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ABSTRACT

INTRODUCTION It is still unknown whether ischemia-inducing training in patients with stable angina is su-
perior to the training conducted below the ischemic threshold (IT) according to the current guidelines.
0BJECTIVES The aim of the study was to assess the influence of warm-up ischemia prior to training on
the effects of training conducted either at or below the IT in patients with stable angina.

PATIENTS AND METHODS  Thirty male patients aged 56 =8 years, after myocardial infarction, with stable
angina and positive exercise test (ET1) were divided into 2 groups: group A included 18 patients with the
warm-up effect, group B — 12 patients without this effect. All patients followed an 8-week interval training
program (TP). The intensity of training was planned to reach the heart rate at the IT. Successive ETs were
performed immediately after the TP (ET2), at day 3 (ET3), day 10 (ET4), and at 1 month (ET5).

RESULTS  After the TP, there was a statistically significant improvement in group A in all analyzed variables
except maximum ST depression (max STD). Maximal workload increased by 28%, walking distance by
24%, duration by 20%, and time to 1-mm STD by 28%. Max STD reduction amounted to 14% (P = 0.13).
The beneficial effect of training on exercise-induced ischemia was maintained for up to 10 days (ET4)
and on physical capacity for up to 1 month (ET5). In group B, the TP did not affect time to 1-mm STD,
but physical capacity improved significantly and was maintained for up to 1 month (ET5).

concLusions  The warm-up effect appears to be necessary to attenuate myocardial ischemia after training.

INTRODUCTION Exercise training improves
functional capacity, reduces clinical symptoms
and, subsequently, cardiovascular mortality in
patients with stable coronary artery disease
(CAD)."® Based on the documented benefits, even
patients at increased risk for cardiovascular com-
plications during exercise should engage in indi-
vidually designed training programs (TPs).

The guidelines on exercise prescription in
CAD patients recommend that training intensi-
ty should stay below the ischemic threshold (IT)
and correspond to the heart rate (HR) that re-
mains 10 beats per minute (bpm) below the rate
at which 1-mm ST-segment depression (STD) on
electrocardiogram (ECG) occurs.® There is still un-
resolved question whether a more intensive isch-
emia-inducing training regime would be superi-
or to a guideline-driven approach. A previous-
ly published paper established that even mild

exercise with no detectable myocardial ischemia
appeared sufficient to reduce subsequent angina
on exertion. However, only exercise of greater in-
tensity that provoked myocardial ischemia was
able to attenuate ischemia on re-exercise.”? These
observations are consistent with patients’ de-
scriptions of the warm-up effect in everyday life.
The time-course of this phenomenon describ-
ing attenuation of angina when preceded by re-
cent angina-provoking exertion strictly resem-
bles that of ischemic preconditioning demon-
strated in experimental studies.*" Such findings
should be of practical relevance in developing ex-
ercise training protocols in CAD patients. There-
fore, the aim of this study was: first, to examine
whether the presence of the initial warm-up ef-
fect influenced myocardial ischemia after train-
ing; second, to evaluate whether repeated ischem-
ic training sessions were necessary to attenuate
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myocardial ischemia after training; and third, to
determine how long a potentially anti-ischemic
effect of training persisted.

PATIENTS AND METHODS  From January 2009 to
October 2011, 30 male patients, aged 56 +8 years,
with stable angina pectoris (Canadian Cardiovas-
cular Society class I or IT) and positive exercise test
agreed to participate in an 8-week comprehensive
cardiac rehabilitation program, 3 to 4 weeks after
uncomplicated myocardial infarction (MI).

CAD was angiographically confirmed and doc-
umented by all subjects who had history of MI be-
fore recruitment to the study. The inclusion crite-
ria were: stable angina for 1 month before the in-
clusion in the study, age 65 years or younger, and
preserved left ventricular (LV) systolic function
(LV ejection fraction [LVEF] 245%).

