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ABSTRACT

Percutaneous coronary interventions (PCI) have become the most
frequently used technique of revascularization. Nevertheless, has
not shown be superior to optimized medical therapy in the case
of stable atherosclerotic coronary artery disease. Moreover, even
after acute myocardial infarction (AMI), coronary risk profile often
remains elevated exposing the patients (P) to events such as death
and reinfarction. The cardiac rehabilitation (CR) has been shown to
reduce all-cause mortality, cardiovascular mortality and events after
AMLI. But it is able to improve the outcome in patients undergoing
PCI. The objective of this manuscript is to summarize the current
knowledge with respect to CR after PCIL, in terms of improvement
of risk factors, functional capacity and prognosis. The biochemical
mechanisms that underlying the exercise-induced benefits will be
briefly described. We will critically assess the reasons why the low
use of CR and the poor secondary prevention after angioplasty. We
will demonstrate how PCI and CR together are the most effective
intervention to fight the recurrence of cardiovascular disease (CVD).
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INTRODUCTION

Since the original report by Andreas Gruentzig!"’ percutaneous
coronary intervention (PCI) is an increasingly common treatment for
coronary heart disease in the last twenty years. By now the number of
procedures of PCI has overcome that of coronary artery bypass graft
(CABG)™: about 1.2 million PCI are performed every year in the US
alone with and average fivefold increase in the number of PCI every
decade. There has contemporarily been a technological improvement
of the devices, from bare metal (BMS) to drug eluting (DES) and now
bioresorbabale stents and technical solutions during the procedure as
distal protection, thrombus aspiration and intravascular ultrasound.
Moreover the progress of the pharmacological therapy (clopidogrel
and other platelet aggregation inhibitors IIb/I1A inhibitors) has
expanded the number of the subjects suitable to PCI. More recently,
the PCI volumes of interventions have been steadily declining since
2004 in the United States™, but not in Europe. In the UK the number
of PCI performed in 2011 (88,692 procedures in 2011) was 1,405 per
million population, more than doubled in the last 10 years™ (Figurel).

Therefore the increase in the use of PCI have outpaced efforts
to ensure that this procedure is being used in the most appropriate
manner: high risk (left main stem, triple-vessel disease, severe and
complex coronary-artery disease) patients are not treated with CABG
today even if the surgery has shown benefits in terms of survival™.
Besides in chronic stable coronary heart disease, PCI was associated
with a significant reduction in angina but none a significant decrease
in the risk of myocardial infarction, death, and bypass surgery'.
Often, out in the setting of the acute coronary syndrome, the majority
of patients treated with PCI were asymptomatic or had minimal
symptoms and, experienced little improvement in health status after
the procedure”. The COURAGEY study confirmed that in patients
with stable coronary artery disease, a management strategy with PCI
towards optimal drug therapy associated with lifestyle intervention
is not superior in reducing the risk of cardiovascular events (death,
myocardial infarction, and stroke). A recent meta-analysis” of 5286
P with stable coronary heart disease in which, in 4064, the ischemia
was documented by stress test or fractional flow reserve, the PCI
was not associated with a reduction in death, nonfatal MI, unplanned
revascularization, or angina compared to medical therapy alone. This
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Figure 1 Increase in PCI activity 1991-2011 in the UK. Source: United Kingdom's National Audit of Percutaneous Coronary Intervention, 2011.

emphasizes the need to reduce significantly the risk profile after PCI.

Anyway, although the risk of P after a cardiac attack is very high
they often are not receiving appropriate evidence-based therapeutic
interventions or health behaviour advices and, as a consequence,
most are not achieving the recommended secondary prevention goals.
The integration of cardiovascular disease prevention strategies into
daily practice is still inadequate.

In the EUROASPIRE 1II survey'” despite an increase of use of
lipid-lowering drugs after hospital discharge 51% of patients had
elevated serum total cholesterol (=4.5 mmol/L) despite an use
of 78% of statins and even higher of other cardioprotective drugs.
Furthermore the prevalence of smoking, hypertension and obesity
are unacceptably high: 17%, 31% and 53% respectively. The survey
shows that although there are numerous evidence-based guidelines
their use in the context of secondary prevention of cardiovascular

U study show us that in

disease is poor. In addition the Interheart
all regions of the world, also in low and medium income countries,
the traditional coronary risk factors accounted of more than 90% of
population attributable risks for AMI: the approach to prevention
must be similar worldwide.

The majority of heart attack survivors do not receive appropriate
care and counselling: less than 30% of patients after AMI in the
US"™ undergoes cardiac care and counselling. Women and older
patients have the lowest participation rate in Cardiac Rehabilitation
(CR) despite the good results in terms of cost and outcome also
of programs Home-based"”. The changes in lifestyle and risk
factors after PCI in subjects none enrolled in (CR) programs are
negligible"". After one year, 54.4% of the patients did not perform
regular exercise, 75 % had a high BMI, 47.2% not reached the
target of C-LDL and 37.6% remained smokers. In conclusion a
large proportion of coronary patients, including those treated with
revascularization, does not achieve the lifestyle, risk factor and
therapeutic targets for the prevention of cardiovascular disease.

This is one of the reasons why the CR can be really beneficial after
PCL

© 2014 ACT. All rights reserved.

CAUSES OF LOW RATE OF CARDIAC
REHABILITATION AFTER PCI

The percentage of eligible subjects enrolled in cardiac rehabilitation
program, in Europe, ranges from 3% to 90%"”. As a final result
less than half of the subjects suffering from coronary artery disease
can access this treatment. Routinely only some groups of patients,
post myocardial infarction (MI) and CABG, are admitted to CR but
others like PCI are neglected. In Italy only 4% of the patients after
PCI undergoes CR, instead of 75% of CABG and 16% post-MI"'". In
more recent studies”'"* by two-thirds to one-third of the PCI are not
referred for CR. Furthermore lower is CR uptake after elective PCI as
compared to acute PCI, especially for ST-elevation MI. Other factors
associated with decreased referral are female gender, older age, non-
Caucasians, illiteracy comorbidities especially diabetes and peripheral
artery disease, lack of insurance and larger distance to the hospital.

Other causes, closely related to the procedure itself, may contribute
to explain the low referral rates. First the short hospital stay!”, limits
the opportunities for inpatient education, the minimally invasive
nature of the procedure may explain the lack of motivation for the
patients in lifestyle changes. In addition, the patients that experiments
the rapid improvement of symptoms may believe to have been
“permanently” cured””. Then, the youngest age of the patients in
comparison to those undergone CABG, the better muscular function
and well-being with rapid return to the working activity are other
factors that induce to believe to have been cured of by the PCI and
therefore, to be to low risk of relapsing of CAD.

