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Abstract

The aim of this present study was to investigate the effects of training on exercise tolerance of patients with
coronary heart disease after percutaneous coronary intervention. Fifty-seven cases of coronary heart disease after
percutaneous coronary intervention were divided randomly into the rehabilitation training group (26 cases) and
control group (31 cases). Patients in the rehabilitation training group received rehabilitation training at different
stages and exercise intensities 3 d after percutaneous coronary intervention for 3 months. The heart rate, blood
pressure, ECG changes in treadmill exercise test, and the frequency of anginal episodes were observed. The re-
sults showed that NST and XST of ECG and the frequency of anginal episodes were significantly reduced in the
rehabilitation training group. In addition, exercise tolerance was improved and the total exercise time was length-
ened in these patients. Moreover, ST segment depression time and emergence time of angina with exercise were
also lengthened compared with controls (P < 0.05, or 0.01). However, the heart rate and blood pressure before and
after exercise of the two groups were similar. The study indicated that rehabilitation training could significantly
relieve angina, amend ischemic features of ECG, and improve exercise tolerance of coronary heart disease patients
after percutaneous coronary intervention.
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with coronary artery disease. As a consequence, more
and more people are now living with the disease. Since
PCI is not a cure, strategies aiming at lessening dis-
ease progression and improving the cardiac functional

INTROCUTION

Percutaneous coronary intervention (PCI) is a safe,
effective, non-surgical treatment for coronary artery

disease'™. There has been an exponential increase in
the demand for PCI since the 1980s, which has be-
come the treatment of choice for many individuals
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status in these individuals are critical to an improved
therapeutic outcome. Exercise is a central component
of any cardiac prevention and rehabilitation strategy.
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Individualized exercise programs that incorporate
physical activity and counseling can potentially im-
prove the clinical outcomes of these patients'™. Epi-
demiological data indicate that exercise and risk fac-
tor control can improve the quality of life in patients
with coronary heart disease, reduce the incidence of
coronary heart disease in the population and mortal-
ity'"". Regular high-intensity interval exercise training
was found to significantly reduce late luminal loss in
the stented coronary segment, which was associated
with increased aerobic capacity™'”. However, further
larger studies are needed to fully investigate the ef-
fects of exercise in patients with PCI. In this study, we
studied the effect of exercise on exercise tolerance in
57 patients with coronary heart disease after PCI by
measuring the exercise tolerance in the treadmill test,
heart rate changes, ECG changes and onset of anginal
episodes before and after exercise training.

SUBJECTS AND METHODS

Subjects

A total of 57 patients were diagnosed and under-
went successful PCI. Coronary heart disease was di-
agnosed by the WHO coronary heart disease diagnos-
tic standard. The subjects were randomized into the
rehabilitation training group and control group. The
exclusion criteria included those patients with myo-
carditis, cardiomyopathy, pulmonary heart disease,
or glaucoma, and with liver and kidney abnormality.
Patients were also excluded if they had severe dys-
rhythmia, complete left bundle branch block and other
contraindications for treadmill test. Patients were also
excluded if they had acute myocardial infarction or
a second coronary artery reconstruction within the
previous month. The study protocol was approved by
the local institutional review board at the authors” in-
stitutions and informed consent was obtained from all
study participants.

Treatment

Apart from PCI, the two groups received identi-
cal conventional therapy including oral aspirin, ni-
trates, angiotensin I convertase inhibitors or statins.
The rehabilitation training group began rehabilitation
training 3 d after PCI and during each training ses-
sion ECG was monitored. Rehabilitation training was
carried out in 3 stages 1. In the ICU stage, patients
walked slowly and each session lasted 5 to 10 min.
The target heart rate (THR) was less than 50% of the
limiting heart rate. 2. In the regular ward stage, pa-
tients carried out regular rhythmic low-intensity ex-
ercise. 1) The patients were asked to walk or slowly

