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Does Ergometric Stress Test Induce a Procoagulative Condition in Patients

with Previous Myocardial Infarction?

M. DE ScaLz1, M.D., D. RAFANELLI, M.D.,* V. DE LEONARDIS, M.D., A. BEcuccl, M.D., S. CINOTTI, Ph.D. (Biol.),*
E. FILIMBERTI, Ph.D. (Biol.),* G. LONGO, M.D..,* C. LUSINI, M.D., L.. BRARDI, M.D., P. CINELLI, M.D.

Istituto di Clinica Medica IV, Universita degli Studi di Firenze and *Divisione di Ematologia, Florence, Italy

Summary: A regularly scheduled physical training pro-
gram seems to have antithrombotic effects. Moreover, the
hemostatic changes occurring in patients with coronary
artery disease during acute exercise have not been clearly
elucidated. Since stress testing is routinely performed in
clinical cardiology, it would be helpful to assess whether
patients with coronary artery disease are exposed to acute
coronary thrombosis during or soon after sustained phys-
ical exercise. This study was designed to evaluate the ef-
fect of acute physical exercise (stress test by bicycle er-
gometer) on blood coagulation in a group of patients with
previous myocardial infarction, and to determine whether
the antithrombotic therapy commonly administered favora-
bly influences hemostatic equilibrium. Our results sug-
gest that exercise testing is not harmful to patients with
previous myocardial infarction in regard to hemostasis and
fibrinolysis and that antithrombotic therapy reduces
postexercise increase in platelets.
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Introduction

It has been reported that regularly scheduled physical
training appears to have antithrombotic effects. In fact,
physical conditioning activates fibrinolysis and decreases
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platelet aggregability.-* In spite of these data, studies on
the effect of stress test on blood coagulation and fibrinol-
ysis yielded conflicting results.5-!2 Particularly, the
hemostatic changes in patients with coronary artery dis-
ease during acute exercise are not clearly elucidated. Some
investigators suggested that the majority of patients with
myocardial ischemia show increased platelet activity and
decreased fibrinolysis at rest,'? whereas others were una-
ble to demonstrate such changes.®!4

Since sustained physical exercise is routinely performed
for clinical evaluation in cardiology, it would be helpful
to assess whether or not patients with coronary artery dis-
ease are exposed to acute coronary thrombosis during or
soon after stress testing.

This study was designed to evaluate the effect of acute
physical exercise on blood coagulation and fibrinolysis in
a group of patients with previous myocardial infarction
and to determine whether the antithrombotic therapy com-
monly administered to postinfarction patients favorably
influences the hemostatic equilibrium.

Materials and Methods

We studied 28 asymptomatic postinfarction male pa-
tients who gave full informed consent to undergo this
study. Thirteen patients (Group A) aged 48-75 (mean age
6119) had not taken any antithrombotic drug for 20 days.
Fifteen patients (Group B) aged 33-78 (mean age 55+13)
were under treatment with oral ticlopidine 250 mg/day and
subcutaneous calcium heparin 12,500 IU once a day. No
significant difference was demonstrated in age by ¢-test
between the two groups. Each subject underwent exer-
cise testing on a Siemens-Elema bicycle ergometer begin-
ning exercise at 25 W. The workload was increased by
25 W every 3 min until either the theoretical maximal heart
rate was reached or until the onset of symptoms or elec-
trocardiographic changes indicative of effort-induced my-
ocardial ischemia, or until fatigue. Lead Vs of the elec-
trocardiogram (ECG) was monitored continuously during
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the exercise and during the first 10 min of recovery. Blood
pressure and a 12-lead ECG were recorded at rest and eve-
ry 2 min up to the 10th minute of the recovery period.
Blood was collected at rest, just before exercise, and at
peak exercise. A separate venipuncture with a 19-gauge
needle was used for each sample. Only direct venipunc-
ture with smooth and rapid withdrawal of blood was con-
sidered acceptable, otherwise the needle was removed and
a new needle used to perform another venipuncture. Blood
samples were discarded if a hematoma developed at the
venipuncture site during blood withdrawal. After discard-
ing the first milliliter, the blood was collected into
precooled tubes and then immediately placed in crushed
melting ice.

