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Background: Exercise electrocardiography still
remains the cornerstone of non-invasive evaluation and is
almost uniformly performed after myocardial infarction
[1], nevertheless the prognostic value of residual ischaemia
is still controversial. (1,2) Our task was the design of the
prognostic system capable to pick up patients with high
risk of coronary death in 2 years time after MI, using
the data of early exercise testing.

PATIENTS and METHODS. The submaximal
exercise testing was performed within 3 weeks of acute
myocardial infarction (MI). Exercise tolerance was
assessed employing a bicycle ergom etry test as
recommended by ACC\AHA Exercise Testing Protocol
. Contraaindications to exercise testing absolute: within 2
days of myocardial infarction; an acute coronary syndrome
— without 48 h pain free ; severe aortic stenosis ; severe left
ventricular dysfunction; endocarditis, myocarditis,
pericarditis . Contraindications to exercise testing relative :
hypertension >200/110; hypertrophic cardiomyopathy with
outflow tract obstruction; high degree atrioventricular
block; electrolyte abnormalities; physical disability such as
claudication, arthritis or deformity ; other exertion limiting
conditions such as smoking related lung disease.[ 3, 4, 5 ].
Patients performed a symptom-limited, bicycle exercise
stress test ( 25 W incremental loading every 3 min ) .A 6-
lead ECG was continuously monitored throughout the test.
The occurrence of significant anginal pain , ventricular
tachycardia ,major conduction  abnormalities , ST
depression > 2mm,limiting symptoms ( such as dyspnoea,
dizziness, fatigue, cramp in legs , etc. ) an excessive
increase ( above 230 mm Hg) or decrease ( > 30 mm Hg )
in systolic blood pressure were regarded as interruption
criteria. Both ST depression in one or more leads
,excluding aVR and V one , and ST elevation in leads
without pathological Q waves were considered. The
presence of horizontal or downsloping ST depression at 1
mm measured 80 ms after the J point and of ST elevation
at 1 mm measured 40 ms after the J point were regarded as
positive criteria. Positive was defined as low-threshold if
occurring at workload <75 W (450 kgm/min ).

The occurrence of complications in the acute stage of
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myocardial  infarction ~was not considered a
contraindication for exercise testing. The major
contraindication was poor clinical condition of the patient
during the week preceding the testing: frequent or severe
anginal pains, rhythm and conduction disorders, the left
ventricular failure (LVF ). The safety of testing appears to
be related to proper patient selection. The main goal of
this work was to study correlation between the
complications in acute MI and the exercise testing
evidence early in the post-MI phase. The first study group
comprised 212 pts ( aged 26 to 65 yrs): 195 ( 91.8 percent)
were males and 17 ( 8.2 percent) females. At the acute
stage of MI , the LVF was documented in 146 (69
percent) pts; significant arrhythmias - in 34 (16 percent)
pts; and conduction disorders- in 12 (6 percent) pts. After
three weeks , 73 (33.4 percent) pts complained of chest
pain on exertion and 29 (13.7 percent) had pain at rest.
There was considerable variation in individual exercise
tolerance , 150 to 600 kgm/min ( 25 to 100 W ). The mean
threshold workload was 289.32 +-6.48 kgm/min (48.22+-
1.08 W ). The testing was suspended if critical endpoints
were reached. These were a developing anginal pain or
ischemic ST segment change ,dyspnea specific changes in
blood pressure, attainment of a target submaximal heart
rate. The endpoints employed were also related to the
safety requirement for the test. According to the workload
attained , pts were divided in two groups .Group one
consisted of 48 (22.6 percent) pts who had reached the 450
kgm/min (75 W) level (> 5 METS ) ,while group two was
made up of 164 (74.4 percent) pts who had failed to reach
this level. The exercise testing data turned out to be useful
for more objective evaluation of the patient’s functional
state at the discharge.

When the exercice testing data were compared with
the complications background,it was found that the
occurrence of life — threatening arrhytmias at the acute
stage of MI did not correlate with the functional state of
the cardiovascular system three weeks later..
However,there was a close relationship between the
workload attained and the LVF occuring in the acute
stage of disease (Table 1).



