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CHAPTER 32

Exercise Training After an Acute

Coronary Syndrome

Anil Nigam and Marlin Juneau

CLINICAL BENEFITS

Numerous publications have documented
the efficacy of exercise-based cardiac reha-
bilitation (CR) afier myocardial infarclion
(MI) ar coronary artery bypass SUTEUrY.
Because most studies published  were
underpowered to detect significant morlal-
ity reductions, many meta-analyses woro
performed o address this issue. Three
recent  meta-analyses'' have  confirmed
carlier reviews published in the late
cightios,*?

In their publication, Clark and col-
leagues' reviewed 63 randomized (riats
including a lotal of 21,295 patients. For the
40 trials that reported all-cause mortality,
represonling 16,142 patients, the overal]
morlality reduction was 47% al 2 yoars. The
risk of recurrent MI was reduced by 17%
over a mean follow-up of 12 months, Soven
trials reported a follow-up of at least 5 years
and documented a sustained long-term
benelit with a reduction of all-cause mortal-
ity of 23%. The treatment effect did not
differ between the different lypes of inter-
ventions, that is, exercise only or exercise
associnted with a comprehensive risk factor
reduction program.

Taylor and coworkers® reviewed 48 trials
with a total of 8940 patients in their sys-
temalic review. Their results show that
exercise-based GR is associated with a 20%
reduction in all-cause mortality and a 26%
reduction in cardiac mortality (Fig. 32-1),
There was no significant reduction in the
incidence of recurrent nonfalal M.

A systemalic review by the Cochrane
collaboration published initially in 2001
and revised in 2005" studied 51 trials for a
total of 8440 patients. They reporled a 27%
reduction in all-cause mortality and a 31%
reduction in cardiac mortality. Combined
events (nanfatal M1, coronary artery hvpass
surgery, and angioplasiv) were reduced by
19%. There was no evidence of risk reduc-
lion for recurrent nonfatal myoecardial
infarction.

COST-EFFECTIVENESS OF
EXERCISE-BASED CARDIAC
REHABILITATION

A review of 15 studies on the economic
impact of exercise-based CR was published
by Papadakis and colleagues in 2005.° The
authors concluded thal the range of cost per
life-year gained was between $2193 and
528,193 and from S668 to 516,118 per
quality-adjusted life-year gainod.

Ades and colleagues’ studied the cost of-
fectiveness of CR after myocardial infarc-
tion. Their resulls show a cost of $2130 per
life-year saved in the lale 1980s and $4950
per life-year saved in 1995. They concluded
that exercise-based CR is more cost effective
than thrombolylic therapy, coronary arlery
bypass surgery and cholesterol-lowering
maedication, although less cost effective than
smoking cessalion programs.

Fidan and coworkers® performed an eco-
nomtic analysis of trealiments to reduce coro-
nary hearl disease morlality in England and
Wales, and concluded that exercise-based
CR was among the most cosl-effective inter-
ventions. The cost per life-year gained was
1957 pounds sterling compared to angioten-
sin converling enzyvme inhibitors al 3398
pounds, and Lo statins at 4246 pounds per
life-vear gained.

A Canadian  government"-sponsored
study concluded that exercise-based GR
was cost-elfective with an estimated cost of
4050 canadian dollars per life-year gained,

Underutilization of Exercise-
Based Cardiac Rehabilitation

Despite the proven benefits of exercise-
based CR. it is still greatly underutilized in
North America and Europe, Recently Suaya
and coworkers' studied the use of CR in
267,427 Medicare beneficiaries and found
that CR was used in 13% of post-myocardial
infarction patienls and 31% of post-
coronary patients.  The

artery - surgery
adjusted CR use rate varied greatly
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Treatment
Study /N
01 Total montality
Anderson 81 4/46
Barr Taylor 91 13/293
Bell 99 8/102
Bengtssan 83 10/81
Bertie 92 0/57
Bethell 80 18/113
Carlssen 97 2118
Carson 82 121151
Engblom 85 12/119
Erdman 86 4/40
Fleicher 84 3/44
Fridlund 91 1/86
Heller 93 6/213
Halmback 94 1/34
Kellio 79 41/188
Kentala 72 5/152
Lisepera 99 0/46
Manchanda 00 /21
Miller 84 0/127
NEDHP 81 15/322
Oldridge 91 3/99
Ornish 90 2/53
PRECOR ™ 0/60
SCRIP 94 3145
Schuler g2 5/43
Sivarajan 82 3/88
Sivarajan B2i 3/86
Speccia 96 5125
Stern 83 /42
Vecchio 81 0i25
Vermuelen 83 2/47
WHO 83 116/868
Wilhelmson 75 28/158
Yu 03 3103
Sublotal {95%CH) 381/4295

