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Exercise training is safe after coronary
stenting: a prospective multicentre study

Marie-Christine Iliou1, Bruno Pavy2, Jimena Martinez1,

Sonia Corone3, Philippe Meurin4, Philippe Tuppin5, on behalf of

CRS investigators and GERS (Groupe Exercice Réadaptation,

Sport) from the French Society of Cardiology

Abstract

Background: Data on the safety of exercise training after coronary stenting are scarce.
Design: This is a prospective cohort study of 3132 patients with coronary stenting within the last 12 months, recruited

by 44 cardiac rehabilitation centres; patients were included in a cardiac rehabilitation programme with training sessions

3–5 days a week. Cardiac rehabilitation was defined as early rehabilitation when starting <1 month after coronary

stenting and as late rehabilitation when starting later.

Methods: Rate of acute coronary syndrome (ACS) after coronary stenting was estimated according to time to training

session. ACS was defined as related to exercise when it occurs during or within the hour after an exercise stress test or a

training session. All ACS were documented by an angiographic control.

Results: Overall 5016 stents (41.4% drug-eluting stents) were implanted in 3132 patients aged 56.5� 12.9 years (84.7%
men) with a median of 1 stent (range 1–8) per patient. Indication of coronary senting was ACS (86.4%), angina pectoris

(8.6%), and silent ischaemia (5%). Combined antiplatelet treatment was used in 97.2% of the patients. Overall rate of ACS

after coronary stenting was 2.9/1000 patients, corresponding to 1.7 complications out of 106 patient-hours of exercise.

There were four stent thromboses related to exercise (1.2/1000 patients, 0.8/106 patient-hours of exercise): two in the

early rehabilitation group (days 9 and 11), and two in the late rehabilitation group (days 77 and 228).

Conclusions: Exercise training seems safe and there is no justification to delay cardiac rehabilitation after coronary

stenting.
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Introduction

Although the rate of stent thrombosis occurrence

within 12 months after percutaneous coronary inter-

vention (PCI) was reported to be approximately 1%

because of a new dual-antiplatelet therapy regimen,

the mortality due to stent thrombosis was estimated

around 20–40%.1 As such, to reduce the incidence of

restenosis (but not necessarily thrombosis) in the

stented coronary area, a drug-eluting stent (DES) was

introduced.2,3 In the DES, however, even if stent

thrombosis is quite rare, late stent thrombosis may

occurred 1–12 months after the intervention due to

delayed strut endothelialization and potential pro-

thrombotic characteristics.1 Thus, safety continues to

be a problem.4 The risk of late thrombosis, particularly

with DES, and the relationship between new coronary

events and the types of stents is still under debate.5,6
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Besides, exercise per se represents a clinical situation

in which some pathophysiological modifications may

induce acute phenomenon such as plaque disruption,

platelet aggregation, and/or sympathetic activation

and, consequently, it may enhance the risks of stent

clotting.7 However, cardiac rehabilitation, and in par-

ticular exercise training, is recognized as an essential

part of the modern management of main cardiac dis-

eases.8,9 Exercise training significantly reduces morbid-

ity and mortality in coronary patients after an acute

coronary syndrome (ACS) or coronary artery bypass

graft surgery. After PCI, with or without stent implant-

ation, exercise training has demonstrated improve-

ments in exercise tolerance and in prognosis.10–12 The

theoretical risk of stent thrombosis may lead some

physicians to delay exercise training or not to refer a

patient to a cardiac rehabilitation centre.13,14

The purpose of this study was to prospectively assess

the safety of exercise training in patients starting

cardiac rehabilitation within 12 months after coronary

stenting.

Methods

Study population

All patients referred to 44 cardiac rehabilitation centres

(42 centres from France, one from Belgium, and one

from Switzerland) between May 2007 and May 2008

and, with one or more coronary stentings within the

last 12 months, were included in this prospective, obser-

vational study. All subjects were asked to participate in

a cardiac rehabilitation programme. The cardiac

rehabilitation programme includes exercise training,

secondary prevention measures (nutrition, tobacco

behavioural management), and psychosocial support.

Only patients having performed one supervised exercise

training session at least are included in the present

analysis.