The professional barriers, i.e., the lack of awareness and knowledge
of the benefits of CR, from physicians and health care providers
are the main factor that hinders the refer the patient after PCI, to
a program of CR. The excessive distance from the hospital, the
inadequate remuneration, the poor knowledge of the programs by the
patients, the overreliance on physicians judgement that patients are
not likely to participate (underestimating the role of the nurse), are
other factors that significantly reduce the participation in the CR™".
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Often the interventional cardiologist, whose vision of the ischemic
heart disease is “stenosis-based”, strengthens this belief. Each
narrowed coronary arteries should be dilated without assessing the
induced ischemia (with the stress testing or fractional flow reserve)
thinking that this will result in a sure improvement of the symptoms,
prognosis and of the psychological and physical state. As a result the
number of PCI is high and that of patients admitted to CR still low.

Instead, a combined strategy of automatic reference at the patient
discharge, associated with a motivational interview has been shown
to have high rates of enrollment and be able to increase by 45% the
number of cardiac patients able to access the CR™. Is crucial, that
the appointment for CR orientation, will occur early, within 7-10

[23]

days after PCI discharge'™".

PERSISTENCE OF CORONARY RISK FACTORS
AND IMPACT ON THE FOLLOW-UP

The profile risk factor profile, of subjects undergoing PCI may
be worse™" than those of other cardiac patients and, anyway, is
underestimated by both the patient and physician. The non-adherence
to a rehabilitation program is associated, more frequently, to the
persistence of inappropriate dietary and life style behaviours, as well
as risk factors.

It is definitely known that the progression of coronary artery
disease, facilitated by the persistence of risk factors, it may offset the
benefits that surgical and mechanical revascularization.

The decline of the mortality for coronary heart disease in the last
20 years in UK is due above all to the reduction of the principal
factors of risk, especially smoking; the impact of the CABG realizes
the 3% of such reduction and the angioplasty only the 0.8%".
The adoption of the IMPACT mortality model, not surprisingly

showed the same results in other nations such as the USA®®, Italy™”,

Portugal®™ and in several other countries. The data are in perfect
agreement with the INTERHEART study. This emphasizes the
importance of a comprehensive strategy that promotes reductions
in major risk factors and that maximizes, for secondary prevention,
population coverage of effective treatments.

The BARY study™ assessed the damage of myocardial perfusion
due to failure of revascularization versus progression of native
disease in PCI and CABG. Native coronary artery disease progression
occurred more often than failed revascularization in both PCI and
CABG-treated patients as a cause of jeopardized myocardium
(analysed as distribution of coronary vessels and stenosis) and angina
recurrence; the prevalence of angina was higher at five years in PCI
vs. CABG (28% vs. 18%; p<0.03). Approximately 6% of patients
after PCI will require, at one year follow-up, a new procedure of non
target-lesion (TL) progression™”. The risk is higher in multivessel
patients: the greater the atherosclerotic burden, the greater the
progression of the disease.

Also in the drug-eluting stent era”"), half of the unplanned
revascularization at one year (12%) is due to non TL progression.
Since the higher risk of revascularization of the culprit lesion
is between 2 to 9 months and the risk of unplanned non-TL
revascularization is constant over time, the progression of the disease
is the main determinant of the risk of further events during the long
term follow-up.

EFFECTS OF CARDIAC REHABILITATION
AFTER ACUTE CORONARY SYNDROME

[32-34

Several studies™ ™ have demonstrated a reduction in mortality
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and reinfarction after CR. The benefit is extended also to the risk
of all-cause hospitalization and cardiac hospitalization especially
among those coronary artery disease patients who complete the CR

program””. The consolidated positive effects were also confirmed by

- [36.37
a meta-analysis"*"”

showing a 20% reduction in all-cause mortality,
minus 25% in cardiovascular mortality and about 20% reduction in
the risk of AMI and PCI..

Was also demonstrated a dose response relationship between CR
attendance and positive effect on follow up after AMI”***. More the
number of CR sessions, mote the positive long-term outcomes. In a
sample of 5% of the Medicare beneficiaries, attending all 36 sessions
reimbursed was associated with a lower risk of death and myocardial
infarction 4 years compared to attending fewer sessions with a linear
extension ratio between number of sessions and benefit (Figure 2).

In addition, the reduction in mortality from all causes, in a
heterogeneous population (after AMI, PCI and CABG) was
demonstrated until to a long-term follow-up of 14 years, even if
the dose response relationship was present only with smoking
cessation™.

Therefore a PCI not followed from comprehensive rehabilitation
programmes including exercise training, behavioural changes,
education, psychological support, and optimized drug therapy will
have a poor impact on recurrent events and long term prognosis of
the patient.

CARDIAC REHABILITATION AFTER PCI:
EFFECTS ON RISK PROFILE, EVENTS AND
MORTALITY

There are several evidences that the CR has an effect on risk profile
of the patient after PCL

A study of the Duke University™™” was one of the first to assess the
impact of CR on patient functional outcomes after CABG and PCI.
The authors show an improvement in physical function associated
with CR (64% vs. 13%, p<0.001). The subgroup analysis stresses
that this improvement tends to be greater in younger than older
ones, in men than in women and after CABG than after PCI. The
greater damage of the physical function after cardiac surgery (due
to the sternotomy with impaired function of the chest wall, anaemia,
postoperative pain) results in greater gains in patients with CABG.

Besides, CR was associated with positive effects on healthy
lifestyle for risk-factor counselling. We also evaluated*' the effects
of CR on the coronary risk factors in patients that followed a long
term program, managed together with the local coronary-club, for a
period of 3-10 year after an acute coronary event. We demonstrated
the reduction of BMI, smoking (from 44% to 4.4%) and the
improvement of lipid levels (hypercholesterolemia from 55% to
20%); was also increased the time spent on physical activity with
reduction of sedentary lifestyle. The phase 3-4 of CR is the winning
strategy: a treatment for just 4 weeks, although residential has only
a few behavioral effects (diet, physical activity), but does not affect
the BMI, lipid levels, blood pressure and psychological profile and
quality of life (QOL)"**.

It’s really important in PCI P to recognize the negative emotional
response!™’ (due to anxiety and depression) because can inhibit
physical activity after the procedure. This kind of response is more
frequent in women that also were less physically active. Also a
Home-based program of individualized CR™, combining physical
exercise to control of the factors and psychosocial counselling
improves risk factor profile and work resumption after PCI.

