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Abstract.

[Purpose] This study investigated the effects of mid, and high exercise intensities on hemodynamic re-

sponses and cardiac events during two exercise types of treadmill exercise (TM) and cycle ergometer exercises (CE)
in patients with acute coronary syndrome (ACS). [Subjects] Patients who had percutaneous coronary intervention
(PCI) for ACS and were participating in cardiac rehabilitation program were included. [Methods] The patients were
assessed for hemodynamic responses, cardiac events, and rate of perceived exertion (RPE) with target heart rates
of 60% and 85% heart rate reserve (HRR) during TM and CE. [Results] Maximum systolic blood pressure (SBP),
diastolic blood pressure (DBP), RPE, and rate pressure product (RPP) measured during CE were significantly
higher than their values in TM at the same exercise intensities. The highest SBP was shown at 85% HRR during CE.
SBP,,..x to SBP,.., ratios obtained during the graded exercise test (GXT) showed that all %SBP,,, were significantly
greater in CE than in TM at the same exercise intensities. Out of 102 patients, cardiac events occurred in 8 at 85%
HRR during CE, and 1 at 85% HRR during TM. Patients with cardiac events (CE-E) had significantly higher %SBP,
%RPP, and RPE at 85% HRR than those without events (CE-NE) during CE. [Conclusion] Prescribing exercise
based on the intensity obtained in a treadmill GXT may expose patients to cardiovascular complications such as
higher RPP, higher exercise intensity, and cardiac events during CE.
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INTRODUCTION

Cardiac rehabilitation has been known to play a key role
in the enhancement of exercise ability, secondary preven-
tion, and reduction in the mortality rate of patients with
coronary syndrome through comprehensive programs in-
cluding exercise prescription, nutrition counseling, drug
therapy, and weight control'- 2. However, an improper re-
habilitation program may result in negative outcomes, es-
pecially in patients with cardiac problems. Therefore, the
programs should be closely monitored and controlled to
prevent undesirable side-effects. Establishing the proper
exercise intensity unique to a patient is one of the major
steps in designing an appropriate cardiac rehabilitation pro-
gram.

An exercise stress test is conducted before initiating ex-
ercise intervention in cardiac rehabilitation®. The exercise
intensity is established based on the maximal heart rate
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or maximal oxygen consumption (VO,,) obtained dur-
ing an exercise stress test?. Although Karvonen’s formula
(220 — age), or the formula suggested by AHA (American
Heart Association) {206.9 — (0.67 x age)}, are the most
widely used formula for establishing exercise intensity> ©,
they are not recommended for patients with cardiovascular
disorders. An exercise stress test is recommended to estab-
lish the maximal heart rate, since medications such as beta
blockers taken by patients are known to considerably lower
heart rates, not only at rest but also during exercise’®. The
exercise stress test is usually conducted on a treadmill or
ergometer to establish the appropriate exercise intensity
based on the percent heart rate reserve (%HRR)?. The ex-
ercise intensities obtained from either treadmill or ergom-
eter exercise have been interchangeably applied to prescribe
exercise programs for patients with ACS.

However, the two exercise types have distinctively dif-
ferent physiological hemodynamic responses. It was report-
ed that VO,max obtained during TM was 6% to 25% higher
than VO,max obtained during CE, along with increased
maximal heart rate®'¥. The maximum exercise capacity
could not be achieved due to comparatively lower cardiac
outputs and early fatigue tendencies in the lower limbs dur-
ing CE'"> 19, In addition, the maximal SBP measured dur-
ing exercise stress tests was higher during CE than during
TM!% 19 When the exercise intensity established during a
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TM stress test is applied to CE, despite the physiological
differences, the patients may exercise at a higher intensity
with greater cardiovascular demands. Reed!”) reported a
higher rate pressure production (RPP) during CE than dur-
ing TM, due to higher blood pressure responses with target-
ed heart rates established at low- (40%) and mid-intensity
exercise (60%). Angina pectoris was seen in patients with
stable angina who experienced chest pain during exercise at
certain values of RPP!3: 19). Thus, when exercise is conduct-
ed on both a treadmill and an ergometer with identical tar-
get heart rates, a higher exercise intensity may be achieved
during CE than during TM. Moreover, the cardiac burden
may be significantly increased at higher exercise intensi-
ties, especially at 85% HRR or greater. In particular, RPP,
which measures the hemodynamic stress of the heart, may
significantly increase to detriment of the treatment effects
and exercise performance, and further induce cardiovascu-
lar symptoms. Despite such significant differences in CE
and TM, many guidelines for exercise prescription do not
clearly distinguish the characteristics and risks involved in
the two exercise types. Therefore, in order to elucidate the
differences and risks involved in applying the established
exercise intensity to two different exercise types, this study
calculated two commonly used exercise intensities using a
treadmill graded exercise test performed by patients with
ACS. Then, we applied the treadmill graded exercise test-
derived exercise intensities of 60% and 85% HRR to both
TM and CE to assess the differences in the hemodynamic
responses, rate of perceived exertion (RPE), and the num-
ber of cardiac events between the two exercise types. The
results may be used to improve exercise prescription guide-
lines for patients with ACS.

