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ABSTRACT

The 2012 Canadian Cardiovascular Society Heart Failure (HF) Guide-
lines Update provides management recommendations for acute and
chronic HF. In 2006, the Canadian Cardiovascular Society HF Guide-
lines committee first published an overview of HF management. Since
then, significant additions to and changes in many of these recom-
mendations have become apparent. With this in mind and in response
to stakeholder feedback, the Guidelines Committee in 2012 has up-
dated the overview of both acute and chronic heart failure diagnosis
and management. The 2012 Update also includes recommendations,
values and preferences, and practical tips to assist the medical prac-
titioner manage their patients with HF.

The Canadian Cardiovascular Society (CCS) has published heart
failure (HF) guidelines since 2006 and implemented the National
HF Workshop Initiative; a series of workshops initiated to discuss
Guideline implementation and identify challenges facing health
care providers in HF management. The annual updates have pro-
duced a series of evidence-based reports with recommendations
and practical tips outlining HF management.

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

The 2012 CCS HF Consensus Update objectives are to
provide an overall review of HF management and recommen-
dations. The Guidelines deal with the areas of (1) acute HF
(AHF) and (2) chronic stable HF.

The recommendations follow the Grading of Recomm-
endations Assessment, Development, and Evaluation
(GRADE)." 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 recommenda-
tions: “Strong” (desirable effects clearly outweigh undesirable ef-
fects or clearly do not) and “Weak.” When trade-offs are less cer-
tain, either because of low-quality evidence or because evidence
suggests desirable and undesirable effects are closely balanced,
weak recommendations become mandatory. Also new this year is
the inclusion of values and preferences” that complement the
GRADE system of recommendations.

Acute Heart Failure
Diagnosis, evaluations, and investigation

The diagnosis of AHF is based on a constellation of
symptoms (eg, orthopnea and shortness of breath on exer-
tion) and signs (eg, edema and respirarory crackles).”” Phys-
ical examination evaluates systemic perfusion and presence
of congestion (cold or warm, wet or dry; Supplemental Fig-
ure S1).>° Laboratory testing, electrocardiogram (ECG),
chest x-ray, and echocardiogram are all important to ob-
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RESUME

La mise a jour 2012 des Linges directrices sur I'insuffisance cardiaque
(IC) de la Société canadienne de cardiologie fournit des recommanda-
tions sur la prise en charge de I'lC aigué et de I'lIC chronique. En 2006,
le comité des lignes directrices sur I'lIC de la Société canadienne de
cardiologie a publié pour la premiére fois un apercu de la prise en
charge de I'IC. Depuis lors, des ajouts et des changements importants
a plusieurs de ces recommandations sont devenus nécessaires. A cet
égard et en réponse aux commentaires des parties prenantes, le co-
mité des lignes directrices a mis a jour en 2012 I'apercu du diagnostic
et de la prise en charge de I'lIC aigué et I'lC chronique. La mise a jour
2012 inclut également des recommandations, des valeurs et des pré-
férences, ainsi que des conseils pratiques pour aider le praticien a
prendre en charge ses patients ayant une IC.

tain.” A slight mild elevation of cardiac troponin is not
infrequently observed in acute decompensation and not
necessarily indicative of myocardial infarction (MI).” The
utility of natriuretic peptide (NP) to exclude (“rule out”) or
confirm (“rule in”) the diagnosis in the appropriate clinical
scenario is well established.”®'® NPs are best used when the
diagnosis is uncertain; their clinical utility and relevant cut
points have been well established.” Several clinical scoring
systems have been derived and validated and combine com-
monly used clinical features with NP values to improve di-
agnosis and decision-making.'""'* The most commonly
used clinical scoring system (Table 1) was developed by
Baggish et al. (Supplemental Table S1)."" Prospective trials
are under way, testing variations of these systems.

RECOMMENDATION

1. We recommend a thorough clinical evaluation of the pa-
tient to assess their clinical hemodynamic profile (Strong
Recommendation, Low-Quality Evidence).

2. We recommend the use of a validated diagnostic scoring
system for patients in whom the diagnosis of AHF is be-
ing considered (Strong Recommendation, Moderate-
Quality Evidence).

3. We recommend that in the clinical scenario when the clin-
ical diagnosis of AHF is of intermediate pretest probability,
NP level be obtained to rule out (brain NP [BNP] < 100
pg/mL; N-terminal [NT]-proBNP < 300 pg/mL) or rule in
(BNP > 500 pg/mL; NT-proBNP > 900 pg/mL if age
50-75 years, NT-proBNP > 1800 if age > 75 years) AHF as
the cause for the presenting symptoms suspicious of AHF
(Strong Recommendation, Moderate-Quality Evidence).

Values and preferences. This recommendation places a
relatively high value on evaluating the constellation of clin-
ical findings in a patient with suspected AHF and less value
on an individual physical examination finding, presenting
symptom, or investigation.