Not only this approach is effective, but also cost-effectiveness. In

© 2014 ACT. All rights reserved.
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Figure 2 Cumulative incidence of death by number of cardiac rehabilitation session attended. Source: Hammill B G et al. Circulation 2010; 121: 63-70.

a short course (8 week) of CR ad prevention program, prospective
randomized controlled trial*’ patients, with recent AMI or after
elective PCI, were less anxious and depressed, with improvement of
QOL. The cost utility calculated was 640 dollars saved per QALY
(quality-adjusted life-year gained) gained. This saving was due above
all to the reduction of the procedures of re-PCI (13% vs 26% p<0.05).

1) patients, recently submitted to PCI, were

In a small study
randomize to an aggressive treatment to fight the usual risk factors
(smoke, diet, exercise and stress) or to the usual care: the life
style changes were present until a 60 month follow-up and were
associated to a significantly lower rates of events (AMI, CABG, re-
PCI, cardiac death: 30.4% vs 53.7%) and cardiovascular mortality
(2.2% vs 14.6%). Also in the subset of AMI treated with primary
angioplasty™’*", the incidence of restenosis, angina pectoris with
resulting reintervention, all revascularisations, and death was
significantly lower when PCI patients are included in a CR program.

The effect of CR is manifested on the stabilization and likely
regression of coronary atherosclerotic lesions, rather than on
restenosis of the CL. In addition, it is also enhanced its collateral
circulation. In the ETICA trial ™, the angiographic restenosis rate
was unaffected by exercise, but in patients with restenosis thallium
uptake improved only when undergone exercise sessions 3 time a
week at level of 60% of VO2 max. Therefore exercise is able improve
myocardial perfusion independently from the stenosis’s degree.
Moreover trained patients had a lower progression of CAD than
untrained controls at follow-up angiography (7.6% vs 25%, p<0.03).

Exercise training treats the entire coronary vasculature, not just
the area subjected to the PCI, and progression of other lesions also
contributes to recurrent events and mortality after angioplasty.
Moreover, high intensity and interval training exercise may contribute
to the beneficial effect of exercise on restenosis, reducing the level of

© 2014 ACT. All rights reserved.

C-reactive protein®™ and other markers”' of inflammation. Recently

a not randomized and small-sized study®™

, showed that regular
exercise can reduce the at 9 months follow-up angiography, the late
luminal loss in the stented coronary segment in AMI patients together
with a significant increase of HDL-C level.

The therapeutic adherence is an important factor in explaining
the efficacy of CR. The Italian ICAROS survey"””, a multicenter,
prospective, longitudinal one-year survey of patients on completion
of a CR program, after CABG and PCI, showed an excellent
prescription, modification and adherence (documented from Morisky
score equal to or greater than 3 in 90.8%) of cardioprotective
drugs. The prescription rate were, at the end of CR program were:
86.3% statins, 80.8% beta-blockers and 77.7% Ace-inhibitors. The
achievement of the right dose for these cardiac drugs, is essential
for secondary prevention as demonstrated by the level of LDL-C at
target in 69.3% of subjects.

Finally, a recent large study”" has shown the efficacy of the CR
after PCI also on mortality. A retrospective analysis of data from
a prospectively collected registry of 2395 consecutive patients
demonstrated a reduction in all-cause mortality of about 30%. A trend
toward decreased cardiac mortality was also observed and a neutral
effect on recurrent MI and revascularization. Also a dose response
relationship was not present, but the patients undergone on average,
only 13 sessions (Figure3).

The differences, for myocardial revascularization and reinfarction,

. . 3538
compared to previous studies”>"

on CR post-AMI (including more
CABG patients), may be attributable to more stringent monitoring
after PCI and that the effects of CR in PCI patients result in a shift
from fatal to nonfatal events.

The rehabilitation program can be done safely also in patients

[55]

with incomplete revascularization”. The researchers, clinicians, and
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policy-makers should focus on evidence of CR effectiveness after
PCI, increasing the number of patients (now not more than 40%""
under the best conditions) participating in these programs.

Events Events
inCR non-CR
(n=719) (n=719)

All-cause mortality { 83 139 ——
Cardiac mortality { 34 46 ey
Death/Any MI{ 158 206 —a—

Recurrent MI{ 110 9 —t—

Repeat PCI/CABG{ 235 206 e
Death/MI/PCI/CABG{ 207 329 )

0.1 1 10
Hazards Ratio and 95% Confidence Interval
(Loguo scale)

Figure 3 Association between cardiac rehabilitation (CR) participation
and mortality in the propensity score-matched group. Source: Goel K et al.
Circulation 2011; 123: 2344-2352.

CARDIAC REHABILITATION AFTER PCI:
ONLY HOSPITAL-BASED?

The Home-based CR can be a valuable tool to counteract the low

participation in the programs of CR. The system barriers”*"")

, such
as the accessibility of the clinic, the distance from the patient's home,
and the heavy traffic or the difficult parking are exceeded from
home-based CR. In addition, the Home-base is effective, in terms
of functional capacity”™, as the hospital-based CR, not exposing the
patients to major exercise-related adverse events"”".

This kind of CR is able to improve the total work capacity and the
quality of life, even in older patients, with a cost/effectiveness ratio
better than the hospital-based CR"”. Furthermore, the effects on
lifestyle seem to be more durable for the educational action of self-
management of the exercise program. In patients following PCI, a
home based CR program improves work resumption patterns and
adherence to drug therapy™**". The Telecardiology can be useful not
only to improve adherence and functional capacity, but also to reduce
the risks of home-based CR"*".

. . . [62,63
Two systematic reviews and meta-analysis'®>®’!

show that after
myocardial infarction or revascularization there are no differences
between the two ways of CR, in terms of mortality, events in the
follow-up, exercise capacity, quality of life and modifiable risk
factors (hypertension, dyslipidemia, smoking). Also as regards the
health care cost, there is absence of evidence of differences, but there
is a trend to a better adherence, with the home-based CR™".,

The unsupervised/home rehabilitation represents however a valid
alternative to the hospital training, if the prescription of the physical
activity is preceded by a suitable program of education to the self-
management and by a complete evaluation of the risk category of the
patients, avoiding the high risk.

To achieve the best results with the Home-based CR is desirable
that the first sessions (4-8) of the CR program are supervised in
hospital™®'. So the patients acquires the notions of the correct
execution of the exercise and learns the main precautions. A periodic
evaluation, made by physiotherapist or CR-nurse, will be useful
to adjust, if necessary, the exercise prescription and to enhance

13,60

adherence with intervention**”. Finally, also these patients must

Venturini E A et a/. Cardiac Rehabilitation and PCI

access to the programs of correction of the coronary risk factors,
psychological and social support and educational reinforcement,
bases of the Comprehensive CR.

The preference of the patients should therefore be considered when
choosing between traditional hospital and home-based CR.

CARDIAC REHABILITATION: ONLY AFTER
PCI?