Exercise training programme

Before the first exercise training session, all patients

underwent a complete full cardiac examination includ-

ing at least one cardiac examination, echocardiography,

and exercise testing. All patients underwent another

exercise stress test after the last exercise training ses-

sion. All exercise stress tests were supervised by a

cardiologist.

The exercise training programme may differ between

centres but should include callisthenics and bicycle or

treadmill endurance exercise training for 1 or more

hour per exercise training session. Training sessions

were performed 3–5 days a week over a period of 6–7

weeks in France, 6 months in Belgium, and 1 month in

Switzerland. Based on the maximum and resting heart

rates that were measured in the exercise stress test, the

heart rate reserve was calculated, and patients were

encouraged to exercise in order to reach the target

heart rate (70–80% of the heart rate reserve).

Ascertainment of ACS and recorded data after

coronary stenting

Information on ACS (unstable angina, non-ST-seg-

ment elevation myocardial infarction, and ST-segment

elevation myocardial infarction) and death was avail-

able up to the end of cardiac rehabilitation.

All ACS were documented by a new coronary angi-

ography. Stent thrombosis was defined according to the

Academic Research Consortium definition.15 The

events were considered as related to exercise if they

occurred during or within the hour after an exercise

stress test or a training session. All ACS were reviewed

by an independent committee made of four cardiolo-

gists not involved in the follow up of those patients.

Main data recorded at baseline were demographic

data, cardiovascular risk factors, indication for cardiac

rehabilitation, drug treatment, and date, reason,

number, and site of coronary stenting.

Main data recorded at end of follow up were max-

imal exercise workload during the first and during the

last exercise testing, number and duration of exercise

training sessions, and when applicable, date of occur-

rence, type of event, evolution of ACS, and angiog-

raphy results.

Statistical analysis

Statistical analysis is descriptive. Otherwise specified,

data are expressed as mean� standard deviation. The

main objective was to estimate the rate of ACS related

to a supervised exercise. The number of patient-hours

was calculated as the number of patients� the number

of training sessions� the mean duration of each session

at each centre.

The population was divided into two groups: an

early rehabilitation group when start of cardiac

rehabilitation was less than 1 month after the last cor-

onary stenting vs. an late rehabilitation group when

start of cardiac rehabilitation was 1 month or more

after the last coronary stenting.

Statistical analysis was performed with

STATISTICA version 6.1 (2004; StatSoft, France).

Results

There were 3132 patients who performed at least one

training session. The baseline characteristics of the

study population are shown in Table 1. Participants

2 European Journal of Preventive Cardiology 0(00)



were 56.5� 12.9 years old (range 20–91) at baseline,

and 85% were male. Cardiac rehabilitation was started

within 1 month of the coronary stenting in 58% of the

patients. The main motive of coronary stenting was

ACS (87% of patients, and among them 50% had a

ST-segment elevation associated with increased tropo-

nin level). The most common risk factors were dyslipi-

daemia (64%), tobacco use (55%), and hypertension

(41%). Almost all patients received combined antipla-

telet therapy (97%). At the beginning of the cardiac

rehabilitation, 91% of the patients received a beta-

blocker, 85% of the patients received an angiotensin-

converting enzyme inhibitor and/or an angiotensin

receptor blocker, and 97% of the patients received a

statin.

The patients performed their first exercise stress test

on a bicycle a median of 26 days after coronary stenting

(range 4 to 362 days), and 58% of the patients per-

formed their first exercise test within 30 days after cor-

onary stenting. The maximal workload was 105� 36W

Table 1. Demographics and clinical characteristics at baseline

Clinical characteristics

Whole population

(n¼ 3132)

Coronary stenting

<1 month (n¼ 1821)

Coronary stenting

�1 month (n¼ 1311)

Age (years) 56.5� 12.9 56.1� 11.5 57.3� 11.2

Male sex 84.7 86.7 82.1

Cardiovascular factors

Diabetes 16.7 15.8 18.1

Dyslipidaemia 63.7 64.1 63.9

Hypertension 41.3 36.7 44.1

Tobacco use 54.8 58.7 50.2

Family history 37.3 39.2 35.5

LVEF <35% 8.5 7.9 9.6

Stent indication

ACS 86.5 90.6 80.7

Exercise angina 8.5 5.5 12.7

Silent ischaemia 5 3.9 6.5

Number of stents

1 stent 61.7 62.0 61.4

2 stents 24.6 25.5 23.4

3 stents 8.6 7.8 9.6

4 stents 2.9 2.7 3.2

>4 stents 2.2 2.0 2.4

Bare-metal stent (n)