Patients were excluded if they were older than
65 years, had unstable angina, congestive heart
failure or LV dysfunction with LVEF less than
45%, uncontrolled hypertension, arrhythmia, val-
vular heart disease, left bundle branch block, LV
hypertrophy or resting ST-segment changes, and
diabetes. Patients’ medications were not altered
throughout the study.

The study protocol was approved by the Insti-
tutional Ethics Committee on human research
and each participant gave their written informed
consent.

Study protocol At entry, all patients underwent
physical examination, electrocardiography (ECG),
echocardiography, and baseline exercise tests (ET)
on a treadmill according to the modified Bruce
protocol (Cambridge Heart, Spacelabs, United
States) and had to report chest pain and/or fa-
tigue accompanied by STD of at least 1 mm.

On the day of the study, the subjects were
instructed to avoid any unusual exertion; they
rested for at least 30 minutes before ET, which
was always undertaken in the mid-afternoon,
3 hours postprandially and was conditioned by
the absence of angina on the day before exer-
cise testing.

A standard 12-lead ECG and blood pressure
(BP) measurements were taken at baseline,
at the end of each stage, at peak exercise, and
during a 10-minute recovery period. A 3-lead ECG
was monitored continuously before, during, and
for 10 minutes after ET. ET was considered posi-
tive at the first appearance of >1-mm of horizon-
tal or downsloping STD 80 ms after J point, de-
tected in at least 2 consecutive precordial leads.
All tests were supervised by the same cardiologist
and interpreted in a blind fashion by two other
investigators. Any discrepancies were resolved
by consensus. The following variables were de-
termined: maximal workload (METs), walking
distance (WD, m), exercise duration (ED, min),
time to 1-mm STD (min), maximum STD (max
STD, mm), HR (bpm), and BP (mmHg) at rest,
at 1-mm STD, and at peak exercise.
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Following the first positive ET (ET1), which
was considered an initial ischemic stimulus, all
patients re-exercised after 30 minutes (ET-30)
so that patients who experienced the warm-up
effect could be identified. Myocardial ischemia
at the peak of ET-30 was considered reduced
when the time to 1-mm STD was prolonged by
at least 10%.

Patients in whom time to 1-mm STD prolonged
significantly (8.37 +3.43vs. 10.24 +4.08, P = 0.01),
i.e., those in whom the warm-up effect during
ET-30 was observed, were in group A (n = 18),
whereas group B (n = 12) consisted of patients
with unchanged time to positivity onset during
ET-30 (8.17 +4.04 vs. 8.31 +4.13, P = nonsignifi-
cant). Then, all patients underwent an 8-week exer-
cise TP, and echocardiography and ET (ET2) were
repeated at the conclusion of the training proto-
col. Afterwards, all patients underwent successive
ETs performed at days 3 (ET3), 10 (ET4), and at
1 month (ET5) after ending the TP.

Two-dimensional echocardiography Imaging
was performed in the left lateral decubitus po-
sition using the VIVID 7 device (General Elec-
tric, United States) with a multifrequency trans-
ducer equipped with the Tissue Doppler Imag-
ing (TDI) software. Cardiac chamber dimensions
were measured according to the recommenda-
tions of the American Society of Echocardiogra-
phy and the European Association of Echocardiog-
raphy.'? Transmitral LV filling velocities at the tips
of the mitral valve leaflets were obtained from
the apical 4-chamber view using pulsed-wave
Doppler echocardiography.

The following variables were analyzed from
the TDI recordings: peak velocity of early trans-
mitral LV filling (E, m/s) and diastolic velocities
of lateral (E']), septal (E’s), anterior (E’'a), and pos-
terior (E'p) parts of the mitral annulus in m/s. In
addition, the E to E’ ratio was calculated because
it appeared to be correlated with LV filling pres-
sure.” ! The LVEF was obtained by the Simpson’s
biplane method.

