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Different Protocols Generate Varia-
tions in Systolic Blood Pressure Re-
sponse After Exercise in Patients With
Coronary Artery Disease
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Some patients with coronary artery disease (CAD) and exercise-induced myocardial ischemia demon-
strate no change or a paradoxical increase in systolic blood pressure (SBP) during recovery following
exercise. Previous studies have investigated the significance and clinical usefulness of analysis of recov-
ery SBP response in detecting CAD, but conflicting data have been reported. Different protocols were
used for the time of SBP recording and either bicycle or treadmill testing. We studied the exercise re-
sponse in 64 male patients investigated for CAD who underwent symptom-limited treadmill stress testing
during electrocardiographic monitoring and serial recording of blood pressure. Forty-three patients
showed one or more stenoses of at least 70% at angiography (CAD). Twenty-one patients with normal
coronary tree or slight lesions served as controls. The sensitivity (true positive/all CAD patients), specific-
ity (true negative/all CAD-free patients), and the correct classification rate (correct diagnoses/all subjects)
were assessed by standard ST segment analysis and two recovery SBP ratios calculated by dividing the
first minute recovery SBP by the immediate postexercise value (RR/R) or by the true peak exercise value
(RR/P). ST segment analysis achieved 53% sensitivity, 57% specificity, and 54% correct classification,
the RR/R ratio achieved 73%, 23%, and 60%, and the RR/P ratio 53%, 71%, and 59%, respectively.
There were significant differences in results using these ratios. Time of SBP recording generated discrep-
ancies in recovery SBP ratios. Therefore, differences in the timing of SBP measurement may generate
conflicting clinical indications.
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INTRODUCTION

Systolic blood pressure (SBP) in some patients
with coronary artery disease (CAD) does not de-
crease or paradoxically increases during recovery
following treadmill exercise in contrast to normal
individuals®. The SBP recovery ratio calculated by

coronary artery disease,

ischemia (myocardial)

dividing the first and third minutes recovery SBP
values by the immediate post-peak exercise values
has a high predictive accuracy for detecting CAD".
However, studies have demonstrated different re-
sults introducing uncertainty about the clinical use-
fulness of SBP recovery ratio for clinical use>. We
recently suggested that the timing of SBP recording
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might be a possible source of the variation in re-
ported results®. We demonstrated different clinical
indications of two ratios (calculated using early
postexercise or peak exercise values) after upright
bicycle exercise testing®.

To confirm this hypothesis, we investigated the
timing of SBP evaluation (peak exercise or immedi-
ately postexercise) using the treadmill test in pa-
tients with suspected CAD. The two evaluated SBP
recovery ratios were compared to standard ST seg-
ment analysis.

METHODS

Study population

We evaluated 64 patients with chest pain syn-
drome. Twenty of them had suffered a previous
myocardial infarction. Forty-three showed one or
more major coronary stenoses of at least 70% at
angiography. Twenty-one showed a normal coro-
nary tree or minimal irregularities. None of them
had received any drug treatment for at least one
week at time of study.

Treadmill stress testing

The patients underwent symptom limited tread-
mill stress testing with a modified Bruce protocol.
Exercise was interrupted if at least 2 mm ST depres-
sion with or without angina, exhaustion or an SBP
fall (at least 20 mmHg) occurred. After exercise
subjects walked at 1.6 mph and 0° grade during 2
minutes and then were seated under continuous
electrocardiographic monitoring. Blood pressure
was measured by a fully trained cardiologist accord-
ing to a standard protocol*”. Blood pressure was
measured without connection of the arm with the
treadmill to minimize noise. Auscultatory measure-
ments were performed using a mercury sphygmo-
manometer at rest, every minute during exercise,
and every thirty seconds during strenuous exercise
in all patients just before stopping, immediately af-
ter exercise, and every minute during recovery. We
used the Borg scale'® for estimation of exercise per-
ceived exertion to assess the intensity of exercise.
The test was performed according to the recommen-
dations of Ellestad? to improve the accuracy of
electrocardiography (ECG) and blood pressure
monitoring.

Data analysis
Data shown are mean = standard deviation (SD).

Comparison between patients was performed by the
t-test for unpaired samples. ST segment analysis
was performed according to standard methods?.
The RR/R ratio was calculated as the first minute
recovery SBP divided by the immediate postexer-
cise value. The RR/P ratio was calculated by divid-
ing the first minute recovery SBP by the peak exer-
cise value. The abnormal response was defined as
unchanged or paradoxically increased SBP recov-
ery value compared to exercise (postexercise or
peak exercise value)". A value of one or more for
both RR/R and RR/P ratios was an abnormal result.
The sensitivity (true CAD patients with positive
test/all CAD patients), specificity (true CAD-free
subjects with negative test/all CAD-free subjects)
and correct classification rate (CCR) (correct diag-
noses/study population) were calculated for ST seg-
ment analysis and both RR/R and RR/P ratios.

