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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 |2 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 <l 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 | 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 10° patient-hours of exercise.
There were four stent thromboses related to exercise (1.2/1000 patients, 0.8/10° 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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be a problem.* The risk of late thrombosis, particularly
with DES, and the relationship between new coronary
events and the types of stents is still under debate.>®

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%." As such, to reduce the incidence of
restenosis (but not necessarily thrombosis) in the
stented coronary area, a drug-eluting stent (DES) was
introduced.”® 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.! Thus, safety continues to
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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.” However, cardiac rehabilitation, and in par-
ticular exercise training, is recognized as an essential
part of the modern management of main cardiac dis-
cases.> 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.'®'? 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.'>'

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.'> 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 x the number
of training sessions x 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



lliou et al.

Table |. Demographics and clinical characteristics at baseline

Whole population

Coronary stenting Coronary stenting

Clinical characteristics (n=3132) <I| month (n=1821) >| month (n=1311)
Age (years) 565+ 129 56.1£115 573+ 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 413 36.7 44.1

Tobacco use 54.8 58.7 50.2

Family history 373 39.2 355

LVEF <35% 85 79 9.6
Stent indication

ACS 86.5 90.6 80.7

Exercise angina 85 5.5 12.7

Silent ischaemia 5 39 6.5
Number of stents

| stent 61.7 62.0 61.4

2 stents 24.6 255 234

3 stents 8.6 7.8 9.6

4 stents 29 2.7 32

>4 stents 22 2.0 24
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+25 778+ 178 7324248
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.

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+ 36 W
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Table 2. Stress test and exercise training sessions

Whole population

Coronary stenting

Coronary stenting

(n=3132) <| month (n=1821) >| month (n=1311)

Interval between coronary stenting and 41.5+493 172+£6.9 753+61.6

exercise stress test (days)

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 188+£9.9 182+83 19.6+11.7

Median (range) 20 (1-60) 20 (1-60) 20 (1-60)

<10 sessions (%) 77 84 6.9

10—19 sessions (%) 44.1 45.8 41.5

20-29 sessions (%) 44.4 429 46.5

>30 sessions (%) 3.8 29 5.0
Exercise training session duration (min) 90+ 38 821436 102 £ 31
Final exercise stress test
Final workload (W) 13145 133144 130+-46

% of predicted maximal heart rate 798+ 13.1 79.5+13.2 80.2+£13.0

If not stated, values are mean + SD.

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
21.34+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 x 10° 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 | 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, 1.7/10° patient-hours, and 1.8 /1000
stents. The rate of ACS related to exercise was 1.2/
1000 patients, corresponding to 0.8/10° patient-hours
in the early rehabilitation group and 1.1/10° patient-
hours in the late rehabilitation group.

Table 3. Acute coronary syndrome according to time of end of
exercise and results of the angiography

Coronary  Coronary
stenting stenting
<I| month >1 month
(n=1821) (n=1311)
ACS
< h after end of exercise 2 3?
> | h after end of exercise 0 4
Concomitant angiography of the ACS
Stent thrombosis 2 3?
Restenosis 0 4

Values are n; *Includes a patient with temporary discontinuation of clo-
pidogrel 6 days before the occurrence of the ACS; ACS, acute coronary
syndrome.

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
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Table 4. List of all acute coronary syndromes

Time from Time from

CSto Ist  Ist exercise
exercise stress Total time of Exercise-
Clinical stress test  test to exercise training related
Patient condition (days) ACS (days) before ACS (h) ACS! Angiography results Treatment of ACS
| ACS (STEMI) 8 | | Yes Thrombosis LAD stent PCI + DES
2 ACS (NSTEMI) 9 2 | 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 PCI + BMS
6 ACS 38 15 38 No Restenosis LAD PCl + DES
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

*Discontinuation 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.

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 1h 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 1h of exercise and
27 days after coronary stenting and in another patient
more than 1h 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.'®

Cardiac rehabilitation is considered particularly
important because it is known to improve the exercise
capability of patients with coronary artery disecase 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.'”

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.'®

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 carly (<1 month) and late (>1
month) exercise training after stenting.

Preliminary studies have reported few cases of stent
thrombosis secondary to exercise,'” > when recent
trials have shown the safety of exercise training.'®**2¢
In 2002, Goto et al.”® 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
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(when an exercise training programme can be initiated),
its application is scarce in routine clinical
practice.>*>>%7

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 (n=1592) and
a control group (n=2080).>> The incidence of stent
thrombosis and major adverse cardiovascular events
were similar in both groups (1.8 vs. 2.0%, p=0.73;
14.9 vs. 15.0%, p=0.97, respectively). However, this
study included only home-based exercise and no super-
vised exercise training;

In the HORIZONS-AMI study,”® subacute stent
thrombosis (>24h 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
PCL* 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,?’ 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,’ 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.?’ 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.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that there is no conflict of interest.