Conlral
N

3/42
10/292
87102
6/80
3/53
121116
27
21/152
13/109
0/40
4/47
3/41
3/237
1/35
56/177
8/146
1/41
o/21
4/148
24/332
4102
1/40
4/61
3/155
6/53
2/84
1/84
12131
1/29
2/25
524
117i81
35157
4/53
361/4137

Test for helerogeneity chi-square = 31.53di =32 P =0.49
Tesl for overall elfect z - 2.83 P = 0.005

02 Cardiac moriality
Anderson 81
Betardinelli 01
Bethell 90
Carson 82
Kallio 79
Kentala 72
Manchanda 00
Milter 84
NEDHP 81
Ornish 90
SCRIP 94
Schuler 92
Sivarajan 82
Sivarajan B2ii
Speccia 96
Vermuelen 83
WHO 1983
Wilhelmson 75

Subtotal (95%CH)

4148
059
13113
12151
35188
5152
0/21

127
14323
2153
17145
5/56
3/86
3/88
51125
2/47
B84/768
23/158
211/2706

3/42
0/59
12116
21152
55187
71146
0/21
41144
20/326
1/4C
0/155
2/57
1/84
1/84
13/131
5/51
89/711
33/157
267/2665

Tesl for helerogeneity chi-square = 14.39di = 15 P= 0.5
Test for overall eifect z = -3.05 P = 0.002

OR
(95% Cl Fixed)

OR
(95% Cl Fixed)

1.24[0.26,5.89]
1.31]0.56,3.04]
1.00{0.36,2 78]
1.74[0.60,5.03)
0.13]0.01,2.49]
1.43{0.64,3.18]
0.99(0.14,7.18)
0.54{0.25,1.14]
0.83[0.36,1.80)
9.99[0.52,191.92
0.79[0.17,3.73})
0.15[0.02,1.48)
2.26[0.56,9.15]
1.03{0.06,17.18)
0.60[0.38,0.96)
0.59[0.19,1.84]
0.29[0.01,7.33]
Not Estimable
0.13[0.01,2.36)
0.63[0.32,1.22]
0.77(0.17,3.51)
1.53{0.13,17.48}
0.11[0.01,2.01)
1.07[0.21,5.39)
0.74[0.22,2.45)
1.45(0.24,8.88]
3.00[0.31,29.44]
0.41[0.14,1.21]
0.22[0.01,5.68]
0.18[0.01,4.04]
0.17[0.03,0.95]
0.91[0.69,1.21]
0.75[0.43,1.31]
0.37[0.08,1.71]
0.80{0.68,0.93]

1.24(0.26,5.89]
Not Estimable
1.13[0.49,2.59]
0.54[0.25,1.14]
0.55[0.34,0.89]
0.68[0.21,2.18]
Mot Estimable
0.12(0.01,2.30)
0.70[0.35,1.41)
1.53[0.13,17.48)
3.230.13,79.89]
2.70[0.50,14.52]
3.00[0.31,29.44]
2.93(0.30,28.74]
0.38[0.13,1.09]
0.41[0.08,2.22]
0.86[0.62,1.18})
0.64[0.36,1.15]
0.74[0.61,0.90]

FIGURE 32-1 Summary of the effects of exercise raining on total and cardiac mortality in patients with coronary heart

disease. (With permission from Taylor RS, Brown A, Ebralum 5, et al Exercise-based rehabilitation for patients with

coronary heart disease: Systematic review and meta-analysis of randamized controlled trials. Am J Med 2004, 116°682-692)



(1inefold) among states from 6.6% in Idaho to 53.5% in
Mebraska, Underuse in this study and others' was associaled
wilh older age, female gender, nonwhite ethnic origin, signifi-
cant comorbidities, and long distance from the GR program.

CARDIOPROTECTIVE MECHANISMS
OF EXERCISE

The cardioprotective effects of exercise in patients following
acuile coronary syndromes (ACS) as well as in those witl;
stable coronary hearl disease (CHD} are multifactorial and
appear lo be related to improvements in endothelial function,
inflammation, autonomic regulation of cardiovascular finc.
lion, and risk factor control, as well as polential antithrom-
butic effects and effects related to ischemic preconditioning
(Box 32-1),