During acute coronary syndrome the role of aggressive treatment
and percutaneous revascularization is well defined. The same can
not be said in the case of stable angina pectoris. In the cornerstone
study of Hambrecht and colleagues®, 101 men with stable angina
were randomized to exercise training (20 minutes of bicycle
ergometry per day) or PCI. Exclusion criteria were: high-grade
left anterior descending lesion, >25% left main stenosis, valvular
disease, an ejection fraction<40%, an AMI within 2 months, or
a revascularization procedure within 12 months. Effort ECG and
coronary angiography were repeated after one year. Atherosclerosis
progression (angiographic score), was significantly reduced in the
exercise-trained group; while higher was the event-free survival (88%
vs 70% in the PCI group, P<0.02) and also increased the maximal
oxygen uptake (Figure 4). In addition to providing clinically superior
outcomes, the cost of medical care over the year of the study for the
exercise-trained subjects was 40% less ($3708 vs $6086) than that for
the angioplasty patients

100

Event-free Survival (%)

Log-Rank = 5.2
20 1 P=0023

0 T T —rT T T
Patients at Risk 0 2 4 6 8 10 12
PTCA/Stent Group 50 41 35
Exercise Training 51 48 45
Group

Figure 4 Event-free Survival after 12 months was significantly superior in
training group versus PCI group. Hambrecht R et al. Circulation 2004; 109:
1371-1378.

Different meta-analysis before®’ and after™® the use of DES
comparing PCI to conservative optimal medical treatment in P with
stable CAD the angioplasty did not reduce the risk of mortality,
cardiovascular death, nonfatal myocardial infarction. There was a
trend for increased risk of AMI in patients undergoing PCI as better
results of invasive approach in the proximities of AMI for the “old”
meta-analysis™® and a greater angina relief for the new one” .

Anyhow, no benefit was found also in the subgroup of patients with
stable coronary artery disease and strictly documented ischemia®™®”,
The availability of more and more effective drugs (second-generation
statins, dual antiplatelet therapy and new antiplatelets drugs); the
physical training and CR programs have exceeded the progress of
coronary artery devices, at least in the case of elective PCIL. So it is
probably true “that many percutaneous interventions that currently
are performed in patients with non-acute CAD probably are not
justified™ .

© 2014 ACT. All rights reserved.
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EXERCISE AFTER PCI: TIMING, SAFETY, PRE-
SCRIPTION AND MECHANISM

Only one agent exists “with lipid-lowering, antihypertensive, positive
inotropic, negative chronotropic, vasodilating, diuretic, anorexigenic,
weight-reducing, cathartic, hypoglycemic, tranquilizing, hypnotic
and antidepressive qualities””””: the exercise.

Anecdotal cases of thrombotic coronary occlusion associated
with exercise testing® have prompted some authors to exclude the
feasibility and safety of early exercise in patients who underwent
PCI'™. After MI (both STEMI and NSTEMI), the guidelines”™*"
recommend a submaximal exercise test (ET) traditional at 3 to 5 days
in patients without complications or a symptom-limited exercise test
(done at 5 days or later) without stopping at a pre-specified target
heart rate. Usually the symptom-limited maximal ET is performed at
14-21 days after the heart always using clinical judgement.

72,73
72731 after

However generally the studies on early exercise testing
PCI have excluded patients undergone primary angioplasty in the
fear to avoid the prothrombotic state exercise-induced. In the setting
of stable coronary artery disease the execution of symptom-limited
ET, even the day after PCI, was not associated with an increased risk
of stent thrombosis. Of course a precocious ET can only be done after
the procedure with radial approach.

A Japanese study”" was conducted on more than 13,500 patients
after AMI, of which 4,360 after primary angioplasty with stenting
in 31.9%. The timing for ET after stenting was 17 days, vs 13 days
in patients after AMI (p<0.01); also the maximal ET was slightly
delayed (35 vs 27 days, p<0.05). There was only one stent thrombosis
(0-0.02%) in a P not treated with ticlopidine after maximal ET and
no events in association with submaximal ET. A more recent study””!
with the use of DES and Combined antiplatelet treatment (in 97.2%
of the patients) confirmed the data. The subjects performed their first
ET, before CR program, a median of 26 days after coronary stenting;
58% of them performed their first exercise test within 30 days after
PCI. The CR was defined early when starting <1 month after PCL.
The incidence of stent thrombosis was the same in the two groups of
early and late CR (1.2/1.000 patients).

Therefore, the fear of stent thrombosis should not prevent the start
of early CR following PCI, even if after AMI.

It’s reasonable to perform a submaximal ET after a week from the
procedure and after 14 days, for a maximal ET. If the primary PCI
was due to a large AMI it is better to wait until 4 weeks. The CR can
start immediately after the stress test in the case of stable coronary
artery disease or acute coronary syndrome with minimal myocardial
injury. In the case of Q-wave myocardial infarction is advisable to
wait 1 month.

The exercise training program should include at least 150 minutes
of activity, preferably 3-4 hours a week”. Usually are performed
3-5 exercise sessions per week, for a minimum period of 4 weeks
up to 24 with great variability from country to country”*’". Our
protocol provides for duration of 4-8 weeks depending on the degree
of muscle conditioning, contractile function, age of the subject and
the presence of comorbidities™™”. The aerobic exercise training must
be supervised and medically prescribed, at least in the early sessions
and always in high-risk patients”® (heart failure, multiple risk factors,
low ejection fraction, CR after primary PCI for a large AMI). Three
bouts per week are the frequencies preferred, even for our experience,
because allow reaching the maximum increase of VO2 max.

patients must considered exercise prescription as pharmacological
drug. Each session includes a warm up period of 5-10 min to allow
gradual adaptation from rest to exercise; a cardiorespiratory exercise

© 2014 ACT. All rights reserved.

period of 40 minutes and finish with a 5 to 10 minute cool down
phase for a slow return to steady state condition of HR e BP. Session
longer than 60 minutes do not improve VO2 max and can increase the
risk of incidents.

ECG monitoring is mandatory for the entire training program
in patients with recurrent myocardial infarction, NYHA III, low
threshold effort angina, ventricular tachycardia to load <6 METs and
if SBP decreases during exercise. In other cases, it is reasonable to
suspend ECG monitoring after 6-12 sessions’”".

Two are the modality of training: endurance or interval training.
The training program may differ between centers, but should include
calisthenics and bicycle or treadmill exercises.

The endurance training is more used because allow the maximal
increase of aerobic capacity; usually are chosen activities with
dynamic component using cycloergometer or treadmill. In the
later phases of the program isotonic exercises are integrated with
resistance exercise (lifting weights). Indeed daily muscle activity
is both static and dynamic. In low risk patient (stable angina, MI
uncomplicated) showed that resistance exercise is safe and effective.

