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This statement was developed following a thorough consideration of
medical literature and the best available evidence and clinical experience. It
represents the consensus of a Canadian panel comprised of multidisciplinary

experts on this topic with a mandate to formulate disease-specific recom-
mendations. These recommendations are aimed to provide a reasonable and
practical approach to care for specialists and allied health professionals obliged
with the duty of bestowing optimal care to patients and families, and can be
subject to change as scientific knowledge and technology advance and as
practice patterns evolve. The statement is not intended to be a substitute for
physicians using their individual judgement in managing clinical care in
consultation with the patient, with appropriate regard to all the individual
circumstances of the patient, diagnostic and treatment options available and
available resources. Adherence to these recommendations will not necessarily
produce successful outcomes in every case.
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ABSTRACT
The 2013 Canadian Cardiovascular Society Heart Failure Management
Guidelines Update provides focused discussions on the management
recommendations on 2 topics: (1) exercise and rehabilitation; and (2)
surgical coronary revascularization in patients with heart failure. First,
all patients with stable New York Heart Association class I-III symp-
toms should be considered for enrollment in a tailored exercise
training program, to improve exercise tolerance and quality of life.
Second, selected patients with suitable coronary anatomy should be
considered for bypass graft surgery. As in previous updates, the topics
were chosen in response to stakeholder feedback. The 2013 Update
also includes recommendations, values and preferences, and practical
tips to assist the clinicians and health care workers manage their
patients with heart failure.
R�ESUM�E
La mise à jour 2013 des Lignes directrices sur la prise en charge de
l’insuffisance cardiaque de la Soci�et�e canadienne de cardiologie pro-
pose 2 sujets de discussion ax�es sur les recommandations de prise en
charge : 1) l’activit�e physique et la r�eadaptation; 2) la revascularisation
coronarienne chirurgicale chez les patients ayant une insuffisance
cardiaque. Premièrement, tous les patients qui ont des symptômes
stables correspondant à la classification I-III de la New York Heart
Association devraient être jug�es admissibles à la participation au
programme d’entraînement physique personnalis�e afin d’am�eliorer
leur tol�erance à l’activit�e physique et leur qualit�e de vie. Deuxième-
ment, les patients dont l’anatomie coronarienne s’y prête devraient
être jug�es admissibles au pontage. Comme dans les mises à jour
pr�ec�edentes, les sujets ont �et�e choisis en r�eponse à la r�etroaction des
parties prenantes. La mise à jour 2013 inclut des recommandations,
des valeurs et des pr�ef�erences, et des conseils pratiques pour aider les
cliniciens et les travailleurs de la sant�e à prendre en charge leurs
patients souffrant d’insuffisance cardiaque.
RECOMMENDATION

1. We recommend that all patients with stable New York
Heart Association (NYHA) class I-III symptoms be
considered for enrollment in a supervised tailored ex-
ercise training program, to improve exercise tolerance
and quality of life (Strong Recommendation,
Moderate-Quality Evidence).

Values and preferences. This recommendation places a
high value on improvements in nonmorbid outcomes and
recognizes that not all patients will be able to participate
in a structured exercise training program because of pa-
tient preferences or availability of resources.

2. We recommend that an assessment of clinical status by
a clinician experienced in the management of HF pa-
tients be completed before considering an exercise
training program (Strong Recommendation, Low-
Quality Evidence).

Values and preferences. This recommendation places a
high value on clinician’s assessment of the clinical stability
of a patient and their appropriateness to start exercise,
recognizing that most patients will be eligible to
participate.
The Canadian Cardiovascular Society (CCS) has published
heart failure (HF) management guidelines since 20061 as part
of a commitment to a multiyear, closed-loop initiative to
provide support for the best practice of HF management. The
CCS has also implemented the National Heart Failure
Workshop Initiative; a series of case-based workshops initiated
to discuss how to implement guidelines and identify chal-
lenges facing health care providers in HF management.
Feedback from these sessions, together with specific solicited
input from key stake holders, led to other important topics
covered annually in subsequent years. These annual updates
have produced a series of evidence-based reports with rec-
ommendations and practical tips outlining suggestions for HF
management.2-7

The constitution and roles of the primary and secondary
panels, systematic review strategy, and methods for formu-
lating the recommendations and practical tips are described in
detail on the CCS HF Consensus Web site (www.
ccsguidelineprograms.ca).

Since 2011, the recommendations have followed the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE).8 The GRADE system classifies the
quality of evidence as high (further research very unlikely to
change confidence in the estimate of effect), moderate (further
research likely to have an important impact on confidence in
the estimate of effect and may change the estimate), low
(further research very likely to have an important impact on
confidence in the estimate of effect and likely to change the
estimate), and very low (estimate of the effect very uncertain).
The GRADE system offers 2 grades of recommendations:
“strong” (desirable effects clearly outweigh undesirable effects
or clearly do not) and “weak” or “conditional.” When trade-
offs are less certain, either because of low-quality evidence
or because evidence suggests desirable and undesirable effects
are closely balanced, weak recommendations become
mandatory. Furthermore, since 2012 the Committee has
included Values and Preferences,8 which complement the
GRADE system of recommendations. Recommendations will
not be given in areas in which the evidence is believed to be
inadequate.

The objectives of the 2013 CCS Heart Failure Consensus
Update were to provide a review of HF management and
recommendations in 2 areas: (1) exercise and rehabilitation;
and (2) surgical coronary revascularization.
Rehabilitation and Exercise in HF

Exercise training in patients with HF
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RECOMMENDATION

1. We recommend that gradual mobilization and/or small
muscle group strength/flexibility exercises be consid-
ered as soon as possible either alone or in combination
for patients with NYHA class IV symptoms or recently
decompensated HF. This should be considered only in
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It is well recognized that exercise-based cardiac rehabilitation
programs for patients with HF improve exercise capacity,
skeletal and respiratory muscle function, quality of life, auto-
nomic function, and biomarkers, and reduce depressive symp-
toms and cardiovascular risk factors.9,10 Based on the results of
past studies of exercise training, maintenance of physical activity
should be considered for stable patients with systolic dysfunc-
tion.11 Patients are considered stable if in the past 6 weeks there
is no change in NYHA functional class, and there are no HF
hospitalizations, major cardiovascular events, or procedures.