The Endothelium

Both acute and chronic exercise have been shown to improve
erdothelial function by increasing  shear  stress-induced
llowv-medialed  arterial vasodilatation.® ™ Increased shoar
stress on the arterial wall during exercise leads 1o increased
production and release of nitric oxide (NO) from endothelial
cells.™ A single boul of vigorous exercise was recently shown
to improve endothelial funclion in the rat, with regular
exercise for 6 weeks further improving endothelial function.
Hambrecht and colleagues in a randomized, controlled trial
involving 19 patienis with stable GHD, demonstrated thal an
intensive in-hospital acrobic exercise training program of
4 weeks duration was able 1o improve coronary endothelial
function and coronary blood flow.'” A follow-up study assess-
ing the effect of a 5-month home-based exercise lraining
program in the same parlicipants showed that home-based
training {albeit al lower intensity and frequency} was suffi-
cient to partially sustain the improvements in endothelial
fuiction achieved after the initial 4-week in-hospital program,
suggesting the effects of exercise on endothelial Function
are dose-dependent.™ In a randomized, controtled irial of 12
weeks' duration in 18 patients with stable GHD, Edwards and
coworkers showed that CR with aerobic exercise training was
able o improve peripheral endothelial function as measured
via brachial ultrasonography.” Similarly, in a case-control
study of 58 patients with stable CHD, a 10-week super-
vised exercise lraining program involving predominantly
lower-limb activities (ireadmill, stationary bicycling), resulied

BOX 32-1

Cardioprotective Mechanisims of:

Excrcise

1 Improved endothetial function and passivation of atheroscle-
rotic plaques
2 Reduction in systemic inflammation
3 Beneficial effects on the autonomic regulation of cardiovas-
cular function
4 Improvement in risk factor control
o Increase in HDL-cholesterol concentrations
© Reduction in triglyceride concentrations
© Reduction in blood pressure
@ Reduction in body weight
© Reduction in insulin resistance and improvement in glucose
metabalism
5. Potential anti-thrombotic and anti-platelet effects
& Intrinsic mechanisms
@ Ischemic preconditioning with reduced myocardial damage
during prolonged ischemia
Prevention of reperfusion-induced ventricular arrhythmias

in an improvement in lower limb endothelial funclion while
endothelial function remained unchanged in the non-training
control group." Walsh and coworkers alsa showed in a ran.
domized, controlled, crossover study in 10 patients with
slable CHD that an 8-week combined aerobic and resistance
training program was able to improve conduit vossel endo-
thelial function, indicating the cffects of exercise on (he cenclo-
thelium are not limited 10 a single vascular bed but are
systemic.” Two studies have specifically assessed the effect
of exercise training on endothelial funclion fallowing acute
coronary syndromes. Firstly, Hosokawa and colleagues in
41 patients with recent myocardial infarction. showed
that subjects performing regular exercise had improved
coronary endothelial function after 6 months relative to non-
exercisers.” Finally, Vona and colleagues in a randomized,
controlled trial in 52 patients with a recent uncomplicaled
first._ myocardial infarction, demonstrated thal a 3-month
moderale-inlensily aerobic excrcise program improved bra-
chial artery endothelial funclion, while delraining resulted
in a deterioration in vascular function.

Several mechanisms have been put forth to explain the
beneficial effects of chronic exercise on endothelial function,
namely by re-establishing the balance between NO produc-
tion and degradation. Firstly, Hambrechl and coworkers
showed in patients with multivessel GHD undergoing coro-
nary bypass surgery, that a 4-weck in-hospital acrobic exer-
cise training program led to increased shear siress-induced
Akt-dependent phosphorylation of endothelial nitric oxide
synthase (eNOS) and eNOS expression in lelt internal
mammary c¢ndothelial cells relative 1o inaclive controls.?
Lxercise lraining also appears Lo reduce NO degradation
by reducing oxidative siress through decreased expression
of angiolensin-Il  {ATH) subtype [ receptor, reduced
nicatinamide-adenine  dinucleotide phosphate  (NADPIY)
oxidase-derived production of reactive oxygen species (ROS)
and prevention of ATI-induced vasoconstriction of conduit
arleries.™ Finally, aerobic exercise might improve endothelial
function by slimulation of endothelial progenitor cell (EPC)
formation and release from hone marrow, resulting in repair
of damaged vascular endothelium. Adams and colleagues
showed in CHD patients with exercisc-induced ischomia thal
a single hout of exercise was sufficient to increase blood EPC
levels, whereas EPC levels remained unchanged in CIID
patients without ischemia and in lealthy volunteers.® In
work by the same group, a 4-week exercise training program
in patients with symptomatic peripheral vascular disease was
shown 1o significantly increase blood EPG levels, whereas
EPC levels remained unchanged in revascularized paticnls as
well as in CHD subjects who trained below the ischemic
threshold.*' These data suggest that ischemia plays an impor-
lant role in promoting EPC formation and release, perhaps
through increased levels of vascular endothelial growth
factor. Finally, in 20 patients with CHD and/or cardiovascular
(CV) risk faclors, a 12-week running program was shown to
significantly increase circulating EPC levels, which corre-
lated with improved endothelial function.™ No studies have
evaluated the effect of exercise training on EPC levels in
patients following an acute coronary syndrome.