Practical tip. A precipitating cause for AHF should be
sought.
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Table 1. A clinical scoring system for diagnosis of AHF

Predictor Possible Your patient’s
score score

Age>75y 1

Orthopnea present 2

Lack of cough 1

Current loop diuretic use 1

(before presentation)

Rales on lung exam 1

Lack of fever 2

Elevated NT-proBNP* 4

Interstitial edema on chest x-ray 2

14 Total =

Likelihood of heart failure Low 0-5
Intermediate 6-8
High 9-14

AHEF, acute heart failure; NT-proBNP, N-terminal pro brain natriuretic
peptide.

*Elevated NT-proBNP was defined as > 450 pg/mL if age < 50 years and
> 900 pg/mL if age > 50 years."'

An ECG and a chest x-ray should be performed within 2
hours of initial presentation.

Initial blood tests should include: complete blood count,
creatinine, blood urea nitrogen, glucose, sodium, potassium,
and troponin.

A transthoracic echocardiogram should be performed
within 72 hours of presentation. For patients with a previous
echocardiogram, another is not required unless there has been
a significant change in clinical status requiring investigation, a
lack of clinical response to appropriate therapy, and/or it is
greater than 12 months since the previous echocardiogram.

Measurement of BNP or NT-proBNP measurements
might be considered even with an already established diagnosis
of HF in order to obtain prognostic information.

Treatment, monitoring, and disposition

Oxygen should be used cautiously in normoxic patients be-
cause of concerns of increasing systemic vascular resistance and
reducing cardiac output.” Bilevel positive airway pressure (BI-
PAP) or continuous positive airway pressure (CPAP) should be
considered for patients with a high respiratory rate (eg, > 25
breaths per minute) and persistent systemic arterial hypoxemia
despite high flow oxygen administration.'* However, routine
use of noninvasive ventilation (NIV) is not advisable. In the
Three Interventions in Cardiogenic Pulmonary Oedema
(3CPO) trial,"” patients with acute pulmonary edema were ran-
domized to standard oxygen therapy, CPAP, or NIV, and fol-
lowed to the primary end point of 7-day mortality. There was no
difference between the 3 arms on 7-day mortality rate and 30-day
mortality rates, intubation rates, or admission to an intensive care
unit. Therefore NIV should be used only in patients with acute
respiratory distress unresponsive to medical therapy. NIV caries
the risk of worsening right HF, hypercapnia, aspiration, and pneu-
mothorax. Endotracheal intubation may be used if less invasive
modes of oxygen delivery fail or if the patient is in cardiogenic
shock. There is a paucity of evidence to support the use of intra-
venous morphine to treat dyspnea, however some data suggest
there might be adverse effects.”>'®

Oral and intravenous diuretics remain the mainstay of early
therapy directed toward AHF (Supplemental Table S2)."” In-
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travenous diuretics increase urine output by excretion of so-
dium and water, leading to a decrease in extracellular fluid
volume, total body water, and sodium. Reduction in cardiac
filling pressures, peripheral congestion, and pulmonary edema
usually follow."® Intravenous loop diuretics also cause an early
decrease in right atrial and pulmonary capillary wedge pressure
through a vasodilatory effect.'” When using high intravenous
doses reflex vasoconstriction might occur. In AHF, by normal-
izing loading conditions, these high doses might reduce neuro-
hormonal activation in the short-term.'” Patients presenting
with AHF and congestion should receive intravenous loop di-
uretics. Therapy may be initiated in the ambulance,” HF
clinic,”" or in-hospital. Combining loop diuretics with thia-
zides®"*? or spironolactone® has been proposed and seems
to be effective, with fewer side effects than a higher dose of
a loop diuretic. In patients with severe edema, oral loop
diuretics might not be adequately absorbed and might be of
little use.” The Diuretic Optimization Strategies Evaluation
(DOSE) trial enrolled 308 patients with AHF and tested 2
intravenous strategies (high vs low dose furosemide; contin-
uous infusion vs bolus intermittent dose) for the primary
end point of global symptom assessment and creatinine at
72 hours.'” There was no significant difference between the
continuous infusion and bolus dosing in either symptoms or
renal function. There was greater early symptom improve-
ment with high compared with low dose diuretics without a
significant difference in renal function. A number of sec-
ondary end points favoured high dose: a greater diuresis,
more weight loss, and lower NT-proBNP level. Thus, there
is no advantage in the routine use of continuous diuretic infu-
sions and a higher dose of diuretics could be considered for
many patients, with careful observation of renal function and
electrolytes.