climbing or descending the stairs for 5 to 10 min per
session and 3 to 4 sessions/d. The THR was 50% of
the limiting heart rate. 2) The patients slowly exer-
cised the upper or lower limb and did body stretch for
5 to 10 min/session and 3 to 4 sessions/d. The THR
was 50% of the symptom-limiting heart rate. 3) In
the pre-discharge stage, the patients were asked to
walk on level ground for 3 to 5 min and gradually in-
creased the pace of walking until the patient started to
feel fatigue. Exercise intensity was set at the THR at
65% to 80% of the maximum heart rate. The exercise
time was 20 to 40 min and the mode of exercise was
bicycling, boat rowing, hand and arm swing car, and
treadmill exercise. Relaxation exercise for 5 to 10 min
after regular exercise could return blood pressure and
heart rate to the pre-warm up level. The frequency of
exercise was 2 to 3 sessions/week, which consisted of
warm up period, exercise period, recovery period. If
discomfort appeared during exercise, appropriate drugs
were taken and risk control measures were carried out.
In the meanwhile, periodic educational sessions on
prevention and treatment of coronary heart disease,
risk factor control and detection, dietary guideline for
coronary heart disease and psychological counseling
were provided. The control group did not receive re-
habilitation training. After 3 months, treadmill ECG
was carried out (GE Marqurtte 2000 treadmill, Gen-
eral Electric Co., Fairfield, CT, USA) using the modi-
fied Bruce method.

Exercise amount was the sub-maximum amount and
the primary endpoints were 1) the occurrence of the
maximum predicted heart rate; 2) the occurrence of
typical angina; 3) a decrease of blood pressure = 10
mmHg during exercise; 4) failure to continue exer-
cise because of fatigue, or heart rate did not increase
after exercise and fatigue, chest tightness or shortness
of breath occurred; 5) the occurrence of frequent pre-
mature ventricular heart beat, ventricular tachycardia,
atrial fibrillation, atrial tachycardia or other malignant
dysrhythmia; 6) the patients met the positive stand-
ards, i.e. ischemic ECG changes after or during exer-
cise: ST segment decline = 1 mm, lasting more than
>2 min. If angina occurred during the study, nitro-
glycerin was administered. Before and after treatment,
liver and kidney function, blood lipid, glucose, blood
uric acid, electrolytes, blood and urine routine chem-
istry, ECG at rest and treadmill test, heart rate, blood
pressure, rate-pressure product at rest and during ex-
ercise were recorded. The following parameters were
also measured: ST segment decline per the number of
sites (NST), the sum of ST depressions (XST), total
exercise time, the time from the start of exercise to a
depression of 1 mm in ST segment, the time from the
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Table 1 Effect of rehabilitation training on the heart rate and blood pressure after percutaneous coronary in-

tervention (PCI) in patients with coronary heart disease (x%£s)
Group Number of cases Atrest During exercise
HR(beat/min) SBP(kPa) DBP(kPa) RPP HR(beat/min) SBP(kPa) DBP(kPa) RRP product

Exercise group 26

Control group 31

752811216 17.661+2.43 8.78+1.26 1328.21+133.52 142.12+13.26 21.57+4.29 10.27+1.38 3087.39+353.32
74.871+13.32 17.54+2.51 8.6411.35 1313.37114.67 144.31£14.82 23.36=5.26 10.5311.86 3321.65=417.71

Compared with the controls, P< 0.05, P < 0.01. HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; RPP: rate-pressure

product.

start of exercise to the onset of angina, maximum de-
pression of ST segment, and maximum exercise toler-
ance (METs). The number of anginal episodes, nature
of pain, and the number of times of nitroglycerin taken
during treatment was recorded and heart rate, blood
pressure and side effects were measured.

Statistical analysis

Data were expressed as x = s and analyzed using the
SPLM software (Department of Statistics, the Fourth
Military Medical University, Xi“an, Shaanxi, China)
and Student’s ¢ test and ANOVA were performed for
difference between groups. A P value less than 0.05
indicated statistical difference.

RESULTS

Fifty-seven patients were recruited in the study.
They included 44 males and 13 females whose
age ranged from 48 to 69 years with an average of
58.41+6.3 years. Twenty-one patients were rand-
omized into the rehabilitation training group and 31
patients were randomized into the control group.
The age for the two groups was 59.415.9 years and
58.31+6.1 years, respectively, with a male to female
ratio of 21/5 and 23/8, respectively. They included 35
cases of stable angina, 17 cases of unstable angina, 5
cases of old myocardial infarct, 23 cases of combined
primary hypertension, 12 cases of diabetes mellitus, and
19 cases of hyperlipidemia. No statistical difference
in disease course, complications and clinical features
was observed between the two groups. The number of
anginal episodes during the follow-up period for the
rehabilitation training group and control group was
4.84%1.62 and 5.131+2.07 episodes/week, respectively.
The amount of nitroglycerin taken was 2.73+0.93 and
2.8841.31 mg/week, respectively, and there was no

Table 2 Effect of rehabilitation training on main parameters during treadmill test

statistical difference between the two groups.