Exercise training program  The TP lasted 8 weeks

and consisted of 24 interval trainings on a cyclo-
ergometer 3 times a week. Each session lasted

40 minutes, included a 2-minute warm-up, cycling

under continuous electrocardiographic monitor-
ing during which loads were applied in an inter-
val manner, i.e., 4-minute exercise bouts separat-
ed by 2-minute rest. The TP was planned individ-
ually for each patient. The intensity of a train-
ing session was calculated to obtain HR reached

at 1-mm STD during ET1. BP and HR were meas-
ured at baseline, at the end of each interval, and

at recovery.

Statistical analysis A statistical analysis was per-
formed using the SAS statistical software v. 8.2
(Cary, North Carolina, United States). All data
were expressed as mean + standard deviation or
as percentages. The t test for matched pairs or
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TABLE 1  Clinical characteristics of the study groups

Characteristic Group A (n = 18) Group B (n = 12) P
age, y 54.72 +8.37 57.18 +9.78 0.53
smoking history, n (%) 7 (38.8) 6 (50.0) 0.55
hypertension, n (%) 15 (83.3) 10 (83.3) 1.0
hypercholesterolemia, n (%) 18 (100) 12 (100) 1.0
history of MI, n (%) 18 (100) 12 (100) 1.0
history of angina, mo 32.8 +20.8 31.8 £20.7 0.76
LVEF, % 59.0 =10.30 52.41 +8.87 0.22
[B-blockers, n (%) 17 (94.4) 9(75.0) 0.13
ACEls, n (%) 15 (83.3) 10(83.3) 1.0
medications statins, n (%) 18 (100) 12 (100) 1.0
aspirin, n (%) 18 (100) 12 (100) 1.0
clopidogrel, n (%) 18 (100) 12 (100) 1.0

Data are expressed as mean = standard deviation or number (percentage).

Abbreviations: ACEls — angiotensin-converting enzyme inhibitors, LVEF — left ventricular ejection fraction,

MI — myocardial infarction

TABLE 2 Results of baseline exercise tests in the study groups

Group A (n = 18) Group B (n = 12) P
workload, METs 6.9 19 7.3 £2.1 0.74
walking distance, m 578.1 =177.3 624.4 =217.2 0.32
exercise duration, min 9.3 3.2 8.6 3.6 0.69
time to 1-mm STD, min 8.4 34 8.2 x40 0.82
max STD, mm 1.3 £0.3 1.4 £0.5 0.26

Data are expressed as mean = standard deviation.

Abbreviations: MET — standard metabolic equivalent is a unit used to estimate the amount of oxygen (0,) used by
the body during physical activity, 1 MET = 3.5 ml 0,/kg/min used by the body at rest, max STD — maximum

ST-segment depression

the analysis of variance were used to compare
the parameters of a continuous type in the study
groups, when the distribution of variables did not
differ significantly from the normal distribution;
when it did, the nonparametric rank test was used.
To assess the differences of categorized param-
eters in the groups, the ¥? test was used when
the number was high enough or the Fisher’s ex-
act test when it was not. P value less than 0.05
was considered statistically significant.

RESULTS We studied male patients with sta-
ble angina and similar clinical status. The clin-
ical characteristics of the patients are listed in
TABLE 1. There were no intergroup differences in
age, coronary risk factors, angina duration and
MI history, LVEF, and concomitant medications.
The doses of medications were unchanged during
the study period. Moreover, there were no differ-
ences in the results of ET1 between the 2 groups
(TABLE 2). Exercise training sessions were per-
formed to obtain HR reached at 1-mm STD dur-
ing ET1. Training HR limits were comparable be-
tween group A (106.2 +11.7 bpm) and group B
(107.8 £11.0 bpm). In group A, 7 patients (39%)
trained at an intensity that induced 1 mm of
STD, whereas in group B, only 3 patients (25%)