LAD 1340 775 565

LCx 658 385 273

RCA 1256 734 522

Drug-eluting stent (n)

LAD 930 515 414

LCx 320 181 139

RCA 517 301 216

Aspirin 98.7

Dose (mg/day) 100� 45 105� 42 98� 47

Clopidogrel 96.6

Dose (mg/day) 73� 25 77.8� 17.8 73.2� 24.8

Beta-blocker 90.8 92.2 89.1

Statin 97.1 98.0 96.4

ACEI/ARB 85.1 85.8 84.7

Values are mean� SD or % unless otherwise stated.; ACEI, angiotensin-converting enzyme inhibitor; ACS, acute cor-

onary syndrome; ARB, angiotensin receptor blocker; LAD, left anterior descending coronary artery; LCx, left circumflex

coronary artery; LVEF, left ventricular ejection fraction; RCA, right coronary artery.

Iliou et al. 3



with a maximal heart rate of 130� 16 beats/min (77%

of the predicted maximal heart rate). After a mean of 20

exercise sessions, the exercise stress test workload

reached 131� 45W at 79.8% predicted maximal

heart rate, corresponding to a mean increase of

21.3� 12.7% in exercise capacity (Table 2). The com-

pliance to exercise training is 94% (i.e. 18.8 sessions

completed to 20 sessions expected). These patients per-

formed a total of 5.09� 106 patient-hours of exercise

training.

ACS and stent thrombosis

Overall, nine ACS were reported throughout the follow

up. No ACS was reported after an exercise stress test,

five ACS occurred within 1 h after the exercise training

session, and four ACS occurred at distance of the end

of exercise (Table 3). In these nine patients, the reason

of the coronary stenting was an ACS and the time from

the coronary stenting to the new ACS ranged from

9 to 214 days.

The overall rates of ACS in this population were 2.9/

1000 patients, 1.7/106 patient-hours, and 1.8 /1000

stents. The rate of ACS related to exercise was 1.2/

1000 patients, corresponding to 0.8/106 patient-hours

in the early rehabilitation group and 1.1/106 patient-

hours in the late rehabilitation group.

The nine patients with ACS underwent an angiog-

raphy control. Five out of the nine patients with ACS

had a stent thrombosis (Table 4), and in four of them

(patients 1, 2, 3, and 4) ACS was related to exercise.

The interval between ACS and coronary stenting was 9,

11, 77, and 228 days, respectively. The 4-stent throm-

boses occurred in BMS: thrombosis was located in a

stent implanted in the left anterior descending artery in

three patients (patient 1, 2, 4) and in a stent implanted

in the right coronary artery in another patient (patient

Table 2. Stress test and exercise training sessions

Whole population

(n¼ 3132)

Coronary stenting

<1 month (n¼ 1821)

Coronary stenting

�1 month (n¼ 1311)

Interval between coronary stenting and

exercise stress test (days)

41.5� 49.3 17.2� 6.9 75.3� 61.6

Median (range) 26 (4–362) 17 (4–30) 50 (22–362)

Baseline stress test

Workload (W) 105� 36 105� 35.5 105� 38.3

% of predicted maximal heart rate 71� 12 70� 12 73� 12

Exercise training sessions performed

Mean� SD 18.8� 9.9 18.2� 8.3 19.6� 11.7

Median (range) 20 (1–60) 20 (1–60) 20 (1–60)

<10 sessions (%) 7.7 8.4 6.9

10–19 sessions (%) 44.1 45.8 41.5

20–29 sessions (%) 44.4 42.9 46.5

�30 sessions (%) 3.8 2.9 5.0

Exercise training session duration (min) 90� 38 82� 36 102� 31

Final exercise stress test

Final workload (W) 131� 45 133� 44 130� 46

% of predicted maximal heart rate 79.8� 13.1 79.5� 13.2 80.2� 13.0

If not stated, values are mean� SD.