Atherosclerosis Progression/Regression

Three studies have evaluated the effect of exercise training
in combination with lifestyle interventions on angingraphic
coranary artery disease. The first was the study by Schuler
and colleagues in which 113 patients with stable angina were
randomly assigned Lo either a usual care group or lo an inter-
vention group consisting of daily cxercise training (approxi-
mately 4 hours per week) in combination with a low-Ffat diet.?”
After 12 maonths of treatment, atherosclerosis progression was
significanlly reduced in the intervention group relative to the
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364 control group. In the Stanford Coronary Risk Intervention

Project, 259 men and 41 women with angiographically docu-
mented coronary atherosclerosis were randomly assigned lo
either a usual care control group or to a multifactor risk
reduction program which included a low-fat diet, exercise
lraining, smoking cessation, weight toss, and lipid-lowering
medication.®® After 4 years, the progression of atherosclerosis
was reduced by 47% (P <.02), and hospitalization for cardiag
events was reduced by 39% (P = .05) in the multifactor risk
reduclion group, Finally, in the Lifestyle Hearl ‘Irial, 48
patients with moderale lo severe coronary heart discase were
randomly allocated to cither o usual care group or 1o an
intensive lifestyle intervention group (low-fat vegelarian diel,
regular acrobic exercise, smoking cessation, stress wanage-
ment, and group psychosocial therapy) and Tallowed for &
years®' At the end of follow-up, average pervent diametoer
stenosis was reduced by 8% in the intervention group, while
this parameter increased by 28% in the usual care group (P
= .001 belween groups). Tmportantly, the risk of a cardiac
evenl was Z.5-fold higher in the control group relative o the
intervention group. These studies highlight 1he dramatic
reduction in cardiac events with @ multifactor risk reduction
program including regular acrobic exercise, despite only
modest changes in angiographic atherosclerosis burden, More
recently, Hambrecht and colleagues randomized 101 men
with class 1 to NI angina pectoris and evidence of one coro-
nary artery with greater than ar equal to 75% diameter ste-
nosis to either aerobic exercise (raining for 1 year or
perculaneous coronary intervention (PCI1)L* Subjects in the
exercise training group had a higher event-free survival rela-
tive 1o those in the PCI group (88% vs. 70%, P = .0234) and
better functional capacily al the end of 1 year. As with carly
stalin studies that showed a significanl reduction in clinical
evenls despile modes!t changes in plague burden, the striking
clinical benefits with exercise training are now attributed to
improved endothelial funclion and passivation of atheroscle-
rotic plaques.® No studies have evaluated the impact of
regular exercise on progression or regression of atherosclera-
sis following ACS.

inflammation

Inflammation plays a major role in the pathogenesis of ath-
erosclerosis and CHD."' A very sensitive marker of inflamma-
tion and one of the most studied biomarkers in patients with
CHD is the acute-phase reactant Cereactive protein (CRP).™
Elevated CRP levels are associated with a significantly higher
risk of morbidity and mortality in otherwise healthy men and
women.* ™ A recent meta-analysis of studies evaluating the
relationship between exercise and CRP in healthy men
and women showed thal regular exercise produces an anti-
inflammatory effect associaled with lower CRP levels.” A
12-week aerobic exercise training program was shown to
significantly reduce levels of several inflammatory markers
including CRP in patients with stable CHD.” Similarly, a
12-week aercbic training program conducted in 32 patients
with CHD and/or CV risk faclors demonstrated a reduction
in chemokines, interleukin-8, and monocyte chemoatiractant
protein-1 as well as a reduction in matrix metalloproteinasc-
8. In 39 patients randomized to either a contral group or
exercise training consisling of 1 month high-frequency
aerobic training (90 minutes per day) followed by home-
based moderate-frequency training (30 minutes per day),
high-frequency training was associated wilh a significant
reduction in several proinflammatory cell adhesion mole-
cules, with a blunted response at 5 months after moderate-
frequency training.” These data suggest a dose-response
effect of chronic exercise on inflammation. Finally, in 101
male patients with symptomatic CHD randomized to exercise
training or PCl and followed for 2 years, exercise training was

associated with a significant reduction in both CRP and inep
leukin-6 levels while no changes were observed in inflamma.
lory parameters in the PCI group.*’ No studies have specifical]
assessed the impact of exercise training on inﬂmnmulury
markers in palients alter ACS.