trained at the IT. The remaining patients from ei-
ther group were not able to attain the IT at peak
of each training session. In group A, all analyzed
variables improved significantly during ET2 per-
formed after completing TP in comparison with
ET1, except max STD (FIGURE 1). An increase in
workload amounted to 28%, in WD to 24%, in
ED to 20%, and in time to 1-mm STD to 28%.
The reduction in max STD, although statistically
nonsignificant, was 14%. Of note, HR assessed
at IT during ET1 and ET2 was comparable (107
+10 vs. 107 +11 bpm) despite significant prolon-
gation of time to 1-mm STD suggesting that ex-
ercise of greater intensity provokes less ischemia.
Moreover, there was a further improvement in all
analyzed parameters, except for max STD, dur-
ing the tests performed after 3 (ET3) and 10 days
(ET4) after finishing the TP compared with ET1.
During ET3, an increase in workload amounted
to 33%, in WD to 32%, in ED to 26%, and in time
to 1-mm STD to 39%. During ET4, an increase in
workload amounted to 47%, in WD to 40%, in ED
to 28%, and in time to 1-mm STD to 33%.
Furthermore, a beneficial effect of training

on physical capacity (PC) was maintained for up
to 1 month (ET5). Of note, there were no addi-
tional beneficial effects on myocardial ischemia
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FIGURE 1 Changes in attenuation in the subgroup of patients (A,)  effect was found to be independent of wheth-

the results of exercise
tests performed in

group A; percent changes
from the results of the
baseline exercise test are
plotted; all values are
mean = standard
deviation

a P <0.05

b P <0.01

¢ P <0.001 vs. baseline
Abbreviations: ET1 -
baseline exercise test,
ET2 — ET performed
immediately after ending
the training program, ET3,
ET4, ET5 — ETs performed
at day 3, day 10, and at

1 month, respectively,
NS — nonsignificant,
others — see TABLE 2

trained at the IT compared with A, (FIGURE 2).

In group B, there was no influence of the TP on
time to 1-mm STD and HR assessed at IT during
ET1 in relation to ET2 (110 +11 vs. 112 +11 bpm);
however, the parameters of PC improved signif-
icantly in comparison with ET1. An increase in
workload amounted to 24%, in WD to 20%, and
in ED to 25%. During ET3, an increase in work-
load amounted to 23%, in WD to 18%, and in
ED to 26%. During ET4, an increase in work-
load amounted to 19%, in WD to 13%, and in ED
to 24%. Moreover, similarly to group A, this im-
provement was maintained for up to 1 month
(ET5) (FIGURE 3).

Finally, participation in the TP did not pro-
voke deterioration of either systolic or diastol-
ic LV functions as measured by echocardiogra-
phy (TABLE 3).

The health status was stable in all patients dur-
ing the study and none of them had any adverse
effects of exercise training.

DISCUSSION The main finding of this prospec-
tive observational study was that interval training
on a cycloergometer induced a short-term atten-
uation of the ECG signs of myocardial ischemia
only in those CAD patients (group A) who pre-
sented warm-up ischemia before training.

We observed that an 8-week interval train-
ing in group A increased workload, WD, ED, and
time to 1-mm STD at the ET performed imme-
diately and 10 days after the TP. In addition, this
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er training was conducted under the IT or pro-
voked myocardial ischemia. Importantly, HR as
a determinant of myocardial oxygen consump-
tion assessed at IT did not change significant-
ly in group A after the TP, suggesting that for
the greater workload, the patients developed less
pronounced ischemia.

In contrast, patients in group B, without
the initial warm-up effect improved exercise per-
formance but failed to attenuate time to 1-mm
STD after training. Thus, the favorable effect of
training on myocardial ischemia seems to require
the initial warm-up ischemic stimulus. Moreover,
it should be emphasized that during the 8-week
TP, we observed no deterioration of the LV func-
tion as measured by echocardiography.