Acknowledgements

The authors thank the physicians who participated in this
study: B Pavy (44 Machecoul), P Cristofini (75 Broussais
Paris), P Aeberhard (75 CCN Paris), F Briec (44 Nantes),
C Monpere (37 Tours), P Schlesser (57 Saint Avold),
T Farrokhi (91 Briis sous Forges), J Ettori (34 Séte),
A Atallah (971 Basse Terre), J Chartron (71 Macon),
B Vergés (21 Dijon), C Mestrallet (74 Rumilly), E Gobin
(Liege, Belgium), G Bosser (54 Nancy), M Ghannem (60
Tracy-le-Mont), Y Morvan (89 Joigny), JL Bourdon (88

Saint-Di¢), C Kugler (26 Dieulefit), P Meurin (77
Villeneuve-Sant-Denis), B Bouniol (18  Bourges),
P L’Héritier (83 Callian), R Weber (Noirmont -

Swizteland), P Blanc (974 Sainte-Clotilde), A Guetlin (76
Elbeuf), D Souris (57 Metz), T Badoual (94 Créteil), F
Plazonnet (57 Hayange), F Beauvais (75 Lariboisi¢re Paris),
P Demaison (87 Limoges), C Hubert (56 Lorient), B Pierre
(69 Marcy), P Guillo (35 Rennes), A Khattane (62 Calais), D
Marcadet (75 Bizet Paris), JC Verdier (75 ICES Paris), JP
Beugin (59 Lomme), E Mosseli (38 Vienne), C Chalumeau
(71 Couches), I Cusey-Sagnol (71 Chalon-sur-Saone), F
Koukoui (91 Yerres), MF Monnet (69 Lyon), C Rocca



lliou et al.

(38 Saint-Hilaire du Touvet), S Tramaille (38 Grenoble), and
M Boukarai (02 Villiers-Saint-Denis). The authors thank the
event validation committee: R Brion (Lyon), F Carré
(Rennes), M Fischbach (Bordeaux), G Celarier (Toulon),
and B Darné for writing assistance.

References

1.

10.

12.

Taylor RS, Brown A, Ebrahim S, et al. Exercise-based
rehabilitation for patients with coronary heart disease:
systematic review and meta-analysis of randomized con-
trolled trials. Am J Med 2004; 116: 682—692.

. Di Lorenzo E, Sauro R, Varricchio A, et al. Benefits of

drug-eluting stents as compared to bare metal stent in ST-
segment elevation myocardial infarction: four year results
of the PaclitAxel or Sirolimus-Eluting stent vs bare metal
stent in primary angioplasty (PASEO) randomized trial.
Am Heart J 2009; 158: e43—e50.

. Greenhalgh J, Hockenhull J, Rao N, et al. A. Drug-elut-

ing stents versus bare metal stents for angina or acute
coronary syndromes. Cochrane Database Syst Rev 2010;
5: CD004587.

. Morice MC, Serruys PW, Sousa JE, et al. A randomized

comparison of a sirolimus-eluting stent with a standard
stent for coronary revascularization. N Engl J Med 2002;
346: 1773-1780.

. Kastrati A, Dibra A, Spaulding C, et al. Meta-analysis of

randomized trials on drug-eluting stents vs bare-metal
stents in patients with acute myocardial infarction.
Eur Heart J 2007; 28: 2706-2713.

. Danchin N, Blanchard D, Chevalier B, et al. Use of drug

eluting stents:expert consensus of the French Society of
Cardiology. Arch Cardiovasc Dis 2008; 101: 190-193.

. Kumar A, Kar S and Fay WP. Thrombosis, physical

activity and acute coronary syndromes. J Appl Physiol
2011; 111: 599-605.

. Heran BS, Chen JM, Ebrahim S, et al. Exercise-based

cardiac rehabilitation for coronary heart disease.

Cochrane Database Syst Rev 2011; 7: CD001800.

. Vanhees L, Rauch B, Piepoli M, et al. Importance of

characteristics and modalities of physical activity and
exercise in the management of cardiac health in individ-
uals with cardiovascular diseases. Eur J Cardiovasc Prev
Rehabil 2012; 19: 1333-1356.

Belardinelli R, Paolini I, Cianci G, et al. Exercise training
intervention after coronary angioplasty: the ETICA trial.
Am Coll Cardiol 2001; 37: 1891-1900.

. Munk PS, Staal EM, Butt N, et al. High-intensity interval

training may reduce in-stent restenosis following percu-
taneous coronary intervention with stent implantation/ a
randomized controlled trial evaluating the relationship to
endothelial function and inflammation. Am Heart J 2009;
158: 734-741.