The Autonomic Nervous System

Measures of autonomnic regulation of CV function and cardia
vagal activily including heart rate variability (HRV] and barq.
rellex sensitivily (BRS), have been shown 1o he powerfyl,
independent prognostic indicators in post-M1 palients.* Bol,
decreased HRV and 8RS, indicative ol a sympathovagal
imbalance, are associated wilh an increased risk of vontiicy.
lar arrhythmias and sudden cardiac death following myocar-
dial infarction.” To date, nine studies have been performed
in post-MI patients to study the elfects of chronic oxercise
training (3-6 month programs) on cardiac awlonomic conlrol,
of which the majority showed a decrease in resting hoart raie
and improved sympathovagal balance.®" While the mecha.
nism of exercise-induced augmentation of cardiac vagal tone
remains Lo be elucidated, data suggest that both peripherally
and centrally produced NO (in neuronal cells) may exert a
facilitation eflect on barareflex alferenl-mediated activily in
the nucleus traclus solitarius and increase central and periph-
eral vagal nerve activity.”

Risk Factor Control
Lipid Control

A recenl review ol the impact of exercise on bleod lipid levels
in the noncoronary population indicates a predominant effect
of exercise training on high-density lipoprotein (HDL)-
cholesterol and triglycerides with few and variable effects on
total and low-density lipoprotein (LDL)-cholesicro}.* Cross-
seclional and prospective studies indicate that a training
volume of 15 to 20 miles (24-32 km) per week of brisk walking
or jogging corresponding to 1200-2200 kcal/week enorgy
expenditure can increase HDL-cholesterol levels by 2 to
8 mg/dL, while reducing triglyceride levels by 8 to 20 mg/dL.
A threshold value of 900 kcal appears 1o be required 1o raise
HDL-cholesterol with a subsequent dose-response effect.®*
[n & mela-analysis of randomized trials in paticnts with CV
disease, aerobic exercise lraining was associated with a 9%
(3.7 £ 1.3 mg/dL) increase in HDL-cholesiero}, and an 11%
(19.3 £ 5.4 mg/dL) reduction in triglycerides with no signifi-
cant change in total or LDL-cholesterol.5!

Blood Pressure

In a meta-analysis of 54 randomized trials eonducled in indi-
viduals with and without hypertension, aerobic exercise
training for 2 weeks or more was shown to Jower systolic
bloed pressure by 3 to 4 mm Hg and diastolic blood pressure
by 2 1o 3 mm Hg, with a greater blood pressure-lowering
effect noted in hypertensive patients.” Although less well
studied, resistance training has been shown to lower diastolic
blood pressure by 3 to 4 mm Hg.* Similarly, a regular walking
program of 24 weeks or more duration was shown to signifi-
cantly lower diastolic blood pressure by 2 to 3 mm Hg with
no significant effects on systolic blood pressure according lo
a recenl systematic review.” Finally, in a review of studies
on exercise-based CR programs in patients with CHD inctud-
ing prior MI, exercise training (median program duration of
3 months) was associated with a significant 3.2 mm Hg
reduction in systolic blood pressure (P = .005) with no sig-
nificant reduction in diastolic blood pressure.?

Weight Loss

Several syslemalic reviews have evaluated the impact of
aerobic exercise training on weight loss in overweight an



obese subjeels.™ " All showed significant weight loss ranging
from 2 to 11 kg with programs lasting 12 wecks to 1 vear.
Exercise training was also niore effective for weight reduction
if combined with a dietary intervention. Two studies of the
effects of exercise-based CR of 3 months' duration on wejght
loss found either no weight loss or modest weight loss (2%)
solely in obese subjects.”™ A lang-term (=6 maonths' dura-
tion) exercise training program was recently shown to resull
in modest but significant weighl loss in GHD subjects with
metabolic syndrome. ™

Insulin Resistance Syndromes

A large body of literature has demonstrated the heneficial
cffects of exercise un insulin resistance syndromes including
metaboiic syndrome and type 2 diabetes mellitus, The subject
is beyond the scope of this book and the reader is invited to
consull one of the many excellent review articles on the
subject. In a randomized trial of 29 patients with CHD, a
12-week stpervised oxercise training program in the abscence
of weight loss was not associated with an improvement in
insulin sensitivity." As noted ecarlier, a lung-term exercise
training program in CID patiemts with the metabolic syn-
drome was shown to reduce ohesity-related  parametors
including body weight, hody mass index, and insulin resis-
tance (Fig, 32.2)."