SUBJECTS AND METHODS

The subjects of this study were patients who were hos-
pitalized for ACS, who received percutaneous transluminal
coronary angioplasty (PTCA) and drug therapy, and par-
ticipated in a hospital-based cardiac rehabilitation program
from May 2009 to April 2011. The subjects were recruited
on a voluntary basis. After explaining the purpose and pro-
cedure of the study, the subjects volunteered and gave their
written consent before participating in the study. The study
design and procedures were approved by the Institutional
Review Board (IRB) of Inje University Sanggae Baik Hos-
pital. The study was performed according to the guidelines
set by the Ethics Committee??. The patients with severe ar-
rhythmia, heart failure with 40% or less ejection fraction
in the left ventricle, exercise-induced high blood pressure,
an interrupted exercise stress test due to abnormal cardio-
vascular response, changes in administered drugs during
the study period, or chronic obstructive pulmonary or mus-
culoskeletal disease contraindications to the exercise stress
test were excluded from this study. Although no premature
termination was observed during the exercise stress test,
16 out of 118 patients were excluded from the study due to
reasons such as difficulty adapting to CE or the prescribed
exercise loads. Of the 102 patients who completed this
study, 38 patients were diagnosed as having unstable angina

Table 1. Demographic characteristics of the subjects (n=102)

Variables Mean+SD / Frequency
Age (y) 56.6+£9.7 (M) / 57.843.6 (F)
Sex (Male/Female) 93 (91.2%) / 9 (8.8%)
Height (cm) 167.0.£6.0 (M) / 154.6+9.3 (F)
Weight (kg) 69.6+8.9 (M) / 61.7+11.3 (F)
BMI (kg/m?) 25.0+3.1 (M) /25.7+£3.1 (F)
Disease
UA 38 (37.3%)
MI 64 (62.7%)
Complications
Hypertension 56 (54.9%)
Diabetes Mellitus 24 (23.5%)
Dyslipidemia 24 (24.5%)
Drugs
Aspirin 102 (100%)
Plavix 98 (96.1%)
Beta-blocker 37 (36.3%)
CCB 9 (8.8%)
Carvedilol 26 (25.5%)
ACEI 51 (50%)
ARB 10 (9.8%)
Nitrate 63 (61.8%)
Diuretics 10 (9.8%)
Statin 95 (93.1%)
HR,. (beat/min) 72.5+12.6
SBP,. (mm Hg) 117.3+16.9
DBP,. (mm Hg) 78.5+10.0
RPP,. 8486.8+1784.7
VO, max (0O, ml/kg/min) 28.3+£6.9
HR ., (beat/min) 138.2+18.4
SBP ..« (mm Hg) 174.9+28 .4
DBP ., (mm Hg) 78.5£10.0
RPP 24359.4+ 5771.5

max

Values are mean+SD, BMI: body mass index, MI: myocardial
infarction, CCB: calcium channel blocker, ACEI: angiotensin
converting enzyme inhibitor, ARB: angiotensin II receptor
blocker, HR: heart rate, SBP: systolic blood pressure, DBP: dia-
stolic blood pressure, RPP: rate pressure product