The warm-up phenomenon is a well-known
clinical observation reported by more than half of
the patients with stable CAD.'>'6 They report that
their anginal symptoms are worse in the morn-
ing but improve during the day. The mechanism
of this phenomenon has not been fully elucidat-
ed. Bogaty et al.® showed that neither an improve-
ment in myocardial perfusion nor wall motion
dysfunction accounted for the attenuation of
myocardial ischemia observed with repeated ex-
ercise.® Another possibility is that the warm-up
effect might be analogous to ischemic precon-
ditioning observed in experimental animals, in
which brief episodes of ischemia and reperfusion
render myocardium more resistant to subsequent
ischemic insult.'8
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FIGURE 2 Changes 2
in the results of (lexermse NS NS NS NS
tests performed in
subgroups A, and A,
before and at the end 10
of the training program; =
all values are mean = E
standard deviation g max STD
Abbreviations: see 5 0
TABLE 1 and FIGURE 1 E workload walking exercise duration time to 1 mm
g distance STD
S
=10 H groups A, vs. A,
. A, at ischemic threshold
—20 1 . A, below ischemic threshold NS

TABLE 3  Echocardiographic indices of the left ventricular function before and at the end of the training program

Echocardiographic Group A (n = 18) Group B (n = 12)

index before at the end before at the end
E/E’ lateral, m/s 6.8 +1.9 6.9 +19 0.19 7.0 2.1 19 x2.7 0.36
E/E’ septal, m/s 1.7 +19 8314 0.56 8.6 =14 85=+1.6 0.19
E/E’ posterior, m/s 6.8 +1.9 73+18 0.19 75 +2.8 18 +2.7 0.30
E/E’ anterior, m/s 8.2+18 8.3 +1.96 0.18 8.9 +2.1 9.3+1.8 0.89
LVEF, % 59.0 =10.5 60.0 8.7 0.39 52.4 +8,8 53.0 8.9 0.28

Data are expressed as mean = standard deviation. There were no intergroup differences in the baseline values for these
variables in either study group.

Abbreviations: E — early transmitral left ventricular filling velocity, E” — early diastolic mitral annulus velocity, others —
see TABLE 1

NS

change in ET results (%)

workload walking exercise duration time to 1 mm max STD
=10 distance STD

-20 B AET2vs. 1 [0 AET4vs. 1
Il eseline —ET1

AET3vs. 1 . AET5vs. 1

FIGURE 3 Changes in the results of exercise tests performed in group B; percent changes from the results of the baseline exercise test are plotted;
see FIGURE 1 for more details; all values are mean =+ standard deviation

a P<0.05

b P <0.01 vs. baseline

Abbreviations: see TABLE 1
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Interestingly, in our patients the presence of
warm-up ischemia prior to training resulted in
further prolongation in time to 1-mm STD ob-
served 72 hours after training. Furthermore, this
favorable anti-ischemic effect was maintained for
up to 10 days, independently of training intensity.
Long-standing evidence supports the view that
exercise training remains a key tool in the man-
agement of stable CAD patients.'® Regular train-
ing has numeorus cardiac, metabolic, and psycho-
logical benefits.*2° However, it should also en-
sure patients’ safety. Therefore, prescribing exer-
cise to stable CAD patients is a problem clinicians
regularly face. It is still unknown whether more
intensive ischemia-inducing TPs would be supe-
rior to a guideline-driven approach, which recom-
mends that training intensity in stable CAD pa-
tients should correspond to a HR that remains
10 bpm below the IT.?"?2 There is some evidence
that only training at higher intensity produces im-
provements in physical capacity and lipid profile.!
On the other hand, Noel et al.Z? showed that al-
though prolonged and repeated ischemic training
sessions up to 60 minutes were safe without ev-
idence of myocardial injury, significant arrhyth-
mias, or LV dysfunction, there were no measur-
able improvements in physical capacity and rate
pressure product in an ischemic group compared
with traditionally trained patients.

In our study, all trained patients improved their
physical capacity, which was maintained for up
to 1 month. However, the warm-up effect before
their training was needed to induce less isch-
emia after an 8-week TP. Moreover, myocardial
protection against ischemia was prolonged and
appeared to be independent of the intensity of
the training protocol. An attractive explanation
would be that some kind of myocardial adapta-
tion induced by warm-up ischemia accounted for
delayed attenuation of myocardial ischemia, sim-
ilarly to the delayed phase of ischemic precondi-
tioning. Thus, the explanation of the mechanism
of the warm-up phenomenon may be a tool for its
practical exploitation. For example, some phar-
macological agents may reproduce the warm-up
effect without ischemia-provoking exercise. More-
over, it should be examined why this precondi-
tioning-like effect is present only in some pa-
tients with stable CAD.