Goel K, Lennon RJ, Tilbury RT, et al. Impact of cardiac
rehabilitation on mortality and cardiovascular events
after percutaneous coronary intervention in the commu-
nity. Circulation 2011; 123: 2344-2352.

. Li N, Wallén H and Hjemdahl P. Evidence for prothrom-

botic effects of exercise and limited protection by aspirin.
Circulation 1999; 100: 1374-1379.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Aurigemma C, Fattorossi A, Sestito A, et al
Relationship between changes in platelet reactivity and
changes in platelet receptor expression induced by phys-
ical exercise. Throm Res 2007; 120: 901-909.

Cutlip DE, Windecker S, Mehran R, et al. Clinical end
points in coronary stent trials: a case for standardized
definitions. Circulation 2007; 115: 2344-2351.

Lee JY, Park DW, Yun SC, et al. Long-term clinical out-
comes of sirolimus- versus paclitaxel-eluting stents for
patients with unprotected left main coronary artery dis-
ease: analysis of the MAIN-COMPARE (revasculariza-
tion for unprotected left main coronary angioplasty
versus surgical revascularization) registry. J Am Coll
Cardiol 2009; 54: 853-859.

Izawa K, Hirano Y, Yamada S, et al. Improvement in
physiological outcomes and health-related quality of life
following cardiac rehabilitation in patients with acute
myocardial infarction. Circ J 2004; 68: 315-320.
Wernick MH, Jeremias A and Carrozza JP. Drug-eluting
stents and stent thrombosis: a cause for concern? Coron
Artery Dis 2006; 17: 661-665.

Sigwart U, Puel J, Mirkovitch V, et al. Intravascular
stents to prevent occlusion and restenosis after translum-
inal angioplasty. N Engl J Med 1987; 16: 701-706.
Samuels B, Schumann J, Kiat H, et al. Acute stent throm-
bosis associated with exercise testing after successful per-
cutaneous transluminal coronary angioplasty. Am Heart
J 1995; 130: 1120-1122.

Maraj R, Fraifeld M, Owen AN, et al. Coronary dissec-
tion and thrombosis associated with exercise testing three
months after successful coronary stenting. Clin Cardiol
1999; 22: 426-428.

Meurin P, Domniez T and Bourmayan C. Coronary stent
occlusion following strenuous exertion: is the risk actual?
Is it preventable? Int J Cardiol 2000; 74: 249-251.

Goto Y, Sumida H, Ueshima K, et al. Safety and imple-
mentation of exercise testing and training after coronary
stenting in patients with acute myocardial infarction. Circ
J 2002; 66: 930-936.

Roffi M, Wenaweser P, Windecker S, et al. Early exercise
after coronary stenting is safe. J Am Coll Cardiol 2003;
42: 1569-1573.

Soga Y, Yokoi H, Ando K, et al. Safety of early exercise
training after elective coronary stenting in patients with
stable coronary artery disease. Eur J Cardiovasc Prev
Rehabil 2010; 17: 230-234.

Pavy B, Iliou MC, Meurin P, et al. Safety of exercise
training for cardiac patients: results of the French registry
of complications during cardiac rehabilitation. Arch
Intern Med 2006; 166: 2329-2334.

EACPR Committee for Science Guidelines; Corra U,
et al. Secondary prevention through cardiac rehabilita-
tion: physical activity counselling and exercise training.
Key components of the position paper from the Cardiac
Rehabilitation Section of the European Association of
Cardiovascular Prevention and Rehabilitation. Eur
Heart J 2010; 31: 1967-1976.

Dangas GD, Caixeta A, Mehran R, et al. Frequency and
predictors of stent thrombosis after percutaneous coron-
ary intervention in acute myocardial infarction.



European Journal of Preventive Cardiology 0(00)

29.

Harmonizing Outcomes With Revascularization and
Stents in Acute Myocardial Infarction (HORIZONS-
AMI) Trial Investigators. Circulation 2011; 123:
1745-1756.

Heestermans AACM, Van Werkum JW, Swart B, et al.
Acute and subacute stent thrombosis after primary per-
cutaneous coronary intervention for ST-segment eleva-
tion myocardial infarction: incidence, predictors
and clinical outcome. J Thromb Haemost 2010; 8§:
2385-2393.

30.

31.

Giallauria F, Acampa W, Ricci F, et al. Effects of exer-
cise training started within 2 weeks after acute myocardial
infarction on myocardial perfusion and left ventricular
function: a gated SPECT imaging study. Eur J Prev
Cardiol 2011; 19: 1410-1419.

Zeymer U, James S, Berkenboom G, et al. Differences in
the use of guideline-recommended therapies among 14
European countries in patients with acute coronary syn-
dromes undergoing PCI. Eur J Prev Cardiol 2012; 20:
218-228.