Earlier studies on cardiac rehabilitation in HF included
meta-analyses and systematic reviews were inadequately pow-
ered to evaluate mortality and morbidity, and often lacking
adequate control groups.12,13 This lack of data led to theHeart
Failure and A Controlled Trial Investigating Outcomes of Ex-
ercise TraiNing (HF-ACTION) trial,11 a randomized
controlled trial (RCT) of 2331 patients powered to assess the
effects of long-term exercise training on cardiovascular out-
comes and safety in patients with chronic HF and reduced left
ventricular (LV) ejection fraction (LVEF). Patients in the trial
had a median age of 59 years, 28% were women, 37% had
NYHA class III or IV symptoms, 51% had an ischemic etiology
and median LVEF was 25%. Patients randomized to the exer-
cise training arm first participated in a structured, group-based,
supervised exercise program, with a goal of 3 sessions per week
for a total of 36 sessions in 3 months (walking, treadmill, or
stationary cycling as their primary training mode). Exercise was
initiated at 15 to 30 minutes per session at a heart rate (HR)
corresponding to resting HR plus 60% of HR reserve (HRR),
defined asmaximalHR on cardiopulmonary exercise test minus
resting HR. After 6 sessions, the duration of the exercise was
increased to 30-35 minutes and intensity was increased to
restingHR plus 70% of HRR. Patients then began home-based
exercise after completing 18 supervised sessions and were to
fully transition to home exercise after 36 supervised sessions.
The target training regimen for home exercise was 5 times per
week for 40 minutes at a HR of 60%-70% of HRR þ resting
HR. Subjects in the usual care group were not provided with an
exercise prescription. All patients received self-management
educational materials, in the form of a booklet at the time of
enrollment including a recommendation of activity durations of
30 minutes of moderate intensity activity on most days of the
week. Cardiopulmonary exercise testing and/or a 6-minute
walk test were performed up to 36months after randomization.

The HF-ACTION trial demonstrated no significant reduc-
tion in the primary end point of combined all-cause mortality or
hospitalization (hazard ratio, 0.93; 95% confidence interval
[CI], 0.84-1.02; P ¼ 0.13) or for cardiovascular mortality or
hospitalization (hazard ratio, 0.92; 95% CI, 0.83-1.03; P ¼
0.14), and cardiovascular mortality or HF hospitalization (haz-
ard ratio, 0.87; 95% CI, 0.75-1.00; P ¼ 0.06).11 Importantly,
exercise trainingwas found to be safe, with nodifference inmajor
adverse events. However, in prespecified analyses, after adjusting
for 5 highly prognostic baseline variables (duration of the car-
diopulmonary exercise test, LVEF, Beck Depression Inventory
II score, history of atrial fibrillation or flutter, and HF etiology),
exercise training was found to reduce the incidence of all-cause
mortality or all-cause hospitalization (the primary end point)
by 11% (hazard ratio, 0.89; 95% CI, 0.81-0.99; P ¼ 0.03).
Moreover, exercise training conferred modest and statistically
significant improvements in self-reported health status
compared with usual care without training. Improvements
occurred early and persisted over time.14

The findings from the HF-ACTION trial are consistent
with a recent Cochrane systematic review of 19 RCTs (3647
patients) with HF and systolic dysfunction, including partic-
ipants in HF-ACTION.15 Although the rate of all-cause
hospitalization was not reduced, exercise training was associ-
ated with a 28% reduction in HF-related hospitalizations and
improvement in health-related quality of life.

Adherence to exercise

Regular assessment and ongoing re-enforcement for adher-
ence are required, because the beneficial effects of cardiac reha-
bilitation are rapidly lost if regular training is notmaintained, and
is amajor limitation in research and clinical implementation.12,16

During thefirst 3months of follow-up in theHF-ACTION trial,
median exercise time in the exercise training arm was 76minutes
per week (goal, 90minutes per week).9 The time increased to 95
minutes perweek at 4-6months after enrollment, decreased to 74
minutes per week at 10-12months (training goal of 120minutes
perweek), and to 50minutes per week by the third year of follow-
up. At every time point, only 30% of patients in the exercise
training group exercised at or above the target weekly exercise
time. As in other interventions, long-term adherence to an ex-
ercise program is challenging for patients with HF.

Safety of exercise

Cardiac rehabilitation for patients with HF has generally
emphasized supervised and centre-based programs. Patients are
often unsure about beginning an exercise program alone in an
unsupervised setting; supervised programs provide reassurance
and increase confidence for patients with HF and highlight that
exercise is not dangerous. It is acknowledged, however, that long-
term cost-effectiveness of supervised cardiac rehabilitation in HF
is uncertain. Furthermore, the benefits of cardiac rehabilitation in
this population are rapidly lostwhen exercise training is stopped.16

Practical tip. Frequent reinforcement, including letters,
phone calls, and home visits, might enhance adherence to
exercise.

Identifying and addressing patient-specific barriers might
aid in the uptake of exercise for patients.

When a home-based program is initiated, more frequent
follow-up visits and occasional supervised “refresher” sessions
to answer questions, review concerns, or modify the training
program might give patients the guidance needed to ensure
that home-based cardiac rehabilitation is successful.

Cardiac rehabilitation programs for patients with
recently decompensated or advanced HF



consultation with an experienced HF team (Strong
Recommendation, Low-Quality Evidence).

Values and preferences. This recommendation places
high value on initiating mobilization and therapy early
(even if only limited exercises are prescribed) to prevent
further decline of muscle function, improve function
during day-to-day activities, and provide a baseline from
which to add further exercise modalities.

RECOMMENDATION

1. We recommend moderate-intensity continuous aerobic
exercise training (eg, brisk walking, jogging, and
cycling) at rate of Borg Rating Perceived Exertion
(RPE) scale 3-5, 65%-85% maximum HR, or 50%-
75% of peak VO2 in patients with HF (Strong
Recommendation, Moderate-Quality Evidence).

252 Canadian Journal of Cardiology
Volume 30 2014
There is limited evidence on the effectiveness of exercise in
patients with severe HF symptoms.17,18 Motivated and care-
fully selected patients with recent decompensated HF or with
NYHA class IV might be eligible to participate in training
programs, under supervision of a team with experience and
expertise. Considering that the ultimate goal of cardiac reha-
bilitation is to encourage patients to become and remain active
over the long-term, transition to a home-based program is a safe,
viable, and essential modality toward ensuring this goal.9,17

Practical tip. Selected patients might benefit from limited
exercise therapy, such as lower extremity or inspiratory muscle
strengthening, directed toward alleviating symptoms of mus-
cle fatigue.