Antithrombotic Effects of Exercise

The effects of exercise Lraining on hemostasis and coagulation
remain unclear. Paradoxically, acute vigorous exercise has
been shown to cause aclivation of biood coagulation, accel-
eration of blood fibrinolysis, and effects on platelet funclion,
whereas moderate-intensity exercise results solely in activa-
tion of fibrinalysis.”™* Whether these findings possess clini-
cal relevance, however, remain unclear. Information regarding
the effects of chronic exercise lraining are incomplete and
conlradiclory, most probably due 1o differences in study
populations, training duration and intensity, and the analyti-
cal methods used." ™ Similarly, acutle exercise has been
shown to potentially increase platelet activation, whereas the
effocts of chronic exercise training on platelet function remain
unclear.”® Future studies are required to evaluate the effects
of both acrobic and resistance training on hemaoslasis and
platelet function in patients with CHD.

rioo -
904 ! B Pretraining
go | O Posttraining

0 1 2 3
Numbers of risk factors

FIGURE 32-2 Frequency distribution of metabalic syndrome nisk factars (ATP NI
Gileria) among CHD patients before and after a ong-ierm (6-month) cardiac
fekabilitation program P < .0001. MS, merzbolic syndrome. {Adapred with
Peimission from Gayda M, Brun €, Juneau M, ot &f Long-tetm cardhac rehabiltation
and exercise training programs imprave melabolic parameters in metabolic syndrome
Patients with and withoul coronary heart disease. Nutr Metab ¢ ardiovasc Dis
200818 142-151.)

Cardioprotective Effects of Exercise: Intrinsic Mechanisms

Ischemic preconditioning refers o the phenomenon whercby
exposure Lo brief episodes of ischemia prior lo a prolonged
ischemic period followed by reperfusion leads to delayl
myocardial injury and smaller infarct size. ™ This plenom-
enon was first described in the rat mede! in 1978 and has
since boen confirmed in a series of animal studics, although
the oxact underlying mechanisms remain unclear®° Several
lines of evidence sugpest the same phenomenon occurs in
humans. For example, preinfarction angina is associated
with smaller infarct size, a lower incidence of congestive
heart failure, and decreased morlality.” ™ During PCI, succes-
sive balloon inflations have been shown 1o resull in decre-
mental SFsegment  clevation,™ Finally, the phenomenon
of warm-up angina whereby patients may present angina
upon initiation of exercise, which then fails to return upon
resumplion of exercise, is also thought to be a manifoe-
slation of ischemic preconditioning,™ which theoretically
could provide prolection during longer periods of ischemia
such as during myocardial infarction.

Summary

The mortality benelits of exercise-based CR following ACS
appear lo be related lo mulliple cardioprotective mecha-
nisms, including effects on endothelial function, autonomic
tone, inflammation, and improved risk factor control. The
final common pathways of risk reduction presumably operate
through improved endothelial function, leading to plaque
passivation and thereby reducing the risk of recurrent jsch-
emic events, as well as effects on autonomic contro) of car-
diovascular function leading to a reduced risk of sudden
cardiac death. Future work will be required 1o enhance our
understanding, particularly of the antithrombotic potential of
exercise training, which at this time remains unclear.

EXERCISE PRESCRIPTION

The main components of exercise prescription include the
maode of exercise, the intensity, the frequency, and the dura-
lion (Table 32-1). To develop an individualized exorcise
training program, a complete risk stratification must bhe per-
formed. Since post-ACS risk stratification is discussed else-
where in this texthook, only the principal components of the
pretraining risk stratification will be presented here. This
topic is discussed in details in published guidelines.”" ™

TABLE 32-1 | Exercise Prescription for Subjects with

t Coronary Heart Discase

Agrobic Training

Intensicy:*

® Heart rate: 65%-85% of maximal HR** or 40%-60% of the HR reserve
(HR reserve = (maximal HR - resting HR) + resting HR),

® Gas exchange measurements: 40%-60% of maximal VO,

® Perceived exertion: Borg scale 12-14.

Frequency: 3-5 sessions/week,

Duration: 20-45 minutes/session

Resistance Training

Intensity: 30%-40% of 1-RM for upper body exercises. 40%-60% of 1-RM
for lower body exercises

Repetitions: 10-15 per set

Number of sets: B-10 sets of different exercises,

Frequency' 2-3 sessions/weck

*As meatured during a symptom-lumted exercise test
**See rewt of exercise-induced ischemia s present during the exercise test
HR, heart rate, 1.RM, maximum we ght that can be lified 1o complete one repention
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A symptom-limited exercise test’”” must be performed to
evaluate exercise tolerance, perceived exertion (Borg scale),
blood pressure and heart rate responses, as well as the pres-
ence or absence of exercise-induced angina, ischemia, and
arrthythmias. An individualized Ramyp protocol (treadmill or
ergo cycle] is preferred since it provides a betler estimalion
of exercise capacily™ and can be beller adapted lo older
patients or those with poor exercise capacity. An echotardio-
gram should be performed to evaluate left ventricular func-
tion, valvular abnormalities, presence of thrombus, elc.