In “interval training” exercise and recovery periods succeed
each other; the application of load for brief period, induce a better
work adaptation in patient with effort angina and also in older,
deconditioned subjects or with low EF. It is also mandatory in
patients with peripheral arterial disease and intermittent claudication.
Recently™ high intensity interval training exercise (as of 85-95%
of peak HR) protocols have been shown to be safe in coronary heart
disease patients with greater improvement in exercise capacity as
measured by peak oxygen uptake.

The intensity is the most important factor that influences the
response to training. A level of exercise near the aerobic threshold
induce the best “training effect”; a low level activity is below the
40% of VO2 max, a medium at 40-60% and a high level above 60%
of VO2 max. Greater is the increase in aerobic capacity, greater is the
cardio protective effects of the exercise™"*".

In clinical practice, the availability of ergospirometry is limited,
so is used the maximum HR during the ET. During dynamic
exercise involving large muscle group, a relatively linear relation
exists between HR and oxygen uptake. The Target Heart Rate to be
achieved during the exercise session is calculated as a percentage of
peak HR during ET: 70-85% of the peak HR is the intensity level
usually used. With the Karvonen method™, the results are similar,
but the upper limit is slightly higher corresponding to about 90%
of the peak HR (in the area of high intensity exercise). In case of
therapy with beta-blockers we prefer to add, at the rest HR, the 70-
85% of HR reserve.

As the P become familiar with the feeling associated with
exercising, the need for an objective measurement of HR declines.
However the self-measurement of pulse HR a must be encouraged
and checked by nurse. Furthermore the Borg’s Rate Perceived
Exertion Scale™ can be used by to rate the intensity of an exercise.

The stress test is mandatory to set”’®!
ergometer, or on treadmill, with the calculation of the target heart
rate derived from peak exercise capacity, but the physical training

the workload either on bicycle

must be individualized according also to concomitant cardiac
conditions (valvular disease, heart failure, low ejection fraction, atrial
fibrillation), to the presence of comorbidities (osteoarticular diseases),
to the age of the patient and to the degree of muscle deconditioning.
Trough repetitive increase of laminar shear stress®, exercise leads
to an increase of NO-bioavailability as result of an activity of the
endothelial nitric oxide synthase (eNOS). Nitric oxide is responsible
for vasodilation and increasing perfusion. HDL is able to modulate
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eNOS activity; this activation is impaired in CAD P and is restored

by exercise™”

. Moreover the exercise, by a reduced production of the
reactive oxygen species”” (ROS) leads to a reduced inactivation of
NO: the final result is an increase in the bioavailability of NO."",
Again via the activity of eNOS, the exercise is able to mobilize
mesenchimal stem cells and endothelial progenitor cells, bone
marrow, so as to restore the integrity of the endothelium damaged in
atherosclerosis™. The reduction of arterial stiffness and modulation
of microRNAs are other possible positive benefits of the exercise™™.
Finally, as already surmised by other studies™”, exercise can
stimulate the growth of collateral circulation. After a 3-month
endurance exercise training program, in the vessel initially
undergoing PCI, there was an increase in collateral flow index, a
marker of collateral circulation. Furthermore this is correlated with
the performance (VO:2max) evaluated at bicycle spiroergometry™”,
Besides these molecular mechanisms, well know are the effects on
plasma lipids, insulin sensitivity, inflammation, and blood pressure.

CONCLUSIONS

The transition from the “intervention” to the “prevention” phase
of Cardiology is mandatory. The good results of the percutaneous
revascularization therapy of the coronary heart diseases must be
consolidated and optimized with a comprehensive CR.

The promotion and maintenance of good health is achieved
through a multi-step process that only CR allows to complete: risk
assessment, optimization of drug therapy, exercise, educational
programs, psychological support, and follow-up with possible actions
for reinforcement. The CR allows not only to improve functional
capacity, promote a healthy lifestyle and improve the risk profile, but
above all it is able to significantly reduce the recurrent events and all-
cause mortality. Besides is a highly cost-effectiveness treatment.

The physicians, health service providers, policy makers who deal
with health care policy can not be separated from the implementation
of CR in modern evidence-based cardiac therapy. It’s time to be as

. . . . . . 88
aggressive with prevention as we were with intervention™.

CONFLICT OF INTERESTS

There are no conflicts of interest with regard to the present study.

REFERENCES

1  Gruentzig AR, Senning A, Siegenthaler WE. Nonoperative
dilatation of coronary-artery stenosis: percutaneous translu-
minal coronary angioplasty. N Engl | Med 1979; 301: 61- 68

2 Pompa J, Kuntz R, Baim D. Percutaneous coronary and val-
vular intervention. Braunwald’s Heart disease 1367-1402.

3 Riley RF, Don CW, Powell W, Maynard C et al. Trends in
Coronary Revascularization in the United States from 2001
to 2009: recent declines in Percutaneous Coronary Interven-
tion volumes. Circ Cardiovasc Qual Outcomes. 2011; 4: 193-
197

4  Ludman PF British Cardiovascular Intervention Society
National Audit of Percutaneous Coronary Interventional
Procedures January 2011 - December 2011

5  Taggart DP. Correspondance Lancet 2006; 367: 1313.

6 Bucher HC, Hengstler P, Schindler C, et al. Percutaneous
transluminal coronary angioplasty versus medical treat-
ment for non-acute coronary heart disease: meta-analysis of
randomised controlled trials. BM] 2000; 321: 73-77

7 Spertus JA, Salisbury AC, Jones PG, et al. Predictors of qual-
ity of life benefit after percutaneous coronary interventions.
Circulation 2004; 110: 3789-3794

o

——

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Venturini E A et a/. Cardiac Rehabilitation and PCI

Boden WE, O'Rourke RA, Koon K. Teo KK, Hartigan PM et
al. Optimal Medical Therapy with or without PCI for Stable
Coronary Disease. N Engl | Med 2007; 356: 1503-1516
Stergiopoulos K, Boden WE, Hartigan P, Mdbius-Winkler
S et al. Percutaneous Coronary Intervention outcomes in
patients with stable obstructive Coronary Artery Disease
and Myocardial Ischemia. A collaborative Meta-analysis of
contemporary randomized clinical trials. JAMA Intern Med.
2013. doi:10.1001/jamainternmed.2013.12855

Kotseva K, Wood D, De Backer G, De Bacquer D et al. EU-
ROASPIRE III: a survey on the lifestyle, risk factors and use
of cardioprotective drug therapies in coronary patients from
22 European countries. Eur | Cardiovasc Prev Rehabil 2009, 16:
121-137