Cardiac rehabilitation in HF with preserved ejection
fraction

The role of cardiac rehabilitation has not been established in
patients with HF and preserved LVEF. Data to date appear to
indicate that exercise training improves peak oxygen uptake
(VO2) but has no effect on endothelial function and arterial
stiffness.19,20 A recent systematic review21 that included 3
RCTs, 1 nonrandomized trial, and 1 pre-post study (total, 228
individuals) suggested benefits with respect to improving ex-
ercise capacity (between-group mean difference, 3.0 mL/kg/
min; 95% CI, 2.4-2.6) and quality of life. The duration of ex-
ercise programs and follow-up ranged from 12 to 24 weeks.
Considering the multiplicity of comorbid conditions present in
this patient population,22-24 exercise programs using an
approach similar to that for patients with HF and low LVEF
might be considered.

Practical tip. Until data specific for patients with HF and
preserved ejection fraction are available, exercise programs
using an approach similar to that for patients with impaired
systolic function might be considered in patients with HF and
preserved ejection fraction.

Cardiac rehabilitation in patients with cardiac
resynchronization therapy and implantable cardioverter
defibrillators

In a recent systematic review, 9 studies were identified (1889
patients) using the terms “exercise training,” “implantable car-
dioverter defibrillator (ICD),” and “cardiac rehabilitation.”25

During exercise training over an average of 9.6 weeks of cardiac
rehabilitation, 10 ICD therapies including 7 shocks were re-
ported in the 834 patients. Between exercise sessions and during
follow-up, 182 eventswere recorded including 166 shocks.Three
studies (2 RCTs) showed that patients in the control group
(sedentary patients) were more prone to ICD discharge than
patients who underwent cardiac rehabilitation. In all studies, the
patients with an ICD improved their aerobic fitness.

Programming of cardiac resynchronization therapy (CRT)
devices might need to be re-evaluated after the pretraining
exercise test. Tracking rate, rate response, and loss of biven-
tricular capture during exercise testing should be noted and
programming adapted when necessary before starting cardiac
rehabilitation.26 The maximal target HR should be set at least
20 beats per minute less than the ICD intervention HR to
avoid inappropriate ICD shocks.26,27

Practical tip. Exercise training is safe and not associated with
an increased risk of ICD therapy. The maximal target HR
should be at least 20 beats less than the ICD intervention HR
to avoid inappropriate ICD shocks.

Exercise in frail seniors with HF

HF affects primarily older persons frequently accompanied
by functional decline and frailty.28 As a result, seniors with
HF are less likely to receive recommended therapies, including
cardiac rehabilitation.29 Reasons for the lower rates of cardiac
rehabilitation among older persons include a lack of encour-
agement from physicians and uncertainty about the safety,
tolerability, and effectiveness of exercise programs.30 Propor-
tionally fewer seniors were enrolled in RCTs of cardiac
rehabilitation, in which median ages ranged from 43 to 72
years,15 and the median age of participants in HF-ACTION
was 59 years.11 A recent systematic review identified 47
RCTs of exercise interventions in frail seniors with a mean age
ranging from 71 to 90 years.31 Evidence from this review
underlines the safety of multicomponent (endurance, resis-
tance, and balance) exercise and its efficacy in improving
quality of life and functional outcomes in such patients.

The Hospitalized Elder Life Program is a multifaceted
intervention designed to prevent delirium and functional
decline in at-risk hospitalized seniors, including those with
HF.32 In addition to protocols to promote sleep, cognitive
stimulation, proper vision and hearing, and adequate hydra-
tion and nutrition, it also includes early mobilization and bed-
mobility exercise in nonambulatory patients. The intervention
reduces the incidence of delirium and functional decline, and
is also cost-effective.33,34

Practical tip. Frail seniors with HF should be offered
multicomponent (endurance, resistance, balance) tailored ex-
ercise programs appropriate for their comorbidities.

Exercise prescription and exercise modalities in HF



Values and preferences. This recommendation places a
high value on using commonly available measurements to
assist in developing the exercise prescription. The priority
is safety, hence, if a patient has a history of ICD dis-
charges, exercise should be avoided if a short loss of
consciousness is dangerous (ie, during swimming and
activities associated with an increased risk of falling).

Moe et al. 253
2013 CCS Heart Failure Management Guidelines
Strength training

Aerobic training remains the mainstay of exercise training
in patients with HF considering the evidence showing the
health benefits of this approach. However, strength/resistance
training might be a useful adjunct to aerobic training,
particularly for individuals with decreased skeletal muscle mass
and wasting. Resistance training can improve daily function,
quality of life, skeletal muscle mass and strength, has anti-
inflammatory effects, and improves insulin resistance.35-37

Nordic walking adds a small element of resistance training
to an aerobic training activity and has recently been shown in
standard cardiac rehabilitation care to improve functional
capacity in patients with moderate to severe HF.38

The use of light (5-10 pounds) free weights during short
training sessions (10-20 repetitions) approximately 2 to 3
times per week (Table 1) can be considered to improve muscle
tone and strength of small muscle groups. In patients with
greater exercise capacity, a variety of resistance exercises should
ideally be prescribed to cover most of the muscular groups.
The resistance exercise program should be selected and
initially supervised by an experienced exercise therapist.

Practical tip. For strength training, the use of light (5-10
pounds) free weights for 10-20 repetitions 2 to 3 times per
week might improve muscle tone and strength.
RECOMMENDATION

1. We recommend that noninvasive imaging for patients
with HF be considered to determine the presence or
absence of coronary artery disease (CAD) (Strong
Recommendation, Moderate-Quality Evidence).

Values and preferences. This recommendation places
value on identification of CAD, which might identify the
cause of HF, have prognostic implications, and require
treatments aimed toward secondary vascular prevention.