Table 1. Relationship between complications in the acute
stage of myocardial infarction and exercise three weeks after
MI (n-212)

Dysrhythmia LVF
Group Yes No Yes No
n/proc n proc n proc N proc n Pproc
Group one 10 20.8 38 792 25521 23 479
Group two-24---14.6 140 -854 121 73.8 43 26.2
-p p<0.3 p<0.01 -

Patients with low exercice tolerance (< 5 METS )
were more likely to have the LVF during the acute
phase.Thus,there was a positive relationship between the
occurrence of LVF during the acute stage of MI and the
impairement of the functional state of patient as evaluated
at the discharge from hospital.

A total of 894 pts (aged 50.68+-0.29 yrs; 827/92.5
percent males and 67/ 7.5 percent females) admitted to
Coronary Care Unit have met the eligibility criteria and
were put through submaximal exercise testing within 3
weeks of the onset of acute MI.

Cardiovascular responses to exercise testing three
weeks after MI were as follows: peak workload — 44.0 +-
0.7 W ( 264+-4.2 kgm/min ) ; peak HR — 110.0 +-0.5
bpm; peak systolic BP—157.4 +-0.9 mm Hg ; peak double
product — 176.4 +- 2.8 bpm x mm Hg : 100 . In 375 (41.9
percent) cases exercise testing elicited angina and / or ST
depression of > 1 mm ( ischemic response ) ; in 51 case
(5.7 percent) serious ventricular arrhythmias were
detected; in one case ventricular fibrillation had
developed, but the patient was successfully resuscitated
.Cases of noncardiac deaths, patients living outside
Kaunas or those subjected to coronary bypass surgery, 391
in total, were excluded from the further analysis. The
mean peak workload in the remaining group (n-503) was
42.9 +- 0.9 W (257.4+-5.4 kgm/min ). On testing 150 pts
experienced angina and 64 had ST depression of >1 mm.
A total of 190 pts displayed an ischemic response (either >
1 mm ST depression or/and angina during exercise
testing).

Kaunas Acute Myocardial Infarction Register was
used for survival analysis. After 11 yrs there were 405
survivors, with the long-term survival in the 313 pts
without an ischemic response being markedly better than
that of the 190 ischemic ones, even though the
difference was not statistically significant (except for the
cases of ST depression). The workload levels attained
provided additional information. Exercise-induced ST
segment depression occurring early after MI appears to
have prognostic significance for the subsequent
development of fatal coronary events at 6, 12, 24 months
and 11 yrs post MI. Our patients were in good functional
state at entry (no patients had a contraindication to
exercise ); nonetheless , there were 8.5 percent of cardiac
deaths within the first two yrs among the acute MI
survivors. Among those dying within the first two yrs,
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only 45.2 percent had the exercise-induced ST segment
depression. This shows that the prognotic value of ST
depression is not sufficient and demands research of
more consistent signs.

The cardiovascular response to exercise was interpreted as
a transition process in the self-regulation of cardiovascular
system (system’s reaction to the stress). The survival was
predicted by the shape of heart rate (HR) and systolic
blood pressure (BP) curves (their dynamic characteristics)
during exercise testing and after it. The signs specific to
cardiovascular response to exertion were selected as
follows: (1.) the extent of systolic BP changes at the
beginning of the exercise testing; (2.) the extent of HR
changes at the beginning of the exercise testing; (3.) the
character of HR changes one minute after the exercise
discontinuation; (4.) the character of systolic BP changes
one minute after the exercise discontinuation; (5.) the
correlation strength between HR and systolic BP curves
within the exercise test; (6.) the character of HR curves
at rest after the exercise; (7.) the character of systolic BP
curves at rest after the exercise; (8.) the character of HR
changes at the last minute of exercise; (9.) the character of
systolic BP changes at the last minute of exercise. The
prognostic value of these signs was determined. The
dynamic characteristics of HR and BP are presented in

Figures 1 and 2.
At the end of 2 yrs after MI there were 426 survivors
(gr 1) and 42 cases of cardiac death (gr II).