Treadmill test revealed no statistical difference in
heart rate, systolic and diastolic pressure, heart rate
at rest between the rehabilitation training group and
control group (P > 0.05). Rate-pressure product during
exercise was lower in the rehabilitation training group
than the control group, but no statistical difference
was found (P > 0.05). Total exercise time 3 months
after therapy for the rehabilitation training group was
significantly longer than that of the controls, and MET
was also markedly increased (P < 0.05). The time
from the start of exercise to ST segment depression of
1 mm, and time from the start of exercise to the onset
of angina in the rehabilitation training group was also
significantly longer than that of the controls (P < 0.01).
During peak exercise, ST segment depression was more
noticeable in the rehabilitation training group than the
controls with a statistically significant difference (P <
0.01). Angina during exercise occurred in 5 cases in the
rehabilitation training group and 11 cases in controls
and the difference between the two groups was statisti-
cally different (P < 0.05) (Table 1 and Table 2).

Changes in liver and kidney function, blood lipid,
blood sugar, blood uric acid, electrolytes and blood
and urine routine chemistries were of no clinical sig-
nificance. No other side effects were found.

DISCUSSION

Over recent years, with the development of cardio-
vascular medicine, rehabilitation for coronary heart
disease has evolved into rehabilitation after myocar-
dial infarction and into rehabilitation after interven-
tional therapy''™". It has been shown that rehabilita-
tion training for patients after PCI could noticeably
increase the physical and working capacity of patients
with coronary heart disease, improve blood supply to

(x*s)

Total exercise Time to ST depression ~ Maximum ST ~ Time to anginal Maximum exercise
Group Number of cases
time (min) 1 mm (min) depression (mm)  episode (min) tolerance (METSs)
Rehabilitation training group 26 7.64£2.31 5.871+1.45" 1.3240.37" 6.79+1.63" 6.851+1.64"
Control group 31 6.21+2.34 4.12+1.83 1.76£0.56 5.34+1.68 5.83+1.67

Compared with the controls, P < 0.05, “P < 0.01.
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the ischemic myocardium. In addition, regular aero-
bic exercise and appropriate dietary control have been
shown to lower triglycerides and increase the high
density lipoprotein cholesterol ratio (HDL-C/TC)"™'*"
These findings suggest that rehabilitation training
helps delay or prevent atherosclerosis of the coronary
arty and improve cardiac functional status after PCI.
In addition, prescribed rehabilitation exercise has be-
come one of the methods for management of cardio-
vascular diseases.

We studied the effect of rehabilitation training on
exercise tolerance in patients with coronary heart dis-
ease who received PCI by using treadmill exercise
test and we found no difference in heart rate, systolic
pressure and diastolic pressure at rest and during ex-
ercise. We also found no difference in heart rate and
rate-pressure product at rest between the two groups.
The negative results may be related to the small sam-
ple size and the length of observation as efficacy may
take longer to demonstrate for rehabilitation therapy.
Total exercise time, time from the start of exercise to
the occurrence of ST depression 1 mm, time from the
start of exercise to the onset of angina at 3 months af-
ter rehabilitation therapy were noticeably lengthened
compared with controls. We found that ST segment
moved lower during peak exercise and the maximum
exercise tolerance increased significantly. The number
of anginal episodes was also markedly lower in the
rehabilitation training group, indicating that rehabili-
tation training could improve the exercise capacity of
patients with coronary artery disease and blood cir-
culation in the myocardium. Individualized exercise
through prescribed exercise type, intensity, exercise
interval and frequency can tailor to the needs of indi-
viduals and thus better promote cardiac function and
prevent the progression of coronary heart disease' ™.
One limitation of the current study is the low number
of study subjects, which may limit the generalizabil-
ity of our findings. In addition, our patients were re-
cruited from a tertiary hospital setting and the findings
may not be applicable to those patients who are seen
in primary care settings. We are currently carrying out
further study on the effect of rehabilitation training on
exercise tolerance after PCI in a larger patient popula-
tion from both tertiary and primary care settings.

References

[1] Degeare VS, Dangas G, Stone GW, Grines CL. Inter-
ventional procedures in acute myocardial infarction. Am
Heart J 2001; 141: 15-24.

[2] Holmes DR Jr. State of the art in coronary intervention.
Am J Cardiol 2003; 91(3A): 50-3

[3] Lee MS, Yang T, Dhoot J, Liao H. Meta-analysis of

(4]

(5]

(6]

(7]

(8l

(9]

[10]

(11]

(12]

[13]

[14]

[15]

clinical studies comparing coronary artery bypass graft-
ing with percutaneous coronary intervention and drug-
eluting stents in patients with unprotected left main
coronary artery narrowings. Am J Cardiol 2010; 105:
1070-5.