2. We recommend that coronary angiography be:
i. Performed in patients with HF with ischemic
symptoms and who are likely to be good candidates
Aerobic training: continuous and interval training

The following common modes of aerobic activities are to
be carried out at moderate intensity: walking, jogging, cycling,
or swimming (Table 1). In addition to traditional moderate-
intensity continuous exercise training, aerobic interval
training has also been proposed as a training modality for
stable HF patients.39-44 Patients with HF often perform their
activities of daily living in “spurts” or intervals; interval
training might be more physiologically appropriate for sub-
jects with HF. Using this training modality, subjects exercise
at fixed intervals lasting seconds to minutes, which are inter-
spersed with recovery or rest intervals of similar duration.
Interval training was recently shown to be superior to
continuous aerobic training for improving the percentage of
symptom-limited aerobic capacity (peak VO2), endothelial
function, and reversing LV remodelling among elderly sub-
jects with ischemic cardiomyopathy.44 Short (15-30 seconds)
exercise/rest intervals are better tolerated than longer (60-90
seconds) intervals among patients with cardiovascular disease
and HF, while still maintaining a high mean VO2.

39,42

Furthermore, interval training with short exercise/rest in-
tervals is better tolerated than continuous training and allows
patients to exercise for longer periods with a decreased
sensation of breathlessness.45 Interval training might also
improve adherence to cardiac rehabilitation considering that it
is better tolerated and less monotonous that continuous aer-
obic training.46 A recent comparison of intermittent and
continuous exercise has demonstrated higher exercise adher-
ence in those randomized to intermittent exercise.47

Interval training should be considered and initiated in a
supervised setting and considered for all stable HF patients who
are already undergoing moderate-intensity continuous aerobic
training. Interval training sessions should use short (15-30
seconds) exercise intervals (RPE, 3-5) with rest intervals of equal
duration and might last for 15-30 minutes. Interval training is
best performed on an ergocycle but might be adapted to other
activities including brisk walking and aquatic exercises.

Practical tip. Interval training sessions should use 15- to
30-second exercise intervals (RPE, 3-5) with rest intervals of
equal duration and might last 15-30 minutes.

Aerobic exercise training intensity

The exercise intensity to be maintained during exercise
should ideally be prescribed on the basis of a cardiopulmonary
exercise test results (ie, 50%-75% of peak VO2). Training
intensity can also be expressed as resting HR þ percentage of
maximal HR (%HRmax) recorded during a stress test. Alter-
natively, exercise intensity can be expressed relative to a per-
centage of a person’s HRR using Karvonen’s formula:

HRR ¼ age predicted HRmaximum � resting HR;

Training HR ¼ HRR � 70%þ resting HR:45,46

Exercise intensity can be easily monitored using the RPE
scale (between 3 and 5). In summary, percentage of peak
VO2, %HRmax, percentage of HRR or the Borg/RPE scale
might be used for exercise prescription.

Practical tip. The RPE scale and %HRmax are easier to use in
practice than equations based on HRR or measurement of
peak VO2.

For patients with ICD, the devices can be programmed
with sinus tachycardia discriminators turned on and patients
should be encouraged to monitor HR with a portable device.
Surgical Coronary Revascularizatioin in HF



Table 1. Exercise modalities according to clinical scenario

Flexibility exercises

Discharged with heart failure NYHA I-III NYHA IV

Recommended Recommended Recommended

Aerobic exercises
� Suggested modality � Selected population only

� Supervision by an expert team
needed (see text)

� Walk
� Treadmill
� Ergocycle
� Swimming

� Selected population only
� Supervision by an expert team

needed (see text)

� Intensity Continuous training:
Moderate intensity:

� RPE scale 3-5, or
� 65%-85% HRmax, or
� 50%-75% peak VO2

Moderate intensity aerobic in-
terval might be incorporated in
selected patients

� Intervals of 15-30 minutes with
an RPE scale of 3-5

� Rest intervals of 15-30 minutes
� Frequency � Starting with 2-3 days per week

� Goal: 5 days per week
� Duration � Starting with 10-15 minutes

� Goal: 30 minutes
Isometric/resistance exercises
� Intensity
� Frequency

10-20 repetitions of 5- to 10-pound
free weights

2-3 days per week

HRmax, maximal heart rate; NYHA, New York Heart Association; RPE, rating perceived exertion; VO2, peak oxygen uptake.

for revascularization (Strong Recommendation,
Moderate-Quality Evidence).

ii. Considered in patients with systolic HF, LVEF
< 35%, at risk of CAD, irrespective of angina, who
might be good candidates for revascularization
(Strong Recommendation, Low-Quality Evidence).

iii. Considered in patients with systolic HF and in
whom noninvasive coronary perfusion testing yields
features consistent with high risk (Strong Recom-
mendation, Moderate-Quality Evidence).

Values and preferences. These recommendations place
value on the need for coronary angiography to identify
CAD amenable to revascularization. Available evidence
suggests that coronary revascularization might provide
quality of life and prognostic benefits to patients with HF
and noninvasive imaging delineating high risk. In
particular, patients with systolic HF because of ischemic
heart disease might derive clinical benefit from coronary
revascularization even in the absence of angina or
reversible ischemia.
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Nearly 60% of patients with chronic HF suffer from CAD,
and approximately 15% of acute decompensated HF cases
occur in the setting of an acute coronary syndrome
(ACS).48,49 Despite the coexistence of CAD and HF, few
clinical trials have been performed that can inform optimal
care for patients with these conditions. Several areas exist in
which high grade evidence is lacking, such as coronary
revascularization in the setting of HF with preserved ejection
fraction. Although ample evidence exists to support percuta-
neous coronary intervention (PCI) in patients with HF due to
ACS,50 there is limited evidence to support its use in the
setting of chronic HF to reduce adverse clinical outcomes.51
Diagnosis of CAD in patients with HF

The approach to the assessment of CAD in patients withHF
is illustrated in Figure 1. Identification of the etiology of HF has
significant therapeutic and prognostic implications. CAD is
present in more than 60% of patients with HF and the absence
of a history of myocardial infarction or angina is insufficient to
rule out CAD as the etiology for HF.52,53 Presence of CAD is
associated with a poor prognosis and has implications regarding
revascularization or device therapy. An important distinction
must be made between the presence of CAD, which might
coexist withHFbut not be the primary etiology of the syndrome
of HF and ischemic cardiomyopathy, when the principal eti-
ology for HF is CAD. Although CAD might contribute as a
comorbid factor in HF, it is largely treated for symptoms and
prevention only, whereas ischemic cardiomyopathy is a distinct
condition defined by the combination of LV systolic dysfunc-
tion due to multivessel CAD or clear evidence of a previous
ischemic insult to a large portion of the myocardium and its
subsequent remodelling.53 Surgical revascularization for
ischemic cardiomyopathy might have prognostic and symp-
tomatic effects.54 As such, it is important to determine the
presence and effect of CAD for all patients with HF.