Fig.1. The typical forms of the dynamic characteristics

Fig. 2. Samples of heart rate and systolic blood pressure dynamic
characteristics from different patients



Results

The cardiovascular responses to exercise testing 3
weeks after MI were as follows: mean peak workload
showed significant difference between groups: 44.5+- 0.9
W (267+-5.4 kgm/min ) in gr. I and 34.2+- 3.5 W (
205.2+-21 kgm/min ) in gr.Il (p < 0.01 ). The exercise
testing elicited angina and/or ST depression of >1 mm
(ischemic response) in 132 (31 percent) patients of gr. I,
and in 24 (57.1 percent) patients of gr. II. (p < 0.01). ST
depression of > 1 mm was detected in 33 (7.8 percent) and
in 19 ( 45.2 percent) respectively (p < 0.01). Exercise test
positive ST-segment only was detected in 17 (4 percent)
patients of gr. I and in 9 (21.4 percent) patients of gr.II
(p<0.01). Indicators for electrical instability (exercise
induced serious ventricular arrhythmias) showed no
significant differences between groups: in 21 (4.9 percent)
patients of gr II. and in 4 (9. 5 percent) patients of gr.Il (p
>0.3)

The patients of gr. I had better exercise capacity and
ST depression was registered only in 7.8 percent of
patients as compared with 45.2 percent of patients of gr.II.
Our results comfirm the data of other investigators that
spontaneous events are poorly predicted by provocative
tests in low-risk patients after myocardial infarction,
however exercise ECG can predict a favourable outcome
with a very high negative predictive value (1, 4). A
combined use of both, the usual data (indicators for
residual myocardial ischaemia) and the new signs -
dynamic characteristics of HR and BP curves considerably
increased the predictive power of the test. Each sign
included several manifestations. For example, the character
of systolic BP and HR changes at the beginning of the
exercise testing may be manifested by the different
degrees of change intensity, BP and HR may increase and
decrease, with or without delay. All these specific features
are described as characterisic of sign. All the data obtained
in exercise testing in the early period of MI was divided in
two parts. One, named group C, was used as a learning
assembly. In this C group we chose all cases of death in
0.5 year after MI and named this group A; all cases of
death in the period between 0.5 and 2 years after MI and
named this gruop B. So the remaining group D included
the cases with no death in the period of 2 years after MI.
D=C — (A + B).

Then the prognostic value in prediction of the high
risk of coronary death of characteristics of signs was
determined. For this purpose we computed the frequency
rate of each characteristic of all the signs in group A,
A + B, C and D, and denoted frequency rate of x-

characteristic of i-sign in the group A as '@ ,(x) in the
group A + B '@, ,(x), in the group C ‘@_(x) and in

the group D ‘¢, (x). If the frequency rate of x—

characteristic is the same or nearly the same in group A as
in group C or D, this characteristic has no prognostic
value. In contrast, if the value of frequency rate (rfr) in
group A is considerably greater in comparison with C or D,
this characteristic has higher prognostic value, higher
informativity. We denote informativity as a relation:
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‘9 (x) ‘9 (x
igDA( ); O 4.5 (X) = ?A o )
@p(x) @p(x)

Wereject o(x) if o(x)<15.

We denote the prognostic power of characteristic of
sign by following expressions:

iSKA (x)= 10° 0, (x) @, (x);

[§A+B (x) =10’ 0 45 (X) @, 5(X).

After evaluation of separate characteristics of sign,
the prognostic power of sign is determined as a set of
selected prognostic powers of characteristics of this sign

P=E(x)v Ex) Vv Ex,)

X5 X)X, are deminations of characteristics of sign.

io-A (x)=

An example (for sign SAFP — the extent of systolic BP
changes at the beginning of exercise test):

If SAFP (x=DI), then '&,(D1) = 4,4
SAFP ( x = D2), then'& ,(D2) =3,5
SAFP ( x = D5), then &, (D5) =1,9

SAFP (x =m ), then '&,(Dm) =2,6.