Both aerobic {endurance) and resislance exercises are rec-
ommended.™ For aerobic exercise, aclivities that use large
muscle groups such as walking, jogging, running, swinming,
and cycling are adequate.

Intensity

In general, exercise training should be undertaken at a moder-
ate intensity. Several methods may be used lo delermine the
target hearl rate during exercise. The simplesl one is lo
use 65% to 85% of the maximal heart rate achieved on the
symptom-limited exercise test performed with the patient
taking their usual medication including bela-blocking agents.
A second method is lo use 40% to 60% of the hearl rate
reserve (maximal hearl rate - resting hear! rate} and add this
figure lo the resting heart rate. For a patient with a maximal

heart rate of 160 and a resting heart rate of 60, this would -

mean a targel hearl rate of 100 to 120 beats/min (160 - 60 x
40% - 60% + GD).

A third and more complex melhod since it necessitates the
measurement of gas exchange during a cardiopulmonary
exercise test, is lo use a percenlage (usually 40%-60%) of
measured maximal oxygen uplake (VO,).

Finally, exercise intensity may also be prescribed based
upon the rale of perceived exertion measured with the Borg
scale. This scale is used during the pretraining exercise test
to specify the rate of percecived exertion during exercise train-
ing, and has been shown to be superior to the heart rate
method for determining a precise exercise intensity.” This
method also enables the patient to train at the desired inten-
sily in many conditions where heart rate measurement is
impractical (swimming, skiing, sailing, etc). The patient who
uses the rate of perceived exertion to judge exercise intensity
also loarns to be aware of his or her symptoms and warning
signs (chest pain, palpitations, dyspnea, elc.) rather than
relying only on target hearl rate. The 15-level original scale
ranges from & (very light) to 20 {maximum) and the recom-
mended target levels during training are 12 to 14. Level 14
on the Borg scale of perceived exertion generally corresponds
lo the ventilatory threshold, that is, the highest level of
oxygen cansumption during exercise in the absence of & sig-
nificanl increase in blood lactate.™ Since it is nol recom-
mended for coronary patients to train above this threshold,
the rating of perceived exertion on the Borg scale grade
should be limited to 14 during training sessions.™

Patients with exercise-induced ischemia, that is, present-
ing a horizontal or downsloping ST-segment depression of
greater than or equal to 1 mm, represent a special challenge
for prescribing exercise intensily. Current recommendations
state that in the presence of exercise-induced ischemia, the
maximal heart rate during exercise training should be at least
10 beats per minute below the heart rate associated with
preater than or equal to 1 mm ST-segment depression.®
Unfortunately for patients with a relatively low ischemic
threshold, this recommendation does not allow for a suffi-
cient training stimulus.®* Training coronary patients above
the ischemic threshold when this threshold is relatively low
is a controversial issue and reguires medical supervision.
Since 1991 at the Montreal Heart [nstitute Cardiovascular
Prevention Centre, we have been prescribing exercise training
in coronary patients at a target heart rate range of 65% to 85%

of maximal achieved heart rate regardless of the presence op
absence of exercise-induced ischemia. In 2002 we reporieq
the chart review of 605 patients with documentied coronary
artery disease who trained from 3 months to 10 years repre.
senling a total of 295,000 patient-hours of training.” In thjg
retrospeclive analysis, exercise training above the ischemie
threshold was not associaled with a higher incidence of dogy-
mented coronary events relative to exercise training in the
absence of exercise-induced ischemia. The event rale wag
1/55,000 patienl-hours ol raining versus 1/50,000 patient-
hours, respectively. To evaluate the possibility of myocardial
damage alter a training session above the ischemic threshold,
we measured troponin T levels in 20 palients with stablq
coronary disease after 2 lraining sessions: one above the isch.
emic threshold and the other under this threshold. We found
uno evidence of myocardial damage following either training
session.”

The recommended frequency of training is between 3 and
5 sessions per week and the duration is usually from 20 1o
45 minules of continuous or disconlinuous excrcise. The
exercise sessions must be preceded by @ warm-up period of
5 to minutes and by an equivalent cool-down period.

Resistance Training

Resislance training, because its health benefits and salely are
well documented, is now part of exercise-based CR™™ for
stable coronary patients and flor patients alter an ACS.* Resis-
tance training enhances muscular strength, endurance, and
muscuiar mass. Il also has benelficial effect on most CV risk
factors. The prescription of resislance lraining is based on the
maximum weight thal can be used lo complete one repetition
{1-RM). The usual prescription is to perform 30% to 40% of
1-RM for upper body exercises and 40% 1o 60% of 1-RM for
lower body exercises. Each set of exercises includes 10 to 15
repetitions, and usually 8 to 10 sets of different exercises are
performed. The resistance training sessions are repealed 2 to
3 times per week."