Three types of ischemic abnormalities portend differential
responses to medical therapy (such as b-blockade) and re-
vascularization.52 These include: (1) reversible ischemic myocar-
dium; (2) hibernating, or viable myocardium, a state in which
segments of the myocardium exhibit abnormalities of contractile
function55; and (3) nonviablemyocardium. In theory, these types
ofmyocardium behave differently. Ischemicmyocardium is likely
to improve function after revascularization (> 80% likelihood),
and hibernating and viable myocardium states are less likely
(40%-50% likelihood) to improve measured according to
segmental wall motion.56-59 A body of evidence supports the
concept that patients with reversible segments experience the best



Figure 1. Approach to assessment for coronary artery disease in patients with heart failure. All patients with heart failure are expected to undergo
noninvasive measurement of systolic function (not included in this algorithm). *Some centres might additionally perform noninvasive imaging,
especially when coronary anatomy is not optimal. yIf imaging indicates features of high risk, progression to coronary angiography is expected.
zNoninvasive imaging might be performed in certain centres for risk stratification or diagnosis. PCI, percutaneous coronary intervention.
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clinical and functional outcomes after surgical revascularization,
followed by those with hibernating/viable segments.59-61 As such,
the presence of reversible or viable myocardium might affect the
decision to proceed to a revascularization procedure, but will not
be the sole determining factor.62

Imaging for reversible ischemia as a guide to the
presence of CAD

Although noninvasive imaging is increasingly used to
determine the presence of CAD, coronary angiography is still
the gold standard for diagnosis. It has been shown to lead to
an etiological reclassification in HF in up to 25% of cases.48,63

Several noninvasive tests might allude to the presence or
absence of CAD. These include exercise or pharmacologic
stress perfusion imaging using cardiac magnetic imaging
(CMR), nuclear imaging, positron emission tomography
(PET), or echocardiography. The diagnostic accuracy for
presence of CAD has been reported from 70% to 90% using
nuclear stress imaging.58,62,64 Sensitivity is typically very high
(> 90%) and specificity might be as low as 60%, with PET
demonstrating the higher sensitivity and stress echocardiog-
raphy the highest specificity.59-62 Stress CMR is an emerging
modality that might be used as a screening test to define the
need for coronary angiography. However, it is most
commonly used for determination of the functional implica-
tions of known CAD. Patterns of delayed gadolinium
enhancement are usually able to differentiate between
ischemic and nonischemic cardiomyopathy.65 Coronary
computed tomography and calcium scoring might accurately
identify the presence of CAD, but at present do not provide
clinically useful functional data and are of uncertain value.

Imaging for hibernating myocardium

Hibernating myocardium is underperfused, hypocon-
tractile, but viable tissue that has the potential for functional
recovery with restoration of normal blood flow.61,66 Therefore,
hibernating myocardium can only be defined with certainty
after revascularization. Multiple imaging modalities are used to
identify the presence of hibernating myocardium and are
grouped into 3 categories. First, nuclear imaging studies test
metabolic and cellular integrity and PET scanning is considered
to be the gold standard. The PET and Recovery Following
Revascularization-2 trial investigators reported improved out-
comes after revascularization in patients with> 7%hibernating
myocardium.67 Second, CMRmight define scarred and fibrotic
myocardium with limited potential for recovery. Kim et al. re-
ported a> 75% potential for functional recovery in the absence
of scar, and < 2% recovery in segments with more than 75%
scar thickness.64 Finally, dobutamine stress echocardiography
(DSE) might be used to measure contractile reserve. The
Viability Identification With Dobutamine Administration
(VIDA) study investigators reported lower mortality in patients
with viable myocardium treated with revascularization
compared with those treated medically using DSE.68 CE-
MARC (ClinicalEvaluation ofMagneticResonance Imaging in
Coronary Heart Disease) is the largest, prospective, real world
evaluation of CMR and has established CMR’s high diagnostic
accuracy in CAD and CMR’s superiority over single-photon
emission computed tomography.69 Comparative studies be-
tween these different imaging modalities report higher sensi-
tivity with PET, and higher specificity with CMR and DSE.

Despite the observational evidence base evaluating these
therapies, few adequately powered randomized studies exist.
TheMedical Imaging Trial Network of Canada (MITNEC) is
studying imaging applications in clinical research and practice
(www.mitnec.org). A Canadian initiative, the IMAGE-HF
Project I-A: Cardiac Imaging in Ischemic Heart Failure
(AIMI-HF) (ClinicalTrials.gov identifier NCT01288560) has
a primary objective to compare the effect of imaging strategies
on the clinical outcomes. Although the myocardial perfusion

http://www.mitnec.org
http://ClinicalTrials.gov
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literature is robust in terms of predicting surgical risk and the
likelihood of experiencing clinical improvement after surgical
revascularization, data from the only randomized trial of
surgery in ischemic cardiomyopathy failed to demonstrate the
utility in identification of patients who would benefit from a
surgical strategy.70

Practical tip. Several noninvasive methods for detection of
CAD are in widespread use, including DSE, perfusion CMR,
cardiac PET testing, and nuclear stress imaging. Local factors
(availability, price, expertise, practice patterns) will determine
the optimal strategy for imaging.

Noninvasive imaging modalities might provide critical in-
formation such as the amount and degree of ischemic or hi-
bernating myocardium, and might be used to determine the
likelihood of regional and global improvement in LV systolic
function after revascularization.

Patients with HF and reduced LVEF are more likely to
experience significant improvement in LVEF after successful
coronary revascularization if they demonstrate:

� Reversible ischemia or a large segment of viable
myocardium (> 30% of the left ventricle) in nuclear
stress testing/viability study;

� Reversible ischemia or > 7% hibernating myocardium
on PET scanning;

� Reversible ischemia or > 20% of the left ventricle shown
as viable using DSE;

� < 50% wall thickness scarring shown by late gadolinium
enhancement on CMR imaging.
Disease management, referral, and perioperative care
RECOMMENDATION

1. We recommend that the decision to refer patients with
HF and ischemic heart disease for coronary revascu-
larization should be made on an individual basis and in
consideration of all cardiac and noncardiac factors that
affect procedural candidacy (Strong Recommendation,
Low-Quality Evidence).