Yusuf S, Hawken S, Ounpuu S et al. Effect of potentially
modifiable risk factors associated with myocardial infarc-
tion in 52 countries (the INTERHEART study): case-control
study. Lancet 2004; 364: 937-952

Ayala C. MMWR Morb Mortal Wkly Rep 2003; 52: 1072-
1075

Marchionni N, Fattirolli F, Fumagalli S et al. Improved
exercise tolerance and quality of life with cardiac rehabilita-
tion of older patients after myocardial infarction. Circulation
2003; 107: 2201-2206

Khattab AA, Knecht M, Meier B, Stephan S et al. Persis-
tence of uncontrolled cardiovascular risk factors in patients
treated with percutaneous interventions for stable coronary
artery disease not receiving cardiac rehabilitation. Eur | Car-
diovasc Prev Rehabil 2013; 20(5): 743-749

Bjarnason-Wehrens B, McGeeb H, Zwisler AD, Piepoli MF
et al. Cardiac rehabilitation in Europe: results from the Eu-
ropean Cardiac Rehabilitation Inventory Survey. Eur | Car-
diovasc Prev Rehabil 2010; 17: 410-418

Tramarin R, Ambrosetti M, De Feo S, Piepoli M et al. The
Italian Survey on Cardiac Rehabilitation-2008 (ISYDE-2008).
Monaldi Arch Chest Dis 2008; 70: 175-205

Aragam KG, Moscucci M, Smith DE, PhD, Riba AL et al.
Trends and disparities in referral to cardiac rehabilitation
after percutaneous coronary intervention. Am Heart | 2011;
161: 544-551

van Engen-Verheul M, de Vries H, Kemps H, Kraaijenhagen
R et al. Cardiac rehabilitation uptake and its determinants
in the Netherlands. Eur | Cardiovasc Prev Rehabil 2013; 20(2):
349-356

Wenger NK. Rehabilitation of the coronary patient: a pre-
view of tomorrow. | Cardiopul Rehab 1991; 11: 93-98

Wallner S, Watzinger N, Lindschinger M, Smolle KH, et al.
Effects of intensified lifestyle modification on the need for
revascularisation after coronary angioplasty. Eur | Clin In-
vest 1999; 29: 372-379

Clark AM, King-Shier KM, Duncan A, Spaling M et al.
Factors influencing referral to cardiac rehabilitation and
secondary prevention programs: a systematic review. Eur |
Cardiovasc Prev Rehabil 2013; 20(4): 692-700

Grace SL, Russell KL, Robert D. Reid RD, Oh P et al. Effect
of Cardiac Rehabilitation referral strategies on utilization
rates. Arch Intern Med 2011; 171(3): 235-241

Pack QR, Mansour M, Barboza JS, Hibner BA et al. An early
appointment to Outpatient Cardiac Rehabilitation at hospi-
tal discharge improves attendance at orientation. Circulation
2013; 127: 349-355

Gaw-Ens B, Laing G. Risk factor reduction behaviours in
coronary angioplasty and myocardial infarction patients.
Can | Cardiovasc Nurs 1994; 5: 4-12

Unal B, Critchley JA, Capewell S. Explaining the decline in
coronary heart disease mortality in England and Wales be-
tween 1981 and 2000. Circulation 2004; 109:1101-1107

© 2014 ACT. All rights reserved.

m - mnssll

2014-02-10 20:31:35 ’7



| T T

Venturini E A et a/. Cardiac Rehabilitation and PCI

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Ford ES, Ajani UA, Croft JB, Critchley JA et al. Explaining
the decrease in U.S. deaths from coronary disease, 1980-
2000. N Engl ] Med 2007 7; 356(23): 2388-2398

Palmieri L, Bennet K, Giampaoli S, Capewell S. Explaining
the decrease in coronary artery disease in Italy between
1980 and 2000. Am | Public Health 2010; 100(4): 684-692.
Pereira M, Azevedo A, Lunet N, Carreira H, O’Flaherty M,
Capewell S, Bennett K. Explaining the decline in coronary
heart disease mortality in Portugal between 1995 and 2008.
Circ Cardiovascular Qual Outcomes 2013; 6(6): 634-642
Alderman EL, Kip KE, Whitlow PL, Bashore T, Fortin D,
Bourassa MG, Lesperance ], Schwartz L, Stadius M; Bypass
Angioplasty Revascularization Investigation. Native coro-
nary disease progression exceeds failed revascularization as
cause of angina after five years in the Bypass Angioplasty
Revascularization Investigation (BARI). | Am Coll Cardiol
2004; 44: 766-774

Glaser R, Selzer F, Faxon DP, Laskey WK, Cohen HA, Slater
J, Detre KM, Wilensky RL. Clinical progression of inciden-
tal, asymptomatic lesions discovered during Culprit Vessel
coronary intervention. Circulation 2005; 111: 143-149

Stolker JM, Cohen DJ, Kennedy KF, Pencina MJ, Lindsey
JB, Mauri L, Cutlip DE, Kleiman NS; Evaluation of Drug-
Eluting Stents and Ischemic Events (EVENT) Investigators.
Repeat revascularization after contemporary percutaneous
coronary intervention: an evaluation of staged, target lesion,
and other unplanned revascularization procedures during
the first year. Circ Cardiovasc Interv 2012; 5: 772-782

Witt BJ, MD, Jacobsen SJ, Weston SA, Killian JM et al. Car-
diac Rehabilitation after myocardial infarction in the com-
munity. | Am Coll Cardiol 2004; 44: 988-996

Rauch B, Riemer T, Schwaab B, Schneider S et al. Short-
term comprehensive cardiac rehabilitation after AMI is
associated with reduced 1-year mortality: results from the
OMEGA study. Eur | Cardiovasc Prev Rehabil 2013 DOI:
10.1177/2047487313486040.