Risk of Exercise-Related Major Cardiac Events

The risk of cardiac events during exercise-based CR has been
the subject of numerous studies. The reported range of major
cardiac events is belween 1/50,000 lo 1/120,000 patient-
hours of exercise in medically supervised programs.” In a
recenl publication, Pavy and colleagues™ rteporled the dala
ol a prospective registry of 65 CR programs in France repre-
senling 25,420 patients. During 1 year, the major cardiac
evenl rale was 1/49,565 patient-hours of exercise training and
the cardiac arrest rate was 1/1.3 million patient-hours
of exercise. No deaths occurred during the 1-year period.
Franklin and coworkers* reporled a single center experience
of 16 years of exercise-based CR. Two cardiac arrests and
three nonfatal myocardial infarctions occurred. Accordingly,
the rate of cardiac arrest was 1/146,127 per patient-hours of
exercise and for acute myocardial infarction, the rate was 1/
97,418 patient-hours of exercise. The authors concluded that
the risk of major cardiovascular events during CR is very law
and that current risk stratification criteria can identify patients
at risk of exercise-related cardiovascular events.

Risk Stratification and Level of Supervision

Risk stratification after an ACS is discussed in Chapter 18.
Risk stratification for exercise training in healthy individuals
and in cardiac palients is also recommended.’? Class A rep-
resents apparently healthy individuals. Patients with a recent
ACS can be categorized as low risk {class B} or moderate 10
high risk (class C). In summary, class B patients have the
following characteristics:

s New York Heart Association (NYHA) or Ganadian Car-

diovascular Sociely (CCS) class 1 1o 2
s Exercise capacily 26 metabolic equivalents [METS)




¢ No clinical heart failure

e No angina or ischemia <6 METS

o LEjection fraction >30%

Class C patients present the following characleristics:

® NYHA or CCS class 3 1o 4

e Lxercise capacity <6 METS

® Angina or ischemia <6 METS

e Nonsustained ventricular lachycardia (V)

¢ Ejection fraction <30%

Low-risk patients (class B) can safely train i a structured
program but do not require direct medical supervision. They
can also train al home with prior evaluation and insiructions
if they are capable of monitoring their exercise intensity by
the rate of perceived exertion method or heart rate,

Moderale- to high-risk patients {class C) should be referrad
to a medically supervised program with all the necessary
personnel and equipment. The personnel must be trained to
provide advanced cardiae life support and defibrillation.

Air Pollution and Risk of Coronary Events During Exercise

A very large number of epidemiologic and experimental
sturlies have demonstrated the link between atmaspheric pol-
lution and CV events.” Miller and coworkers sludied the
effect of particulate matter (less than 2.5 Hm in acrodynamic
diameler} exposure in 65,893 postmenopausal women inj-
tially [ree of previous CV disease in 36 U.S. cities during a
mean follow-up of 6 years. They reported that each increase
of 10 pg per cubic meter of particulate matter was associated
with a 24% increase in the risk of a CV event and a 76%
increase in the risk of CV-related death.” Short-term expo-
sure to atmospheric particulate malter also significantly con-
tributes to increased mortality and morbidity, especially in
high-risk individuals.""* Peters and colleagues showed that
transient exposure la traffic may trigger an acute Ml in high-
risk individuals.™ This is especially important for patients
who exercise in cities with poor air qualily. [n a recent study
of patients with prior MI exposed lo diesel smoke during
exercise, Mills and coworkers™ demonstrated that diesel
exhaust increases myocardial ischemia and inhibits endoge-
nous fibrinolytic capacity. These findings suggest that the risk
of triggering an acule coronary event may be increased when
exercising in polluted areas, and some authors recommend
avoiding exercise training near traffic when possible 1o “opli-
mize the risk-benefit ratio” of exercise.” Potential mecha-
nisms to explain the effect of poor air quality on triggering
ACS include a reduction in myocardial oxygen supply sec-
ondary to vasoconstriction or a decrease in oXygen carrying
capacity caused by increased carbon monoxide. Transicnt
thrombus formation may also be involved since polluted
environments with small parliculate matter are proinflamma-
tory and prothrombolic."

CONCLUSION

Exercise training afler ACS is a very effeclive nonpharmaco-
logic intervention to reduce morlality and morbidity and also
to improve qualily of life. lis clinical benefits appear to be
related to multiple cardioprotective mechanisms, including
effects on endothelial function, autonomic lone, infllamma-
tion, and improved risk factor control. Unfortunately this
therapeutic intervention is still greatly underused,
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