2. We recommend that efforts bemade to optimizemedical
status before coronary revascularization, including opti-
mizing intravascular volume medical therapy (Strong
Recommendation, Low-Quality Evidence).

3. We recommend that performance of coronary revas-
cularization procedures in patients with chronic HF
and reduced LVEF be undertaken with a medical-
surgical team approach with experience and expertise
in high-risk interventions (Strong Recommendation,
Low-Quality Evidence).

Values and preferences. This recommendation reflects
the preference that high-risk revascularization is best
preformed in higher volume centres with significant
experience, and known, published outcomes.

RECOMMENDATION

1. We recommend consideration of coronary artery
bypass surgery for patients with chronic ischemic car-
diomyopathy, LVEF < 35%, graftable coronary ar-
teries, and who are otherwise suitable candidates for
surgery, irrespective of the presence of angina and HF
symptoms to improve quality of life, and reduce rates of
Care of the patient with HF is best accomplished using an
interdisciplinary team approach including a primary care
physician, nurse with disease management and HF care skills,
and specialist with experience and expertise in HF care. Se-
lection of revascularization will depend on many factors in
addition to LVEF and coronary anatomy, such as comorbid
conditions (especially frailty and renal dysfunction), access to
rehabilitative services, caregiver support, care preferences, and
goals of care. Patients with HF are subject to between 2 and 5
times increased procedural risks of elective procedures such as
coronary revascularization, whether surgical or percutaneous,
compared with similar patients without HF.2,71,72 The risk is
substantially increased in the settings of nonelective surgery or
in the presence of decompensated HF.72 As such, careful
consideration and control of all concomitant medical condi-
tions including optimization of HF are essential before
revascularization. These strategies are thought to improve a
given patient’s clinical status, functional status, and LV
function thereby reducing perioperative risk and, in some
cases, mitigating the need for concomitant surgical
procedures.

RCTs that examined device therapy, CRT ICD mandated
that all planned revascularization be completed at least 3
months before enrollment into the trial.73-75 If a decision to
refer for revascularization is made, the team accepting care
should include medical and surgical members with expertise
and experience in revascularization of patients with chronic
HF. For patients with advanced HF, this might require
referral to a centre that has an established program and
expertise in management of advanced HF, mechanical circu-
latory support, or cardiac transplantation.6,7 A multidisci-
plinary team should be involved with the care from the
planning and assessment phase before surgery through the
course of hospitalization with a coordinated plan for tran-
sitioning to the chronic care setting.

Many clinicians believe that patients who present with HF
characterized by significant volume retention will benefit from a
period of diuresis which might require adjunctive preoperative
inotropic support. Some clinicians advocate for preoperative
intra-aortic balloon pump support. A recent meta-analysis of
intra-aortic balloon pump support suggested a modest clinical
benefit but potential harm.76 Postoperatively, reinstitution of
standard HF therapies should be undertaken in a measured
manner. In addition, significant volume overload is often pre-
sent immediately after surgical revascularization, necessitating
concomitant diuresis and increased risk of toxicity associated
with medication uptitration.

Practical tip. Assessment for advanced HF therapies, by an
appropriate team, should be performed before the revascu-
larization procedure in any patient with advanced HF.

Surgical revascularization for patients with CAD and HF



cardiovascular death and hospitalization (Strong
Recommendation, Moderate-Quality Evidence).

2. We suggest consideration of PCI for patients with HF
and limiting symptoms of cardiac ischemia, and for
whom coronary artery bypass grafting (CABG) is not
considered appropriate (Conditional Recommendation,
Low-Quality Evidence).

3. We recommend against routine performance of surgi-
cal ventricular restoration for patients with HF un-
dergoing CABG who have akinetic or dyskinetic
segments (Strong Recommendation, Moderate-Quality
Evidence).

Values and preferences. These recommendations are
based on data from RCTs on CABG and surgical ven-
tricular restoration in patients with reduced systolic
function and CAD. The recommendation on PCI is
based on clinical need rather than RCT trial data.
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The approach to the decision of coronary revascularization
in patients with HF is illustrated in Figure 2. CABG surgery is
indicated in adult patients with symptoms of angina, a history
of stable HF in association with LV dysfunction (LVEF
< 35%), graftable coronary arteries, and who have an
otherwise good life expectancy. This recommendation was
based on historical data from earlier landmark clinical trials
comparing medical and surgical therapy, which identified a
survival benefit with CABG in patients with triple vessel CAD
along with ventricular dysfunction.77-80 The Coronary Artery
Surgery Study enrolled 780 patients with stable ischemic heart
disease between 1975 and 1979. Randomization was stratified
initially into 3 groups: patients with angina and LVEF
� 50%; patients with angina and LVEF < 50%; and
asymptomatic patients within 6 months after myocardial
infarction.77 Randomization was further stratified by the
number of diseased vessels for the first 2 groups and by the
number of diseased vessels and ejection fraction in the third
group. Although survival was similar in the medical and sur-
gical groups overall at 10 years (79% vs 82%; P ¼ 0.25),
survival was greater in patients with angina and LVEF < 50%
(59% vs 80%; P ¼ 0.01) and in patients with LVEF < 50%
(61% vs 79% 10-year survival) treated with surgery. This
conclusion was based on only 160 patients with LVEF < 50%
of whom there were few patients with an ejection fraction <
35%. A similar result was seen in the VA Cooperative Study
(N ¼ 686; 595 patients without left main stenosis; 55% of
patients had LV dysfunction [LVEF < 50% or regional
dysfunction of < 25% of the myocardium]).78 At 7 years,
survival was 63% in medically treated patients compared with
74% in CABG-treated patients (P ¼ 0.049). This benefit was
attenuated by 11 years (49% vs 53%; P ¼ 0.25). The other
major trial was conducted by the European Coronary Surgery
Study group, and enrolled 767 male patients with normal LV
function.79 This study identified an overall survival benefit in
patients randomized to CABG (92.4% vs 83.1%; P ¼ 0.0001
at 5 years; 70.6% vs 66.7% at 12 years; P ¼ 0.04). In a
systematic review and meta-analysis, relative survival advan-
tage was similar in patients with normal or reduced LV
function (odds ratio, 0.61 vs 0.59), although the absolute
survival advantage was greater in patients with decreased LV
function.80 An important limitation of these earlier studies is
the limited representation of patients with significant LV
dysfunction, limited medical and device therapy, and very few
patients had symptomatic HF and the results might not be
applicable to the contemporary HF population.