The same method is used for evaluation of other signs:
Py, P3Py

The full prognostic power

I1, Zinl;
i=1

n - the number of used signs, z - identificator of individe.
In accordance with this method , a programme for the
computer was developed, and withthis programme the
values of
A A+B

[T, .
for each member of group “C ” were estimated.

It was found that with increase of numeral quantity
of prognostic power the risk of coronary death after MI
increases.

After computation of prognostic power of each
member in groups A, A+B, C and D, the arithmetical

and

mean of group V: , VAd+ I Vcd and Vg was estimated (
obtained ):
VA =28.66; Varg =31.05; V=23.45;Vp=21.0.

These quantities may by used as criteria to pick up
the patients with high risk of coronary death . The same
method was applied for evaluation of prognostic values of
widely accepted data of early exercise testing. The
combined use of both the widely accepted data of early
exercise testing and the dynamic characteristics of HR and
systol BP considerably increased the predictive power of
the test. Computation of arithmetical mean gave following
quantites

Vi=40.69; Vy,, =39.83; V) =27.55 V) =26.82.
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During 11 years period submaximal exercise testing within 3 weeks of acute myocardial infarction was performed with 894
patients. Exercise induced ST segment depression appears to have prognostic significance of subsequent development of fatal
coronary events at 6, 12, 24 months and 11 years post infarction. At fillow-up at 2 years post infarction in the non survivors group there
were only 45.2 percent exercise induced ST segment depression. This shows, that prognostic importance of ST depression is
insufficient and demands of research of more consistent signs. The cardiovascular response to exercise was interpretate as transisting
process of the selfregulation of cardiovascular system , and the new predictive signs were found on the basis of heart rate and systolic
blood pressure curves during the exercise and after it . The prognostic value of these sigens were established . The combined use both
the new predictive signs and the usual data of early exercisetest shows the high predictive possibility of test — the early cardiac death
was predicted in 80 percent cases. Ill. 2, bibl. 5 (in English; summaries in Lithuanian, English and Russian).
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JuddepeHunpoBaHHas U CTaHIAPTU3UPOBAaHHASI Npoda ¢ (U3NYECKOH HArpy3KoW SIBISIETCS CErOJHS BaXKHBIM KIMHHYECKUM
METOJIOM HCCJIEOBAaHMS JUIsl YCTAHOBJCHHS (DU3MYECKONH CIIOCOOHOCTH opraHu3Ma ( TOJEPaHTHOCTH K (PM3MYECKOH Harpyske )
3JJ0POBBIX M OOJIBHBIX, NPUYEM Ha TIepPeAHEM IUIaHe JUI KJIMHUYECKOH SProMeTpUH CTOUT CTyNeHJaTas aj’poOHas Harpy3ka Ha
BeJO3proMeTpe WM Tpeammie. Ha ocHoBe mpoBeneHUs paHHEHl Harpy3ouHod mpoObl y 894 OonbHBIX HH(MAPKTOM MHOKapaa
pa3paboTaHa METO/MKA OLEHKH PEaKIMU CepJICYHO-COCYIUCTOH CHCTEeMBbl Ha MPOOY TOJEPAHTHOCTU K JIO3MPOBAHHOHM (usndeckoi
Harpy3ke II0 JHHAMHYECKUM XapaKTePUCTHKAM CHCTOIMYECKOTO apTepHanbHOro maBieHus (AJl) M 9acTOTHI Cep/IeUHBIX COKPAIICHHI
(UCC) ¢ yuerom meproaa BOCCTAHOBIECHHS IIOCIE Harpy3ku. Mcrmonp3oBaHue Moka3arened AMHAMHYIECKHX XapaKTEePHCTHK MO3BOISET
MPaBWIGHO IPOTHO3MPOBaTh 80 IPOIEHTOB JICTAIBHEIX CIIyYacB 3a MEpBBIC JBa Toja rocie nHpapkra Muokapaa. M. 2, 6ubn. 5 (ma
AHIINICKOM; pedepaThl Ha INTOBCKOM, aHIJIMHCKOM U PYCCKOM 513.).
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