Hemostasis and coagulation have been assessed by the
evaluation of the following parameters: platelet count,
beta-thromboglobulin (3TG), plasminogen, prothrombin
time (PT), activated partial thromboplastin time (APTT),
Factor VIII coagulant (VIII.), Factor VIII-related antigen
(VIR pg), fibrinogen, Factor V, Factor VII, C protein,
antithrombin III (ATII), and fibrinopeptide A (FPA).
VIII, activity was assessed by the one-stage method.!s
VIR 5g dosage was carried out with a quantitative elec-
troimmunoassay method.'¢ Factor V and Factor VII were
assayed by one-stage assay. Fibrinogen was measured ac-
cording to Clauss.!” FPA dosage was performed with a
radioimmunoassay kit supplied by Mallinckrodt (St.
Louis, MO).!® ATIII was assayed using a synthetic chro-
mogenic peptide substrate (8-2238, Kabi Diagnostica).'®
Plasminogen dosage was carried out with chromogenic
peptide substrate method (88-2251, Kabi Diagnostica).2?
Plasma 8TG was assayed on platelet-poor plasma collected
with the anticoagulant mixture supplied by Radiochemi-
cal Center Amersham in accordance with the method of
Bolton ez al. 2! Results were analyzed by multivariate anal-
ysis of variance (MANOVA).

Results
Stress Test

Only two Group A patients experienced exercise-
induced ischemia showing a flat or downsloping ST-
segment depression (>2mm) 0.08 s or larger after the J
point on the ECG. The remaining 26 terminated the test
because of leg pain or fatigue. The duration of exercise
was similar in the two groups. The peak heart rate
achieved during exercise was 137425 for Group A and
129426 for Group B (difference not significant). The
rate—pressure product at peak exercise was 23,811 +5,830
for Group A and 23,602 15,372 for Group B (difference
not significant).

Hemostasis and Fibrinolysis

The data for each parameter are shown in Table I,
whereas statistically significant changes in blood coagu-
lation and fibrinolysis demonstrated by MANOVA are
summarized in Table II.

Baseline values. As expected, patients receiving an-
tithrombotic therapy showed significantly longer APTT,
higher plasminogen and ATIII levels, and significantly
lower FPA values. It is interesting that even though treated
with antithrombotic therapy they did not show lower lev-
els of BTG.

Peak exercise values. At peak exercise, PT and APTT
were significantly shorter whereas fibrinogen, ATIII, plas-
minogen, and platelet number were significantly higher
than before exercise for all the subjects studied.

Interaction between therapy and exercised. Patients
receiving antithrombotic therapy showed a lesser increase
in platelet number after stress testing than patients without
therapy. This was the only significant effect of therapy

TaBLE I Summary of the parameters evaluated before and after exercise

Group A Group B

Parameter Before After Before After
PT (s) 1442 13+2 14+2 1442
APTT (s) 38+6 36+4 4319 4016
Fibrinogen (mg/dl) 315472 338467 316+79 331499
Plasminogen (%) 92413 101 +19 106 +24 119427
VII C (%) 136 +45 153454 163171 188+ 58
VII (%) 94119 97+ 15 93417 92425
V (%) 81414 82+11 73+19 74+13
BTG (ng/ml) 89+92 75+62 894147 79+48
FPA (ng/ml) 21438 20420 6+7 615
PC (%) 101422 108 +22 116125 114423
AT I (%) 98418 105421 113422 120+19
PLT (x103/mm?) 270.6+68.3 300.5+62.6 287.7+67.3 301.4+66

Group A: Subjects without therapy; Group B: Subjects with therapy. All values expressed as mean+SD.
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TaBLE 1I Summary of the statistical analysis by MANOVA

Main effect

Main effect

Parameter (therapy) (exercise) Interaction
PT NS p<0.05! NS
APTT p<0.051 p<0.05! NS
Fibrinogen NS p<0.05t NS
Plasminogen p<0.05t p<0.0011 NS
FPA p<0.05! NS NS
AT IIT p<0.05t p<0.05t NS
PLT NS p<0.0011 p<0.05°

“Significantly lesser increase after exercise in patients receiving antithrombotic therapy.
Only parameters with at least one significant difference have been included in the table. ! =Increased value; | =decreased value.

on the parameters evaluated at peak exercise demonstrat-
ed by MANOVA.