Alter SA, Oh PI, Chong A. Relationship between cardiac re-
habilitation and survival after acute cardiac hospitalization
within a universal health care system. Eur | Cardiovasc Prev
Rehabil 2009 Feb; 16(1):102-113

Martin BJ, Hauer T, Arena R, Austford LD, Galbraith PD,
Lewin AM, Knudtson ML, Ghali WA, Stone JA, Aggarwal
SG. Circulation 2012; 126: 677-687

Taylor RS, Brown A, Ebrahim S, Jolliffe ], Noorani H, Rees K,
Skidmore B, Stone JA, Thompson DR, Oldridge N. Exercise-
based rehabilitation for patients with coronary heart dis-
ease: systematic review and meta-analysis of randomized
controlled trials. Am | Med 2004 15; 116(10): 682-692

Lawler PR, Filio KB, Eisenberg M]J. Efficacy of exercise-
based cardiac rehabilitation post-myocardial infarction: a
systematic review and meta-analysis of randomized con-
trolled trials. Am Heart | 2011 Oct; 162(4): 571-584

Hammill BG, MS Curtis LH, Schulman KA, Whellan D].
Relationship between cardiac rehabilitation and long-term
risks of death and myocardial infarction among elderly
Medicare beneficiaries. Circulation. 2010; 121: 63-70
Beauchamp A, Worcester M, Ng A, Murphy B, Tatoulis J,
Grigg L, Newman R, Goble A. Attendance at cardiac reha-
bilitation is associated with lower all-cause mortality after
14 years of follow-up. Heart 2013; 99: 620-625

Pasquali SK, Alexander KP, Coombs LP, Lytle BL, Peterson
ED. Effect of cardiac rehabilitation on functional outcomes
after coronary revascularization. Am Heart | 2003; 145: 445-
451

Venturini E, Marabotti C, Chiesa F, Scalzini A. Effetti a
lungo termine della Riabilitazione Cardiologica di man-
tenimento. Communication at the XXXII National Congress

© 2014 ACT. All rights reserved.

—‘ 9.indd 2364

o

——

42

43

44

45

46

47

48

49

50

51.

52

53

54

55

56.

ANMCO. Florence, 2001

Hofman-Bang C, Lisspers ], Nordlander R, Nygren A, Sun-
din O, Ohman A, Rydén L. Two-year results of a controlled
study of residential rehabilitation for patients treated with
percutaneous transluminal coronary angioplasty. European
Heart ] 1999; 20: 1465-1474

Le Grande MR, Murphy BM, Higgins RO, Worcester MU,
Parkinson A, Brown SL, Elliott PC, Goble A]J. Physical activ-
ity and negative emotional response after percutaneous cor-
onary intervention. Eur | Cardiovasc Prev Rehab 2006 13:254-
260

Higgins HC, Hayer RL, Mc Kenna KT. Rehabilitation out-
comes following percutaneous coronary interventions. Pa-
tient education and counseling 2001 43: 219-230

Yu CM, Lau CP, Chau ], McGhee S, Kong SL, Cheung BM,
Li LS. A short course of cardiac rehabilitation program is
highly cost effective in improving long-term quality of life
in patients with recent myocardial infarction or percutane-
ous coronary intervention. Arch Phys Med Rehabil 2004; 85:
1915-1922

Lisspers J, Sundin O, Ohman A, Hofman-Bang C, Rydén L,
Nygren A. Long-term effects of lifestyle behaviour change
in coronary artery disease: effects on recurrent coronary
events after percutaneous coronary intervention. Health Psy-
chol 2005; 24: 41-48

Piestrzeniewicz K, Navarro-Kuczborska N, Bolinnska H,
Jegier A, Maciejewski M. The impact of comprehensive car-
diac rehabilitation in patients up to 55 years old after acute
myocardial infarction treated with primary coronary inter-
vention. Pol Arch Med Wewn 2004; 111(3): 309-317

Dendale P, Berger ], Hansen D, Vaes ], Benit E, Weymans M.
Cardiac rehabilitation reduces the rate of major adverse car-
diac events after percutaneous coronary intervention. Eur |
Cardiovasc Nurs 2005; 4(2): 113-116

Belardinelli R, Paolini I, Cianci G, Piva R, Georgiou D,
Purcaro A. Exercise training intervention after coronary an-
gioplasty: The ETICA Trial. | Am Coll Cardiol 2001; 37: 1891-
1900

Munk PS, Eva M. Staal EM, Butt N, Isaksen K et al. High-
intensity interval training may reduce in-stent restenosis
following percutaneous coronary intervention with stent
implantation: A randomized controlled trial evaluating the
relationship to endothelial function and inflammation. Am
Heart ] 2009; 158: 734-741

Munk PS, Breland UM, Aukrust PI, Ueland T et al. High
intensity interval training reduces systemic inflammation
in post-PCI patients. Eur | Cardiovasc Prev Rehab 2011 18(6):
850-857

Lee HL, Kim JH, Kim BO, ByunYS et al. Regular exercise
training reduces coronary restenosis after percutaneous
coronary intervention in patients with acute myocardial in-
farction. Int | Cardiol 2013, 167: 2617-2622

Griffo R, Ambrosetti M, Tramarin R, Fattirolli F, Temporelli
PL, Vestri AR, De Feo S, Tavazzi L; ICAROS investigators.
Effective secondary prevention through cardiac rehabilita-
tion after coronary revascularization and predictors of poor
adherence to lifestyle modification and medication. Results
of the ICAROS Survey. Int | Cardiol 2013; 167(4): 1390-1395
Goel K, R], Tilbury RT, Squires RW et al. and Randal ]J.
Thomas. Impact of Cardiac Rehabilitation on mortality and
cardiovascular events after percutaneous coronary interven-
tion in the community. Circulation 2011; 123: 2344-2352
Rechinsky E, Kalowsky M, Kasprazak, Trzos E et al. Benefi-
cial effects of cardiac rehabilitation in patients with incom-
plete revascularization after primary coronary angioplasty.
Eur ] Phys Rehabil Med 2013; 49: 1-7

Thomas R]. Cardiac Rehabilitation/Secondary Prevention

(T

2014-02-10 20:31:35 ’7



57

58

59

60

61

62

63

64

65

66.

67

68

69

70

71

72

—‘ 9.indd 2365

| T T

Programs: a raft for the rapids: why have we missed the
boat? Circulation 2007; 116: 1644-1646

Suaya JA, Shepard DS, Normand SL, Ades PA, Prottas J,
Stason WB. Use of cardiac rehabilitation by Medicare ben-
eficiaries after myocardial infarction or coronary bypass
surgery. Circulation 2007; 116: 1653-1662

Miller NH, Haskell WL, Berra K and DeBusk RF. Home ver-
sus group exercise training for increasing functional capac-
ity after myocardial infarction. Circulation 1984; 70; 645-649
Ades PA, Pashkow FJ, Fletcher G, Pina IL, Zohman LR,
Nestor JR. A controlled trial of cardiac rehabilitation in the
home setting using electrocardiographic and voice transtele-
phonic monitoring. Am Heart | 200; 139: 543-548

Venturini E, Talini E, Mannari D, Poli A et al. “Efficacia
di un modello ibrido Home-supervised di Riabilitazione
Cardiologica nei grandi anziani” Communication at the XL
National Congress of Cardiology ANMCO, Florence 2009
Lee YH, Hur SH, Sohn ], Lee HM, Park NH, Cho YK, Park
HS, Yoon HJ, Kim H, Nam CW, Kim YN, Kim KB. Impact
of Home-Based exercise training with wireless monitoring
on patients with acute coronary syndrome undergoing per-
cutaneous coronary intervention. | Korean Med Sci 2013; 28:
564-568