More recent studies have included PCI and surgical
revascularization together to assess the potential benefit of
revascularization compared with medical therapy. A meta-
analysis of observational studies (3088 patients, average
LVEF of 32%) to determine the importance of either early or
late perfusion viability, shown using thallium imaging, PET,
or DSE testing before revascularization.62 In patients with
viability, annual mortality was 3.2% in the revascularized
patients compared with 16.3% in medically treated patients
(P < 0.0001). In patients without viability, revascularization
was associated with similar annual mortality (7.7%) compared
with medically treated patients (6.2%). In an observational
study from Canada,81 4228 patients with a history of HF were
treated medically (n ¼ 1690) or with PCI or surgical revas-
cularization (n ¼ 2538). Only 23% of patients had a normal
LVEF and 25% had a LVEF < 35%. Revascularization using
PCI or surgery was associated with a 48% lower mortality in
adjusted analyses. Surgery and PCI provided a similar asso-
ciation of a lower mortality in unadjusted analyses.

A major concern regarding surgical revascularization in
patients with LV dysfunction is a greater rate of operative
mortality. A meta-analysis of 26 observational studies (3621
patients) with a preoperative LVEF < 35% showed an
operative mortality of 5.4%.82 The 2 risk calculators for
surgical mortality have been recently updated: Euroscore II
(http://www.euroscore.org/calc.html) and the STS score
(http://riskcalc.sts.org/STSWebRiskCalc273/de.aspx). In
summary, a 70-year-old man with preserved renal function,
history of hypertension, mild chronic lung disease, remote
myocardial infarction, and NYHA III symptoms undergoing
elective, isolated CABG, the estimated risk of death is 0.83%
with LVEF of 50% and 1.28% with an LVEF of 25%, ac-
cording to the STS risk calculator, and 1.07% and 2.37%,
respectively, using the Euroscore II risk calculator.

It is unclear whether off-pump surgery is associated with
lower operative mortality than traditional on-pump CABG for
patients with HF. A Cochrane review of 86 RCTs (10,716
participants) compared on- and off-pump CABG.83 Overall,
off-pump surgery was associated with a greater risk for 30-day
mortality (3.7% vs 3.4%; relative risk, 1.24; 95% CI, 1.01-
1.53; P ¼ 0.04). The applicability of this review to patients
with HF and impaired systolic function is unclear.

The STICH trial

The Surgical Treatment of Ischemic Heart Failure
(STICH) trial sought to address 2 hypotheses: (1) does CABG
improve survival in addition to optimal medical therapy for
patients with HF and CAD (LVEF < 35%) who are
acceptable candidates for cardiac surgery; and (2) does the
addition of surgical ventricular reconstruction (SVR) of an
akinetic/dyskinetic anterior wall provide better outcomes than
isolated CABG for eligible individuals.84 This study evaluated
patients with ischemic cardiomyopathy with or without HF
symptoms and randomized them into 3 groups, namely,

http://www.euroscore.org/calc.html
http://riskcalc.sts.org/STSWebRiskCalc273/de.aspx


Figure 2. Decision regarding coronary revascularization in heart failure. It is recommended that surgical consultation be performed very early in this
process. *Coronary anatomy suitable for CABG includes multivessel disease > 70% stenosis, left main stem stenosis > 50%, or diabetes with left
anterior descending artery stenosis > 70%. yIn selected cases in which there is noninvasive imaging evidence of extensive cardiac ischemia, PCI
might be considered. AVR, aortic valve replacement; CABG, coronary artery bypass grafting; IC, intracoronary; LVEF, left ventricular ejection fraction;
PCI, percutaneous coronary intervention.
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optimal medial therapy and CABG alone, CABG plus the
SVR procedure, or neither procedure.

For the first hypothesis, 1212 patients were randomized to
medical therapy alone or in combination with CABG, of
whom 64% showed evidence of inducible ischemia on
noninvasive testing.85 At a median follow-up of 56 months,
17% of patients allocated to medical therapy crossed over to
the surgical arm, and 91% of the surgically allocated group
actually underwent CABG within 1 year. For the primary
outcome, 41% of those allocated to medical therapy died,
compared with 36% in the CABG arm (hazard ratio, 0.86;
95% CI, 0.72-1.04; P ¼ 0.12). The secondary end point of
death from any cause or hospitalization for cardiovascular
causes occurred in 411 patients (68%) in the medical therapy
group and 351 (58%) in the CABG group (hazard ratio, 0.74;
95% CI, 0.64-0.85; P < 0.001). Thus, for every 10 patients
who underwent CABG in this study, 1 subsequent death or
hospitalization was prevented over the course of 4.5 years.
When analyzed on a “per protocol” basis whereby patients in
the medical arm who received surgery within a year of
randomization were grouped with patients randomized to
surgery, the hazard ratio for the primary end point of all-cause
mortality in the surgical arm was 0.76 (P < 0.001).86

For the second hypothesis, 1000 patients who were eligible
for SVR in addition to CABG were randomly allocated to
receive CABG alone or in combination with SVR surgery.
This group (mean age, 62 years; median LVEF 28%; end
systolic volume index of 82 mL/m2) experienced only a 5%
30-day mortality with a 17-mL/m2 reduction in LV volume.
Despite the excellent technical surgical result, there was no
reduction in mortality or the composite end point of mortality
plus repeat hospitalization. Subgroup analyses failed to iden-
tify any particular group that might benefit from SVR.87 One
limitation of the STICH second hypothesis was that many
patients in whom SVR might have derived benefit were not
included in the trial and instead might have received SVR as
primary therapy. Conversely, many patients who underwent
SVR outside of the trial might have been at much lower or
higher risk.

Regardless of how STICH is interpreted, several technical
considerations were incorporated into patient selection. First,
the presence of at least 1 good coronary target with a critical
proximal lesion was required. This did not have to be the left
anterior descending artery and indeed, some patients might
have been subjected to SVR in the presence of viable, but
ischemic inferior and lateral walls. Second, the presence of
mitral insufficiency increased the risk of surgical intervention,
particularly when accompanied by significant pulmonary hy-
pertension and concomitant tricuspid insufficiency.