(37.3%) and 64 were diagnosed as having acute myocardial
infarction (62.7%). The patient characteristics such as age,
sex, height, weight, body mass index (BMI), complications,
administered drugs, heart rate (HR), blood pressure (BP),
RPP, and VO,max are described in Table 1.
Symptom-limited graded exercise tests (GXT) were
conducted with a modified Bruce protocol within a week
of discharge. The tests were conducted to determine the ap-
propriate exercise intensities prior to cardiac rehabilitation
exercise on a treadmill and cycle ergometer. Peak oxygen
consumption (VO,pe,) and the highest value of VO, were
measured during the GXT. All tests were terminated ac-
cording to the ACSM termination criteria®). A 12-channel
real-time electrocardiograph (Q4500, Quinton Instrument
Co., Boston, USA), a gas analyzer (QMC (Quinton meta-



bolic cart), Quinton Instrument Co., Boston, USA), an au-
tomated blood pressure and pulsation measurement device
(Model 412, Quinton Instrument Co., Boston, USA), and a
treadmill (Medtrack ST 55, Quinton Instrument Co., Bos-
ton, USA) were used for the exercise stress tests. Heart rate
(HR), blood pressure (BP), and VO, at rest and during max-
imal exercise were recorded. The Borg scale (6—20) was
also used to measure the rate of perceived exertion (RPE).

The patients participated in a cardiac rehabilitation pro-
gram within one week of discharge. The exercise intensi-
ties of 60% and 85% HRR were first calculated using Kar-
vonen’s formula,{(maximal heart rate — resting heart rate x
% intensity) + resting heart rate} based on the results ob-
tained during the exercise stress test®),

The cardiac rehabilitation program was composed of 10
minutes warm up (stretching), 24 minutes of main exercise
(treadmill or cycle ergometer), and 10 minutes of cool down
(3 minutes of slow walking and stretching)??. The main
exercise was divided into two 12-minute exercise bouts ei-
ther on a treadmill (Quinton MED-TRACK SR 60, Quinton
Instrument Co., Boston, USA) or a fixed cycle ergometer
(Quinton CORIVAL 400, Quinton Instrument Co., Boston,
USA). The participants took a three-minute rest by calmly
walking on a flat floor between the two 12-minute exercise
bouts. The exercise sessions were conducted every other
day for two weeks, in a total of six sessions.

The cardiac rehabilitation exercise program was con-
ducted alternatively on a treadmill and a cycle ergometer
with a gradual increase in the exercise intensity. On the
first, third, and fifth sessions, the treadmill exercise inten-
sity was gradually increased to 60% HRR, 70% HRR, and
85% HRR, respectively. On the second, fourth, and sixth
sessions, the cycle ergometer intensity was gradually in-
creased to 60% HRR, 70% HRR, and 85% HRR, respec-
tively.

HR, SBP, DBP, RPP, RPE, and cardiac events were as-
sessed two minutes prior to the end of all the first exercise
bouts. An ECG telemetry system (Quinton Instrument Co.,
Boston, USA) and a mercury blood pressure unit with a
stethoscope were used to measure HR and BP at the chest
height of the patients. The devices were also used to moni-
tor for clinical signs of myocardial ischemia, or arrhyth-
mia. RPP was calculated by multiplying HR by SBP. RPE
was measured on the Borg scale®?, and possible chest pain
was expressed using an angina pectoris scale’¥. The mea-
surements obtained during TM and CE at 60% and 85%
HRR were used for comparison. The measurements were
performed by the same investigators to maintain the mea-
surement accuracy and impartiality. The study procedure is
shown as a flow chart in Fig. 1.

Descriptive statistics were used to calculate the patients’
characteristics. The measurements were evaluated using
one-way repeated-measures ANOVA with the exercise in-
tensities of 60% HRR, and 85% HRR during CE and TM as
the independent variables. Pair-wise comparisons between
the intensities were performed using a contrast test. The
measurement differences between patients without cardiac
event during CE (CE-NE) and TM (TM-NE) and in patients
with cardiac events during CE (CE-E) were analyzed using
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Fig. 1. Flow chart of the study procedure

one-way ANOVA. After determining the significance of the
difference by ANOVA, a post-hoc multiple comparison was
performed using the Scheffe test. Fisher’s exact test was
performed to assess the significance of differences between
the proportions of the two exercise types. All data are pre-
sented as the mean+SD unless otherwise stated. All statisti-
cal analyses were performed using SPSS for windows, ver-
sion 14 (SPSS Inc., Chicago, Illinois).

RESULTS

Medium and high exercise intensities of 60% and 85%
HRR were calculated for the cardiac rehabilitation exercise
based on the results obtained during GXT using Karvonen’s
formula. The calculated intensities were used for the types
of exercises, TM and CE. The hemodynamic responses,
RPE, and cardiac events were measured to determine the
differences between the exercise types and to evaluate the
significance of the differences in patients with ACS.