RESULTS

Estimated METS during exercise were 8.9+ 1.1
in controls and 4.9 % 1.1 in CAD patients (p<0.05).
Peak exercise heart rate was 149116 bpm in con-
trols and 122 £20 bpm in CAD patients (p<0.01).
SBP at peak exercise was 181127 mmHg in con-
trols and 172£25 mmHg in CAD (not significant).
Immediate postexercise SBP was 17020 mmHg
in controls and 172+21 mmHg in CAD (not sig-
nificant). After the first minute during recovery SBP
was 165+30 mmHg in controls and 167127
mmHg in CAD (not significant) (Fig. 1).

ST standard analysis identified CAD in 23/43
(53%) and a false positive response was observed in
9/21 (42%) controls. Sensitivity was 53% and
specificity was 57% (Fig. 2). An abnormal RR/R
ratio was observed in 34/43 CAD patients (79%)
and in 16/21 controls (76%). Sensitivity was 73%
and specificity was 23%. The RR/P ratio was ab-
normal in 23/43 CAD patients (53%) and in 6/21
controls (28%). Sensitivity was 53% and specific-
ity was 71% (Fig. 2).

DISCUSSION

Evaluation of blood pressure response may be
useful to identify a flat or hypotensive exercise re-
sponse in patients with cardiac dysfunction or se-
vere CAD. Amon et al” observed no change or a
paradoxical rise of SBP postexercise in some pa-
tients with CAD. They suggested an abnormal SBP
ratio was a highly useful clinical tool for detecting
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Fig. 1 Systolic blood pressure at rest (Rest), at peak exercise (Peak), immediately post exercise (Post) and after first minute
of recovery (Rec 1) in controls (open columns) and patients with coronary artery disease (hatched columns)
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Fig. 2 Sensitivity, specificity and correct classification rate of ST segment analysis (ST), RR/R ratio, and RR/P ratio

CADP". However, Ellestad?, using a treadmill, did
not confirm these results. Acanfora et al® and
Romano et al*™®, using bicycle exercise with differ-
ent timing of SBP recordings, found the clinical
usefulness was less than that of standard ST. In
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1988 we® found that SBP response detected CAD
with low sensitivity and high specificity, suggesting
a supporting role to ST analysis. We focused on dif-
ferent protocols to explain the discrepancies in the
literature, and demonstrated that SBP response was
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characterized by high SBP ratio in patients with hy-
pertension® (affecting the clinical usefulness), in
women vs men”, and in controls with exercise-in-
duced ST segment depression without CAD?.

Using the treadmill, we confirmed the doubts of
Ellestad® about a significant difference between the
mean value of SBP ratios in CAD patients vs con-
trols®. We suggested that the use of true peak exer-
cise SBP or the value recorded immediately after
stopping exercise as the peak SBP value may gener-
ate a reliable difference in results using upright bi-
cycle exercise®. In contrast, Miyahara et al® using
supine bicycle exercise confirmed the results by
Amon et alV. Tsuda et al'” using the treadmill and
an artificial cut off point for analysis claimed that
postexercise SBP ratio could reliably detect CAD in
patients with hypertension.

The present study used a treadmill and recovery
walking time. Peak exercise SBP was investigated
using different timing of recording as previously
proposed®. In this study, however, we did not use
different standards for each approach for evaluating
the standard 2SD criteria. Our basis was the clinical
observation of Amon et al", so no change or a para-
doxical rise was considered as an abnormal re-
sponse. Despite the different results, we agree about
the clinical usefulness of analyzing this phenom-
enon, related probably to blunted SBP rise during
test® and restored myocardial function after exer-
cise'” almost only in multivessel CAD*".

- The use of early postexercise SBP as the peak
value (RR/R) gave data quite similar to the results
by Ellestad”?. We observed many controls with an
abnormal SBP response. In contrast, the use of the
true peak exercise SBP (RR/P) (affected by prob-
lems in detecting the value accurately) decreased
the incidence of false positive responses in controls.
As previously suggested*®, the SBP declines rap-
idly after exercise was discontinued, so that in con-
trols early postexercise SBP was frequently similar
to the first minute recovery value. In CAD patients
the peak exercise vasodilation restores failing stroke
volume, so that SBP may restore rapidly after exer-
cise was discontinued. Therefore, in our opinion,
the differences between controls and CAD patients
may be discovered using true peak exercise SBP.
Early postexercise SBP minimizes the differences
between the two groups.

We have used both bicycle and treadmill proce-
dures*>”¥_In both cases we aimed to avoid a change

of posture after exercise as in other studies'*'?.
Changing the posture changes the firing of barore-
ceptors after exercise. Therefore, there are conflict-
ing data, particularly in hypertensive patients, be-
tween our experience® and that of another labora-
tory!?.

The present study supports our previous data on
upright bicycle exercise with variations related to
different population, prevalence of CAD, and
postexercise sitting position on the bicycle vs walk-
ing treadmill recovery. This study did not investi-
gate strictly the clinical usefulness of SBP response
but attempted to facilitate the interpretation of dif-
ferent data. Amon et a/” used immediate postexer-
cise SBP as the peak value and sitting recovery
posture. Ellestad® probably used true peak SBP
data and supine recovery position. Tsuda er al'®
did not clearly report their protocol, but possibly
used supine for both immediate postexercise and
recovery. In our opinion the timing of recording
SBP at or after peak exercise and use of walking,
sitting or supine position during recovery can gener-
ate important differences in clinical indications
based on the SBP recovery ratios.
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