Table 3. Acute coronary syndrome according to time of end of

exercise and results of the angiography

Coronary

stenting

<1 month

(n¼ 1821)

Coronary

stenting

�1 month

(n¼ 1311)

ACS

<1 h after end of exercise 2 3a

�1 h after end of exercise 0 4

Concomitant angiography of the ACS

Stent thrombosis 2 3a

Restenosis 0 4

Values are n; aIncludes a patient with temporary discontinuation of clo-

pidogrel 6 days before the occurrence of the ACS; ACS, acute coronary

syndrome.

4 European Journal of Preventive Cardiology 0(00)



3). One patient received only aspirin at the time of the

ACS as clopidogrel was temporarily discontinued 6

days before. The three other patients had no specific

history of thrombosis and received dual-antiplatelet

therapy regimen.

Other major events and deaths

One patient developed a transient ischaemic attack

within 1 h after the end of an exercise training session

and 28 days after coronary stenting. No coronary angi-

ography was performed and the patient received only

medical treatment.

A non-sustained ventricular arrhythmia was

reported in one patient within 1 h of exercise and

27 days after coronary stenting and in another patient

more than 1 h after exercise and 22 days after coronary

stenting. A cardiac defibrillator was implanted in the

last patient.

A total of three deaths were reported: a haemor-

rhagic stroke 15 days after coronary stenting; a cardio-

genic shock 37 days after coronary stenting in a

82-year-old patient with chronic heart failure; and one

patient died few days after a coronary artery bypass

graft secondary to the restenosis of 3 stents in the left

anterior descending coronary artery 119 days after cor-

onary stenting. There was no evidence that those deaths

were related either to stent complication or to exercise.

All deaths occurred at rest.

Discussion

As hospital stay has shortened due to advances in cor-

onary artery intervention and the development of novel

drugs, the need to control possible complications and

risk factors of recurrence has emerged.16

Cardiac rehabilitation is considered particularly

important because it is known to improve the exercise

capability of patients with coronary artery disease and

in the secondary prevention of the disease through a

comprehensive programme that consists of an indivi-

dualized exercise programme, drug therapy, and non-

drug intervention.17

Both the BMS and the DES have the possible issue

of stent thrombosis and restenosis, and thus, may result

in the recurrence of myocardial infarction and death.18

The rate of ACS or stent thrombosis was very low in

the present prospective study in patients with coronary

stenting within the last 12 months and referred for exer-

cise training. Neither the interval between start of car-

diac rehabilitation and stenting nor the exercise per se

seems to be related to the occurrence of ACS or stent

thrombosis. Moreover, this study provide data to state

no difference between early (<1 month) and late (>1

month) exercise training after stenting.

Preliminary studies have reported few cases of stent

thrombosis secondary to exercise,19–22 when recent

trials have shown the safety of exercise training.10,23–26

In 2002, Goto et al.23 published a study on nearly 4360

patients who underwent maximal exercise tests

and rehabilitation 14 days after stenting in myocardial

infarction and reported only one subacute stent

thrombosis related to exercise (0–0.02%). Based on

those results and as underlined by the Cardiac

Rehabilitation Section of the European Association

of Cardiovascular Prevention and Rehabilitation,

although symptom-limited exercise testing can be

safely performed 7 to 14 days after primary PCI

Table 4. List of all acute coronary syndromes

Patient

Clinical

condition

Time from

CS to 1st

exercise

stress test

(days)

Time from

1st exercise

stress

test to

ACS (days)

Total time of

exercise training

before ACS (h)

Exercise-

related

ACS? Angiography results Treatment of ACS

1 ACS (STEMI) 8 1 1 Yes Thrombosis LAD stent PCIþDES

2 ACS (NSTEMI) 9 2 1 Yes Thrombosis LAD stent CABG

3 ACS (STEMI) 22 55 30 Yes Thrombosis RCA stent a PCI

4 ACS (STEMI) 30 228 45 Yes Thrombosis LAD stent PCI

5 ACS 14 45 42 Yes Restenosis LCx PCIþ BMS

6 ACS 38 15 38 No Restenosis LAD PCIþDES

7 ACS 15 61 38 No Restenosis RCA Medical treatment

8 ACS 87 24 30 No Restenosis LAD Medical treatment

9 ACS (STEMI) 109 105 90 No Thrombosis LAD stent Medical treatment

aDiscontinuation of clopidogrel 6 days before; ACS, acute coronary syndrome; BMS, bare metal stent; CABG, coronary artery bypass grafting; CS,

coronary stenting; DES, drug-eluting stent; LAD, left anterior descending; LCx, left circumflex coronary artery; NSTEMI, non-ST-segment elevation

myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction.