Table 2 shows the maximal hemodynamic responses of
HR, SBP, DBP, as well as RPP and RPE at the 60% and 85%
exercise intensities during TM and CE. The maximal SBP,
DBP, and RPP values were divided by the maximal SBP,
DBP, and RPP values obtained during treadmill GXT and
multiplied by 100% to obtain percentages for comparison.
HR at the exercise intensities of 60% and 85% were identi-
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Table 2. Hemodynamic responses (n=102) to treadmill and cycle ergometer exercise at 60%HRR and

85%HRR

60%HRR-TM 60%HRR-CE 85%HRR-TM 85%HRR-CE
HR (beats/min) 111.9+13.0 110.7+13.8 127.4+16.4" 128.2+14.4"
SBP,,,, (mm Hg) 135.2+18.8 155.8+22.6" 151.6+20.0" 177.1423.6"
%SBP, .. 78.2+10.0% 89.9+11.3% 87.7+10.9% 102.2412.0%
DBP,,,, (mm Hg) 77.148.9 8374115 79.248.9 88.7+11.3°
%DBP, 101.7+16.3% 110.118.1% 104.4+15.8% 116.8+17.8%
RPP,, 1522743187 17516+3641* 19574-£4014" 22853+4782"
%RPP, 63.4+8.6% 73.0£9.5% 81.4+10.1% 95.0+11.1%
RPE, 111415 12.441.3" 13.041.2" 15.3+1.2"

HR: heart rate, SBP: systolic blood pressure (mmHg), DBP: diastolic blood pressure (mmHg), RPP: rate
pressure product, RPE: Rate of perceived exertion. The values in parenthesis are ratios expressed in per-
cent. These values were obtained by dividing the maximal SBP, DBP, and RPP values obtained at 60%
HRR and 85% HRR during CE and TM by SBP, .. (175428 mmHg), DBP,,, (77+13 mmHg), and RPP ,,
(24359+5771) obtained during treadmill GXT, respectively, and multiplying each result by 100%.
*=significantly different from the previous trial, p < 0.001

Table 3. Blood pressure and RPE responses of the patients with and without cardiac-events at the two different
exercise intensities cycle ergometer and treadmill exercise

60%HRR 85%HRR
TM-NE CE-NE CE-E ™ CE-NE CE-E
(N=101) (N=72) (N=29) (N=101) (N=72) (N=29)
%SBP, . 78.0+9.8 88.3+10.70 93441150  87.6+10.9 99.249.9 110.4+13.7%
%RPP, . 63.348.4 71.4+8 8 76.1+9.9t 81.4+10.1 92.149.15 101.9+12.75"
RPE,,, 11.0+1.4 12.341.21 12.7+1.6" 13.01.1 14.6+0.8% 16.9+0.5%"

TM-NE = Patients without cardiac event during treadmill exercise, CE-NE = Patients without cardiac event
during cycle ergometer exercise, CE-E = Patients with cardiac events during cycle ergometer exercise. The
TM-E group was omitted from the comparison since only one patient showed a cardiac event during treadmill
exercise. SBP: systolic blood pressure, RPP: rate pressure product, RPE: rate of perceived exertion. %SBP ..
and %RPP, .. were calculated by dividing the maximal SBP and RPP obtained at 60%HRR and 85%HRR
during CE and TM by SBP, ., (175428 mmHg) and RPP,,, (24359+5771) obtained during treadmill GXT,
respectively, and multiplying each result by 100%. = significantly different from 60%HRR-TM, p <0.05, § =
significantly different from 85%HRR-TM, p <0.05, * = significantly different from 85%HRR-CE-NE, p <0.05.

cal (TM vs. CE =111.9+13.0 bpm vs. 110.7+13.8 bpm at 60%
HRR; TM vs. CE = 127.4+16.4 bpm vs. 128.2+14.4 bpm at
85% HRR.

For SBP expressed as a percentage of maximal SBP,
%SBP .« (89.9£11.3%) of 60% HRR during CE was sig-
nificantly higher than %SBPmax (78.2+10.0%) of 60%
HRR during TM. %SBPmax (102.2+12.0%) of 85% HRR
during CE was also significantly higher than %SBPmax
(87.7£10.9%) of 85% HRR during TM (p < 0.001), and
%SBP,,x of 85% HRR during CE showed the highest
value. A similar trend was identified for RPP. %RPP ..
(73.0+£9.5%) of 60% HRR during CE was significantly
higher than %RPPmax (63.4+8.6%) of 60% HRR during
TM, and %RPPmax (95.0£11.1%) of 85% HRR during CE
was also significantly higher than %RPPmax (81.4+10.1%)
of 85% HRR during TM (p < 0.001).