In summary, our findings suggest that
the warm-up effect before exercise training ap-
pears to be the key to attenuate myocardial isch-
emia after training. These findings may be of prac-
tical relevance in physical activity counselling.

Conclusions The warm-up effect before exer-
cise training appears to be necessary to atten-
uate myocardial ischemia after training. Train-
ing with repeated ischemic sessions has no addi-
tional beneficial effects on exercise tolerance of
ischemia. The time-course of anti-ischemic ef-
fects of training resembles delayed attenuation
of myocardial ischemia observed during ischem-
ic preconditioning.
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Limitations  First, the results of this study can be
applied to a specific group of patients with sta-
ble angina, positive ET, and preserved LV func-
tion. Therefore, the very rigorous selection cri-
teria limited the number of patients included to
the study. Moreover, women were not included
because the reliability of the stress test in wom-
en is lower than that in men. Second, by using
STD as an electrocardiographic marker of myo-
cardial ischemia during ET, we eliminated those
patients who had evidence of ST-segment shift
at resting ECG. Moreover, irrespective of the pres-
ence or absence of MI, STD during ET has been
accepted as a noninvasive tool for patient selec-
tion. Third, apart from the above study limita-
tions, the nonrandomized design is another one
that has to be considered.
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STRESZCZENIE

WPROWADZENIE Dotychczas nie wiadomo, czy trening indukujacy niedokrwienie przynosi wigcej korzysci
niz trening prowadzony wedtug obowigzujgcych standardéw ponizej progu niedokrwienia, u pacjentéw
ze stabilng choroba.

ceLe  Celem badania byta ocena wptywu efektu rozgrzewki (warm-up) stwierdzanego przed rozpoczeciem
programu treningowego na efekty treningu prowadzonego ponizej lub na progu niedokrwienia u pacjentéw
ze stabilng chorobg wiencowa.

PACJENCI I METODY  Trzydziestu mezczyzn w wieku 56 +8 lat, po zawale serca, ze stabilng choroba wien-
cowa i dodatnim testem wysitkowym (exercise test — ET1) podzielono na 2 grupy: do grupy A wigczono
18 chorych z wystepujacym efektem warm-up, a do grupy B — 12 chorych bez tego efektu. Wszyscy
chorzy odbyli 8-tygodniowy cykl treningdw interwatowych. Jako limit tetna treningowego ustalono
prég niedokrwienia. Kolejne testy wysitkowe wykonywano bezposrednio po zakonczeniu treningu (ET2),
w 3. dniu (ET3), 10. dniu (ET4) i miesiac po zakonczeniu treningu (ET5).

WYNIKI  Po cyklu treningowym w grupie A nastapita istotna statystycznie poprawa wszystkich badanych
parametréow z wyjgtkiem maksymalnego obnizenia ST. Maksymalne obcigzenie wzrosto o 28%, dystans
marszu o 24%, czas trwania préby o 20%, a czas do obnizenia ST 0 1 mm — o 28%. Redukcja maksymalnego
obnizenia ST wyniosta 14% (p = 0,13). Korzystny efekt treningu na wysitkowe niedokrwienie utrzymat
sie do 10 dni (ET4), a na wydolno$¢ fizyczng — do miesigca (ET5) od zakonczenia treningu. W grupie B,
cykl treningowy nie wpltynat na czas do obnizenia ST o 1 mm, ale uzyskano istotng poprawe wydolnosci
fizycznej, ktéra utrzymata sie do miesigca (ET5).

wnioskl  Efekt warm-up wydaje sie warunkiem koniecznym do poprawy ukrwienia mig$nia sercowego
pod wptywem treningu.
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