Iliou et al. 5



(when an exercise training programme can be initiated),

its application is scarce in routine clinical

practice.23,25,27

In the most recent publication on 3672 patients who

underwent successful coronary stenting, the patients

decided whether to participate in exercise and were

divided into an exercise training group (n¼ 1592) and

a control group (n¼ 2080).25 The incidence of stent

thrombosis and major adverse cardiovascular events

were similar in both groups (1.8 vs. 2.0%, p¼ 0.73;

14.9 vs. 15.0%, p¼ 0.97, respectively). However, this

study included only home-based exercise and no super-

vised exercise training;

In the HORIZONS-AMI study,28 subacute stent

thrombosis (>24 h to 30 days) was reported in 1.6%

of patients and late events (>30 days to <1 year) in

1% of patients. The HORIZONS-AMI trial demon-

strates that early stent thrombosis (0–30 days) occurred

as a result of angiographic features, diabetes, and acute

antithrombotic medication use. Late stent thrombosis

(30 days to 1 year) was associated with current smok-

ing, a history of myocardial events, and insulin-treated

diabetes. However, in this trial no data on exercise are

available.

In another study, the strongest predictor of stent

thrombosis within the 30 days after PCI for ST-segment

elevation myocardial infarction were was the lack of

clopidogrel therapy in the first 30 days after the index

PCI.29 In the present study, one of the observed ACS

and stent thrombosis occurred in a patient who had

discontinued clopidogrel treatment.

In the present study, the rate of stent thrombosis was

similar within the first month or later after coronary

stenting. It means that early start of cardiac rehabilita-

tion after coronary stenting does not increase the risk

of exercise-related stent thrombosis. According to

the Cardiac Rehabilitation Section of the European

Association of Cardiovascular Prevention and

Rehabilitation,27 after uncomplicated procedure, phys-

ical activity can start the next day, and after a large

and/or complicated myocardial damage, physical activ-

ity should start after clinical stabilization, and be

increased slowly, according to the symptoms.

The present study had some limitations. First, it was

not a randomized study. However, as all those patients

were referred to the study centres for cardiac rehabili-

tation, it would have been unethical to randomize

between immediate exercise stress test and start of exer-

cise training vs. delayed start of exercise training.

Secondly, the decision to participate in the cardiac

rehabilitation programme was left to the patients.

Thus, it was impossible to perform a randomized

study. The multicentric model minimizes the patient

selection. However, the present study reflects more cur-

rent clinical practice with less bias related to the

selection of patients than in a randomized clinical

trial with strict inclusion and exclusion criteria. The

low rate of events may be due to a probably low-risk

study group with a low number of patients with left

ventricular dysfunction or diabetes as classical refer-

ence to cardiac rehabilitation,30 the clinical and exercise

evaluation performed before the cardiac rehabilitation

which permits to detect abnormalities or contraindica-

tions to exercise, the supervised model which forced the

patients to maintain a prescribed exercise protocol, and

the high proportion in patients who take the recom-

mended medications.31 Thirdly, technical parameters

of the stent implantation such as diameter or stent

length and or/successful stenting and possible antipla-

telet resistance were not analysed. Fourthly, the differ-

ence in the management of various risk factors, such as

hypertension, diabetes, hyperlipidaemia, obesity, and

smoking between the two groups was not clearly iden-

tified. However, the very low rate of ACS in this popu-

lation does not allow adjustment for possible

confounding factors. On the other hand, possible con-

founding factors cannot jeopardize the main conclusion

of the present study.

In conclusion, exercise training is safe after coronary

stenting even if started within the first month after stent

implantation.
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