In addition, all measurements of DBP and RPE at the
exercise intensities of 60% HRR and 85% HRR were sig-
nificantly higher during CE than during TM (p < 0.001).

In order to confirm the increased risk of CE, the pa-
tients were continuously monitored and recorded for car-
diac events during all the exercise sessions (Table 3). Of the

102 patients, 29 patients (28.4% of the patients; CE-E: pa-
tients with cardiac events during cycle ergometer exercise)
showed cardiac events at 85% HRR during CE. %SBP, ..
and %RPP, .. of 60% HRR and 85% HRR during TM for
the 29 patients with cardiac events and the 72 patients with-
out cardiac events were calculated for comparison (Table
3). Significantly higher maximal %SBP, %RPP, and RPE
were shown at 60% HRR and 85% HRR during CE than
during TM in the patients with (CE-E) compared to those
without (CE-NE) cardiac events. %SBP,,, and %RPP ..
showed non-significant differences in both CE-E and CE-
NE at 60% HRR during CE. However, the patients without
cardiac event (CE-NE) at 85% HRR during CE had signifi-
cantly higher %SBP, .. and %RPP,_ .. (p<0.001). Further-
more, %SBP,_ .. and %RPP, . of CE-E were 110.4+13.7%,
and 101.94+12.7%, respectively, exceeding the maximal SBP
and RPP obtained in the treadmill GXT. Although RPE .
for CE-NE (14.6+0.8) was significantly greater than RPE-
max Of TM (13.0£1.1), RPE,,, for CE-E was much greater
(16.9+0.5) with a difficulty level of “very very difficult”
(p<0.001).

Finally, Table 4 shows the number of patients who were



Table 4. Total cardiac events and RPE responses (n=102) at the
different exercise intensities of the different exercise
types

60% 60% 85% 85%
HRR HRR HRR HRR

™ CE TM CE

Cardiac Events

Chest pain (2) + RPE (17) 0 0 1 1
Chest pain (2) + RPE (15) 0 0 0 3
Intermittent PVC + RPE (17) 0 0 0 1
Bigeminy PVC + RPE (17) 0 0 0 1
AF +RPE (17) 0 0 0 1
ST depression without chest pain 0 0 0 1
Total Cardiac Events 0 0 1 8"
RPE Response

RPE 17 0 0 0 21"

Chest pain scale (2): mild chest pain. RPE: Rate of perceived
exertion, PVC: premature ventricle contraction, AF: atrial fibril-
lation, ST segment depression: >1 mm (horizontal), * = signifi-
cantly different, p <0.01

interrupted during exercise due to the occurrence of car-
diac events. One patient at 85% HRR during TM and one
patient at 85% HRR during CE complained of RPE of 17
(very hard) with some chest pain. Three patients at 85%
HRR during CE complained of RPE of 15 (hard) with some
chest pain. At 85% HRR during CE, one patient complained
of RPE of 17 with intermittent PVCs (premature ventricu-
lar contractions), one patient complained of RPE of 17 with
bigeminy PVC, one patient complained of RPE of 17 with
atrial fibrillation, and one patient showed ST segment de-
pression (>1 mm, horizontal). Chest pain or arrhythmia oc-
curred between 8 to 12 minutes after the initiation of the
first exercise session. Twenty-one patients complained of
RPE of 17 without an event at the 85% HRR during CE. All
the relative hemodynamic values of the two exercise types
at 85%HRR showed significant differences (p<0.01). Cardi-
ac events were not observed at 70% HRR during TM, but 4
patients terminated the exercise sessions during CE. These
events occurring at 70% HRR are not included in Table 4.

DISCUSSION

The hemodynamic responses, RPE, and cardiac events
during two common exercise types conducted at 60% and
85% HRR were assessed in patients with ACS. Patients
with surgical interventions are more vulnerable to recur-
rence of heart conditions. Although early rehabilitation ex-
ercise is helpful for improving health status, the exercise
mode should be carefully monitored. Exercise intensity is
one of the most critical factors. Patient-specific exercise in-
tensity has been traditionally obtained through a treadmill
exercise graded test for both treadmill and cycle ergometer
exercises.

