were
not doing it because they had no equipment avail-
able, and 4 were unable to obtain hospital
privileges. Of the 47 returned questionnaires, 45
indicated they felt training in graded exercise test-
ing was beneficial during their residency program,
and 2 indicated they found it of no benefit.

Discussion

In reviewing the literature, very little has actu-
ally been written on the role of the family physi-
cian doing graded exercise testing.510 Certainly
electrocardiography is taught as part of the core
curriculum in family practice residency programs,
as is the care for patients with coronary artery
disease. However, the diagnosis of coronary ar-
tery disease as a primary function of the family
physician has not been addressed in detail. One of
the purposes of this study was to look at a rela-
tively long-term experience of one residency pro-
gram utilizing graded exercise testing in an office
setting under the supervision of family medicine
faculty.

The actual outcome is very consistent with
what has been reported in the cardiology litera-
ture. A false-positive rate of 9.3 percent was
found, which compares with the 10 percent false-
positive rate as predicted in the cardiology
literature.69There were no significant arrhythmias
in this study.1l According to Bruce, in approx-
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imately one of 5,000 cases there would be a sudden
death from ventricular fibrillation.22 Two patients
sustained myocardial injury during graded exer-
cise testing, both of whom had documented severe
coronary artery disease, which was recognized
during the testing. Appropriate equipment, includ-
ing cardiac drugs and a defibrillator, was on hand
to deal with arrhythmias should patients develop
acute infarction.

The false-negative results were somewhat less
than the nationwide average as reported in the
cardiology literature, but this lower average prob-
ably reflects the unavailability of long-term
follow-up for a large percentage of the patients
who had negative studies.

The results of the usefulness of graded exercise
testing in the family practice office, based on
questionnaires from previous residents who had
been trained in its use, were encouraging in that 42
percent of those residents who answered the
questionnaire were currently utilizing graded
exercise testing in their private practice settings.
The overwhelming positive response indicates that
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