Kim C, Kim DY, Lee DW. The impact of early regu-
lar cardiac rehabilitation program on myocardial func-
tion after acute myocardial infarction. Ann Rehabil Med
2011; 35: 535-40.

Kim C, Youn JE, Choi HE. The effect of a self exercise
program in cardiac rehabilitation for patients with coro-
nary artery disease. Ann Rehabil Med 2011; 35: 381-7.
Astengo M, Dahl A, Karlsson T, Mattsson-Hultén L,
Wiklund O, Wennerblom B. Physical training after per-
cutaneous coronary intervention in patients with stable
angina: effects on working capacity, metabolism, and
markers of inflammation. Eur J Cardiovasc Prev Reha-
bil 2010; 17: 349-54.

Dendale P, Berger J, Hansen D, Vaes J, Benit E, Wey-
mans M. Cardiac rehabilitation reduces the rate of major
adverse cardiac events after percutaneous coronary in-
tervention. Eur J Cardiovasc Nurs 2005; 4: 113-6.

Pavy B, Iliou MC, Meurin P, Pavy B, Iliou MC, Meurin
P, et al. Safety of exercise training for cardiac patients:
results of the French registry of complications during car-
diac rehabilitation. Arch Intern Med 2006; 166: 2329-34.
Back M, Wennerblom B, Wittboldt S, Cider A. Effects
of high frequency exercise in patients before and after
elective percutaneous coronary intervention. Eur J Car-
diovasc Nurs 2008; 7: 307-13.

Munk PS, Staal EM, Butt N, Isaksen K, Larsen AI.
High-intensity interval training may reduce in-stent res-
tenosis following percutaneous coronary intervention
with stent implantation A randomized controlled trial
evaluating the relationship to endothelial function and
inflammation. Am Heart J 2009; 58: 734-41.

Kwan G, Balady GJ. Cardiac rehabilitation 2012: ad-
vancing the field through emerging science. Circulation
2012. 21; 125: e369-73.

Griffo R, Ambrosetti M, Tramarin R, Fattirolli F, Tem-
porelli PL, Vestri AR, et al. Effective secondary preven-
tion through cardiac rehabilitation after coronary revas-
cularization and predictors of poor adherence to lifestyle
modification and medication. Results of the ICAROS
Survey. Int J Cardiol 2012 May 8. Epub, PMID:
22575623.

Bestehorn K, Jannowitz C, Horack M, Karmann B, Halle
M, Voller H. Current state of cardiac rehabilitation in
Germany: patient characteristics, risk factor management
and control status, by education level. Vasc Health Risk
Manag 2011; 7: 639-47.

Listerman J, Bittner V, Sanderson BK, Brown TM. Car-
diac rehabilitation outcomes: impact of comorbidities
and age. J Cardiopulm Rehabil Prev 2011; 31: 342-8.
Hambrecht R, Walther C, Mobius-Winkler S, Gielen S,
Linke A, Conradi K, et al. Percutaneous coronary angi-
oplasty compared with exercise training in patients with



252

[16]

stable coronary artery disease: a randomized trial. Cir-
culation 2004; 109: 1371-8.

Yu CM, Lau CP, Chau J, McGhee S, Kong SL, Cheung
BM, et al. A short course of cardiac rehabilitation pro-
gram is highly cost effective in improving long-term
quality of life in patients with recent myocardial infarc-
tion or percutaneous coronary intervention. Arch Phys
Med Rehabil 2004; 85:1915-22.

[17] Ueland T, Kvaley JT, Larsen Al. High intensity interval

training reduces systemic inflammation in post-PCI pa-

(18]

[19]

Cui F et al. / Journal of Biomedical Research, 2012, 26(4): 248—-252

tients.Munk PS, Breland UM, Aukrust P, Eur J Cardio-
vasc Prev Rehabil 2011; 18: 850-7.

Munk PS, Butt N, Larsen Al. High-intensity interval ex-
ercise training improves heart rate variability in patients
following percutaneous coronary intervention for angina
pectoris. Int J Cardiol 2010 19; 145: 312-4.

Throndson K, Sawatzky JA.Improving outcomes follow-
ing elective percutaneous coronary intervention: the key
role of exercise and the advanced practice nurse. Can J
Cardiovasc Nurs 2009; 19: 17-24.

CLINICAL TRIAL REGISTRATION

The Journal requires investigators to register their clinical trials

in a public trials registry for publication of reports of clinical trials

in the Journal. Information on requirements and acceptable registries

is available at www.icmje.org/faq_clinical.html.