RPP was significantly higher during CE than during
TM at intensities of 60% HRR and 85% HRR due to higher
blood pressure. RPP measured during 60% HRR-CE was
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close to 90% of the maximal RPP, and RPP during 85%
HRR-CE exceeded the maximal RPP (102.2+12.0%). Vari-
ous cardiac events were induced when RPP exceeded the
maximal RPP during 85% HRR-CE. There have been many
studies of the physiological characteristics of the exercise
stress test done on a treadmill and cycle ergometer. The ma-
jor differences in characteristics of CE, compared to TM,
have been reported to be increased maximal heart rate and
VO,max’'¥. Moreover, higher blood pressures were also
induced during CE than during TM® '), Because of these
physiological differences, application of exercise intensity
based on the maximal heart rates obtained from either ex-
ercise type may expose cardiac patients to risk of various
clinical problems.

In this study, both RPP and RPE were significantly high-
er during CE than during TM at 60%HRR and 85%HRR
due to elevation of blood pressure. In addition, RPP during
60% HRR-CE was close to 90% of the maximal RPP, and
RPP during 85%HRR-CE exceeded the maximal RPP. This
significant increase in RPP was also caused by elevated
blood pressure during CE. Although CE is mostly aerobic
exercise, it is a combined form of exercise with some an-
aerobic factors in it!?.

The SBP of professional cyclists may increase to 200
mmHg during a maximal CE stress test!?, and their heart
rates can be maintained close to the maximal HR for the
duration of a race?. The average BP of endurance runners
has been reported to be around 175/69 mmHg during exer-
cise?®), while the average heart rate of resistance exercise
athletes has been reported to be between 102 and 170 bpm,
with maximal BP of 480/350 mmHg?®). It was reported that
the athletes specializing in cycling or rowing not only have
bigger internal cardiac chambers, but have thicker myocar-
dial walls due to the differences in hemodynamic responses
compared to other athletes!?. Moreover, endurance runners
generally have larger internal cardiac diameters, and resis-
tance exercise athletes have thicker cardiac chamber walls.

Generally, CE requires active performance in resistive
pedaling with a greater range of motion and higher angle,
while TM is performed under a condition which is relatively
less active, and has a fixed grade and speed. For these rea-
sons, increase in blood pressure during CE may be caused
by greater resistance to blood flow in the exercising mus-
cles?”), and larger tension within the lower limb muscles due
to the increase in exercise intensity?®).

Reed reported that both the systolic and diastolic phases
of females with sedentary lifestyles were higher during CE
than during TM at exercise intensities of 40% HRR and
60% HRR!7. These results indicate that RPP can be in-
crease more during CE than during TM at identical exercise
intensities.

RPP can be easily measured by multiplying the mean
heart rate by the systolic blood pressure obtained during
an exercise stress test?> 39, RPP is a reliable indicator of
myocardial perfusion demand not only for patients with
coronary arterial diseases, but also for healthy individu-
als'®. Many patients with chronic stable angina tend to
experience chest pain at a certain RPP'3 3D, The changes
in ischemic ST segments occur at a certain RPP as well3?.
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Furthermore, an exercise which increases RPP in patients
with aortic aneurysm may lead to aneurysm rupture3?. The
beta blockers used to decrease the ischemic threshold, or
prevent arrhythmia or aortic aneurysm rupture are also
used to reduce RPP3233),

In this study, the 102 subjects who completed the car-
diac rehabilitation exercise program on the cycle ergometer
exceeded maximal RPP during 85% HRR-CE. In terms of
cardiac events, CE induced 8 cases of cardiac events which
included light chest pain (4 cases), arrhythmia (3 cases)
compared to just one case of chest pain during TM. Twenty-
one patients complained of strenuous exertion with PRE 17
or over during cycle ergometer exercise at 85%HRR (Ta-
ble 4). All cardiac events occurred during increased RPP.
A number of patients complained during performance of
CE and terminated exercise (70% HRR exercise was ex-
cluded). Although cardiac events were not observed, 16 out
of 118 patients who were excluded from the study groups
complained of leg pain or interrupted exercise sessions due
to excessive fatigue during CE'"> 9. Therefore, additional
recommendations for cardiac rehabilitation guidelines may
be needed, explaining the differences in exercise intensity
between TM and CE along with selective guidelines for pa-
tients with cardiovascular diseases, aneurysm, or exercise-
induced high blood pressure.

This study had several limitations. First, it was difficult
to reach target heart rates within the given time of 12 min-
utes by control of the exercise intensity. The pedaling speed
as well as the power (watts) was adjusted for each patient
in consideration of his/her physical condition. In addition,
it was difficult to balance or adjust the angle of incline as
well as the speed on the treadmill during TM. Differences
in adjustments may have resulted in minor differences in
exercise intensities among patients.
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