Jolly K, Taylor RS, Lip, GYH and Stevens A. Home-based
cardiac rehabilitation compared with centre-based reha-
bilitation and usual care: A systematic review and meta-
analysis. Int | Cardiol 2007;119(2): 202-211

Dalal HM, Zawada A, Jolly K, Moxham T et al. Home based
versus centre based cardiac rehabilitation: Cochrane sys-
tematic review and meta-analysis. BM] 2010; 340: b5631
Hambrecht R, Walther C, Mobius-Winkler S, Gielen S, Linke
A, Conradi K, Erbs S, Kluge R, Kendziorra K, Sabri O, Sick
P, Schuler G. Percutaneous coronary angioplasty compared
with exercise training in patients with stable coronary artery
disease: a randomized trial. Circulation 2004; 109: 1371-1378
Katritsis DG, Ioannidis JPA. Percutaneous coronary inter-
vention versus conservative therapy in nonacute coronary
artery disease. Circulation 2005;111:2906-2912.

Pursnani S, Korley F, Gopaul R, Kanade P, Chandra N,
Shaw RE, Bangalore S. Percutaneous coronary intervention
versus optimal medical therapy in stable coronary artery
disease: a systematic review and meta-analysis of random-
ized clinical trials. Circ Cardiovasc Interv 2012; 5(4): 476-490
Roberts WC. An agent with lipid-lowering, antihyperten-
sive, positive inotropic, negative chronotropic, vasodilating,
diuretic, anorexigenic, weight-reducing, cathartic, hypogly-
cemic, tranquilizing, hypnotic and antidepressive qualities.
Am ] Cardiol. 1984 Jan 1; 53(1): 261-262.

Maraj R, Fraifeld M, Owen AN, Kotler MN, Yazdanfar S.
Coronary dissection and thrombosis associated with exer-
cise testing three months after successful coronary stenting.
Clin Cardiol 1999; 22: 426-428

Senaratne MP, Smith G, Gulamhusein SS. Feasibility and
safety of early testing using the Bruce protocol after acute
myocardial infarction. | Am Coll Cardiol 2000; 35: 1212-1220
2013 ACCF/AHA Guideline for the Management of ST-El-
evation Myocardial Infarction. JACC 2013 January 29, 2013:
e78-140

2012 ACCF/AHA Focused update incorporated into
the ACCF/AHA 2007 guidelines for the management of
patients with unstable angina/non-ST-elevation myo-
cardial infarction. Circulation 2013; 127: DOI: 10.1161/
CIR.0b013e31828478ac.

Roffi M, Wenaweser P, Windeckers, Mehta H et al. Early ex-

$ 2014-02-10 20:31:35 ’7

11

—6— (T

Venturini E A et a/. Cardiac Rehabilitation and PCI

ercise after coronary stenting is safe. | Am Coll Cardiol 2003;
42:1569-1573

73 SogaY, Yokoi H, Ando K, Shirai s et al. Safety of early exer-
cise training after elective coronary stenting in patients with
stable coronary artery disease. Eur | Cardiovasc Prev Rehabil
2010 Apr; 17(2): 230-234

74  Goto Y, Sumida H, Ueshima K, Adachi H et al. Safety and
implementation of exercise testing and training after coro-
nary stenting in patients with acute myocardial infarction.
Circ ] 2002; 66: 930-936

75 Iliou MC, Pavy B, Martinez J, Corone S et al. Exercise
training is safe after coronary stenting: a prospective mul-
ticentre study. Eur | Cardiovasc Prev Rehabil 2013; DOI:
10.1177/2047487313505819

76  Piepoli MF, Corra’ U, Benzer W, Bjarnason-Wehrens B et al.
Secondary prevention through cardiac rehabilitation: from
knowledge to implementation. A position paper from the
Cardiac Rehabilitation Section of the European Association
of Cardiovascular Prevention and Rehabilitation. Eur | Car-
diovasc Prev Rehabil 2010, 17: 1-17

77  Fletcher GF, Ades PA, Kligfield P, Arena R et al. Exercise
Standards for Testing and Training: A Scientific Statement
From the American Heart Association. Circulation 2013; 128:
873-934

78  Grall SK, Porcari JP, DiRocco P, Foster C et al. The useful-
ness of continuous ECG monitoring in risk stratified Phase
II Cardiac Rehabilitation patients. Clin Exerc Physiol 2000; ,
133-140

79  Rognmo @, Moholdt T, Bakken H, Hole T, Molstad P, Myhr
NE, Grimsmo ], Wisleff U. Cardiovascular risk of high-
versus moderate-intensity aerobic exercise in coronary heart
disease patients. Circulation 2012; 126: 1436-1440

80 Myers ], Prakash M, Froelicher V, Do D, Partington S, At-
wood JE. Exercise capacity and mortality among men re-
ferred for exercise testing. N Engl ] Med 2002; 346:7 93-801

81 Mora S, Cook N, Buring JE, Ridker P et al. Physical activity
and reduced risk of cardiovascular events: potential mediat-
ing mechanisms. Circulation 2007; 116: 2110-2118

82 Karvonen MJ, Kentala E, Mustalo O. The effects of training
on heart rate; a longitudinal study. Ann Med Exp Biol Fenn
1957; 35(3): 307-315

83  Borg GA. Psychological bases of perceived exertion. Med Sci
Sports Exerc 192; 14(5): 377-381

84. Walther C, Gielen S, Hambrecht R. The effect of exercise
training on endothelial function in cardiovascular disease in
humans. Exerc Sport Sci Rev 2004; 32:129-134.

85 Lenk K, Uhlemann M, Schuler G, Adams V. Role of endo-
thelial progenitor cells in the beneficial effects of physical
exercise on atherosclerosis and coronary artery disease. |
Appl Physiol 2011; 111: 321-328

86 Schuler G, Adams V, GotoY. Role of exercise in the preven-
tion of cardiovascular disease: results, mechanisms, and
new perspectives. Eur Heart | 2013; 34: 1790-1799

87  Zbinden R, Zbinden S, Meier P, Hutter D, et al. Coronary
collateral flow in response to endurance exercise training.
Eur | Cardiovasc Prev Rehabil 2007;14:250-257

88  Wolk M], Bairey Merz CN, Thompson PD. President’s page:
The promise of prevention: so, why aren’t all cardiologists
“Preventive”? JACC 2004; 44(10): 2082-2084

Peer reviewer: Francesco Giallauria, MD, PhD, Department
of Translational Medical Sciences, Cardiac Rehabilitation Unit,
University of Naples “Federico 117, Via S. Pansini 5, 80131, Naples,
Italy.

© 2014 ACT. All rights reserved.