The hemostatic and coagulative response of the two pa-
tients experiencing ischemic changes of the ECG during
the stress test parallelled that of the remaining patients.

Discussion

Myocardial ischemia, severe arrthythmias, and even sud-
den death induced by acute exercise, are well document-
ed.?2-2¢ Experimental and clinical data suggest that plate-
lets may contribute to these adverse clinical events.282%
In fact, autopsy examinations showed platelet aggregates
in the coronary circulation.? On the other hand, to our
knowledge, there is no agreement among authors about
the effect of acute strenuous exercise on blood coagula-
tion and fibrinolysis both in patients with coronary artery
disease and in healthy subjects. Increased release of the
tissue plasminogen activators without significant changes
of the inhibiting factors could account for enhanced
fibrinolysis after strenuous exercise. It has been demon-
strated that short-term vigorous exercise is capable of in-
creasing platelet concentration in peripheral venous
blood.3'-3* Furthermore, a postexercise rise in ADP-
induced aggregation, 8TG, and fibrinogen levels and a
decrease in PT and APTT have been documented in nor-
mal subjects.? It has been demonstrated that following ex-
ercise, the dynamic equilibrium between hemostasis and
fibrinolysis changes in the direction of an increased clot-
ting tendency and that physical fitness seems to enhance
the rate of fibrinolysis.” The results of our study indicate
that stress testing activates both clotting tendency and
fibrinolysis. No significant difference in the parameters
evaluated was found between those two subjects who
showed ischemic response to stress testing and the remain-
ing patients with coronary artery disease. Our findings sug-
gest that exercise testing for the assessment of patients
with coronary artery disease does not seem to affect
hemostasis and coagulation negatively. In fact, we ob-
served both enhanced (see the behavior of APTT, PT,
fibrinogen, and platelet count in Table II) and decreased

blood clotting tendency (see the behavior of ATIII, plas-
minogen in Table II). On the other hand, the enhanced
blood clotting tendency was not linked to increased FPA
levels, a commonly considered index of fibrin formation.
Likely, the increased ATIII activity induced by exercise
is responsible for the nonincrease in fibrin formation. In
fact, ATIII is the primary plasma inhibitor of blood coagu-
lation enzymes and is a member of a large superfamily
of related proteins that includes several serine proteinase
inhibitors.?* One more evidence that stress testing does
not induce fibrin formation is the fact that we did not de-
tect increased levels of activated C protein (a thrombin-
activated glycoprotein). Perhaps the rare occurrence of ad-
verse events as ventricular fibrillation and sudden death
during or soon after stress test might be due to the lack
of fibrin formation as documented by low levels of FPA.
These adverse events could not be related to changes of
the hemostatic balance or, if related, could be due to a
severe pre-exercise impairment of the hemostasis.

In basal conditions, therapy with ticlopidine and hepa-
rin does not influence BTG values and platelet count, but
enhances plasminogen and decreases FPA levels, show-
ing a protective antithrombotic activity in patients with
coronary artery disease. The fact that ticlopidine does not
affect plasma levels of 3TG is not new. In fact, in a previ-
ous article we demonstrated that ticlopidine is effective
in inhibiting platelet aggregation, but not in inhibiting
platelet-release reaction as demonstrated by unchanged
levels of BTG even after 30 days of treatment at the daily
dose of 250 mg.*® FPA is a product of proteolysis of
fibrinogen by thrombin; its significantly lower levels found
after antithrombotic therapy reduce blood clotting tenden-
cy. We confirmed the already well-documented increase
in circulating platelets after maximal exercise.3'-3* Several
authors claim and other deny that exercise activates plate-
lets.36-4! The findings of this study are consistent with data
suggesting that exercise does not affect platelet activity,
as demonstrated by the nonincrease in BTG levels. It is
hard to explain why therapy with heparin and ticlopidine
reduces the increase of platelet count after physical exer-
cise. Further studies are needed to confirm this observa-
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tion suggesting new evidence for the use of these drugs
in the secondary prevention of ischemic disease.
All in all, our findings suggest that stress testing does

not

seem to be harmful to patients with regard to hemosta-

sis and fibrinolysis and that antithrombotic therapy im-
proves hemostatic function in basal conditions and posi-
tively affects the hemostatic balance in postinfarction
patients who undergo stress test.
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