More recently, there has been increased attention to the
repair of functional mitral regurgitation (MR) in patients with
ischemic heart disease. These patients tend to present with
mild to moderate systolic dysfunction and restricted mitral
leaflets.87 The data on such patients are conflicting in relation
to the increased morbidity and mortality when compared with
their peers without functional MR. A single blind randomized
trial assessed mitral repair in patients with mild to moderate
systolic dysfunction and moderate MR.88 In this study, the
degree of MR was significantly reduced in the group allocated
to CABG plus mitral repair compared with those with CABG
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alone. The primary end point, peak VO2, was significantly
increased by more than 2.0 mL/kg/min. However, no sig-
nificant reduction in clinical events or mortality was noted in
this small trial, and the dominant clinical feature of the study
population was severe MR rather than HF per se. Additional
data are needed before consideration of routine mitral repair
can be recommended. Similarly, discussion of percutaneous
methods for reduction of MR in the HF population is pre-
mature and beyond the scope of this update.

Practical tip. In the setting of HF, angina and single territory
CAD, PCI might be the treatment of first choice. However,
PCI has not been shown to improve outcomes for patients
with chronic stable HF, irrespective of underlying anatomy.

In contrast to the chronic stable patient with HF, urgent
directed culprit vessel angioplasty continues to be the revas-
cularization modality of choice for patients with ACS
complicated by HF.

In highly selected cases, patients with advanced HF
symptoms in association with large areas of dyskinetic and
nonviable myocardium might experience clinical improve-
ment with SVR or similar type procedures, when performed
by experienced surgeons.

Mitral valve repair, when used concomitantly during
CABG, might lead to clinical improvement in symptoms of
HF in highly selected cases.

Device considerations in HF patients after cardiac
surgery
RECOMMENDATION

1. We recommend that after successful cardiac surgery,
patients with HF undergo assessment for implantable
cardiac devices within 3-6 months of optimal treatment
(Strong Recommendation, High-Quality Evidence).

2. We recommend that patients with implantable cardiac
devices in situ should be evaluated for programming
changes before surgery and again after surgery, in
accordance with existing CCS recommendations
(Strong Recommendation, Low-Quality Evidence).

3. We recommend that after successful cardiac surgery, all
patients be referred to a local cardiac rehabilitation
program (Strong Recommendation, High-Quality
Evidence).

Values and preferences. These recommendations reflect
our support of and conformity with pre-existing cardiac
device and rehabilitation guidelines statements.
The rationale and evidence supporting the use of devices,
ICD and CRT, in patients with HF and reduced ejection
fraction have been addressed in detail in previous HF and
CRT guideline updates.7,73

Although no studies to date have directly assessed the
optimal timing of ICD implantation in the setting of ischemic
cardiomyopathy, evidence from primary prevention trials
suggests that ICDs do not confer an overall mortality benefit
when implanted during, or immediately after, an acute event
or revascularization.89 The CABG Patch trial was designed to
assess whether an ICD is associated with additional survival
benefit in patients at high risk for sudden cardiac death.90

This study enrolled more than 1000 patients with LVEF
� 35% and abnormal signal averaged electrocardiographs
undergoing elective CABG surgery. Patients were randomized
to ICD implantation at the time of CABG surgery or to
CABG alone; after a mean follow-up of 32 months, the overall
mortality rate between groups was similar, and no survival
advantage was seen in the ICD group. These findings were
essentially mirrored in other studies of ICD after acute
myocardial infarction and reinforce the role of ICD therapy to
be one for chronic LV dysfunction.89,91,92 Most clinical trials
that have shown a survival benefit of ICDs in ischemic car-
diomyopathy have included patients more than 1 month after
infarct, irrespective of revascularization status,74,93 or have
included very high-risk patients with previous history of
sudden cardiac death.94

After revascularization, the risk of sudden cardiac death
continues to increase over time,95 while systolic function
might not improve substantially,96 posing a challenge in
defining the optimal timing for ICD therapy. In the STICH
trial,87 fewer than 20% of patients underwent device im-
plantation over the course of the study, and the interaction
between revascularization, timing of implantation, and sur-
vival is therefore difficult to assess from the available data. It is
reasonable to consider referring patients with a low LVEF to
physicians experienced with the management of HF for
medical optimization and appropriate referral for device
therapy.

Similarly, the optimal timing for CRT implantation in
suitable candidates with ischemic cardiomyopathy has not
been well defined. Key clinical trials demonstrating a mortality
benefit with CRT excluded patients with a recent (1-6
months) myocardial infarction or revascularization proce-
dure.75,97,98 However, data from observational studies provide
a rationale for considering epicardial LV lead placement at the
time of CABG surgery in patients who might otherwise have
an indication for CRT. Transvenous LV lead delivery via the
coronary sinus is technically not feasible in approximately
10% of cases99; surgical lead placement can overcome
anatomical limitations imposed by the coronary sinus, with
acceptable long-term lead performance and rates of clinical
response similar to conventional transvenous implantation.100

Additionally, surgical revascularization might not have any
effect on dyssynchrony, which is associated with a worse
prognosis.101 Data from 1 randomized trial102 suggest that
CRT using an epicardial lead implanted concomitantly with
CABG is associated with improved systolic function and
survival compared with CABG alone in patients with poor
systolic function and evidence of preoperative device candi-
dacy. Therefore, epicardial LV lead placement might be
considered in selected patients undergoing surgical revascu-
larization for ischemic cardiomyopathy who are likely to
remain candidates for CRT after surgery.

Perioperative management of existing devices remains an
important component of care. In keeping with existing
guidelines, which state device deactivation is necessary before
any procedure in which electrocautery, or potential for elec-
trical interference with the device might occur.103 Post-
operatively, re-establishment of appropriate device threshold
determination and programming are recommended. The
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Canadian Association of Cardiac Rehabilitation and CCS
joint position statement includes routine cardiac rehabilitation
for patients with HF who successfully complete CABG
surgery.104

Practical tip. During surgical revascularization, consideration
can be given to implantation of epicardial LV leads to facilitate
biventricular pacing in eligible patients who might be candi-
dates for CRT, especially if the coronary sinus anatomy is
known to be unfavourable for lead placement.

Patients with HF and who have successful surgical coro-
nary revascularization can be referred to a cardiac rehabilita-
tion program.
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