Vasodilators have not been shown to reduce mortality. In-
travenous isosorbide dinitrate (in conjunction with low dose
furosemide) was tested against low dose nitrates with high dose
diuretics.”* This prehospital trial of 110 patients showed that
the strategy of early and high dose nitroglycerin (compared
with high dose intravenous diuretics) reduced mechanical ven-
tilation rates, and improved oxygen saturation. Another trial
compared nesiritide, nitroglycerin, or placebo added to stan-
dard therapy for 3 hours, followed by nesiritide or nitroglycerin
added to standard treatment for 24 hours in AHF.?” The pri-
mary end points of changes in pulmonary capillary wedge pres-
sure and patient self-evaluation of dyspnea at 3 hours were
improved with nesiritide vs placebo. However, nitroglycerin
improved early, short-term dyspnea assessment compared with
placebo. The Acute Study of Clinical Effectiveness of Nesirit-
ide in Decompensated Heart Failure (ASCEND-HF) trial
tested nesiritide vs placebo in 7007 patients with AHF enrolled
within 24 hours of first intravenous medication.?® Nesiritide
did not reduce mortality, rehospitalization, or the composite of
these end points at 30 days. The use of nitroprusside in AHF
has not been supported by any randomized controlled trial
(RCT). However, observational studies support its use in ad-
vanced HF by clinicians with experience and expertise in man-
aging low-output acute or sub-acute HF.?’

Inotropic agents have not been shown to improve patient
outcomes.”**>" The Outcomes of a Prospective Trial of In-
travenous Milrinone for Exacerbations of Chronic Heart Fail-
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ure (OPTIME-CHEF) trial randomized 951 patients admitted
for exacerbation of HF to a 48-hour infusion of milrinone or
placebo.”” New-onset atrial arrhythmias, worsening HF, and
symptomatic hypotension requiring intervention occurred
more frequently in the milrinone group. A nonsignificant in-
crease in the number of deaths in-hospital and after 60 days was
seen in the milrinone group. A post hoc analysis demonstrated
a higher incidence of death or rehospitalization in patients with
underlying ischemic HF aetiology.”

Angiotensin-converting enzyme (ACE) inhibitors should
not be used early in the management of AHF. Though calcium
channel blockers (CCBs) are also not advised,’ in patients with
HF with preserved ejection fraction (HF-PEF) and atrial fibril-
lation, a rate-limiting CCB may be used to control rapid ven-
tricular rate.” Continuation of B-blocker upon admission for
AHF is safe.”"** Inan RCT of 169 patients with AHF, patients
cither discontinued B-blockade for 3 days or continued the
medication unchanged. The trial showed that continuing the
B-blocker was noninferior for the primary end point of dys-
pnea and well-being and was associated with a higher rate of
B-blocker prescription at 3 months.”?

Venovenous ultrafiltration may be of benefit in relieving
congestion particularly in diuretic-resistant patients.”” How-
ever, a recent study suggests this technology may be no more
effective than pharmacologic therapy in most patients.** Vaso-
pressin receptor antagonists (eg, tolvaptan) can rapidly and
effectively reduce body weight and restore serum sodium in
hyponatremic patients with circulatory congestion,”>*® and
can be used for this purpose but their use has not yet been
associated with mortality benefits.””

The extent of monitoring will depend on the disease
severity and the response to therapy.’ Vital signs should be
measured on a regular basis until stabilization. Laboratory
tests have to be repeated regularly (eg, daily in the first 2-3
days): electrolytes, creatinine, and complete blood count, if
abnormal.” Electrolyte abnormalities should be prevented
or corrected promptly. Significant renal impairment might
require more frequent laboratory testing. Clinical deterio-
ration despite initial therapy requires closer supervision,
such as transfer to an intensive care unit. Patients in cardi-
ogenic shock or those who have difficulty voiding should
have a urinary catheter to monitor urinary output.” The
decision to insert an arterial line depends on the need for
either continuous analysis of blood pressure (BP) because of
hemodynamic instability or the requirement for repeated
arterial blood gas analyses.” The use of a central intravenous
line depends on the need for delivery of fluids and drugs or
for monitoring central venous pressure and oxygen satura-
tion. However, in the critically ill, right atrial pressure does
not correlate well with left-sided filling pressures.”® The
insertion of a pulmonary artery catheter is not usually nec-
essary for making a diagnosis of AHF. It might, however,
be useful to distinguish between cardiogenic and noncardio-
genic shock, to guide therapy in the presence of severe dif-
fuse pulmonary disease, or in hemodynamically unstable
patients who do not respond in a predictable fashion to
therapy.39 Certain clinical features (eg, multiple previous
admissions and respiratory disease) are associated with in-
creased short-term mortality.®"4°
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RECOMMENDATION

1. We recommend supplemental oxygen be considered for
patients who are hypoxemic; titrated to an oxygen satu-
ration > 90% (Strong Recommendation, Moderate-

Quality Evidence).

Values and preferences. This recommendation places rel-
atively higher value on the physiologic studies demonstrat-
ing potential harm with the use of excess oxygen in nor-
moxic patients and less value on long-term clinical usage of
supplemental oxygen without supportive data.

2. We recommend CPAP or BIPAP not be used routinely
(Strong Recommendation, Moderate-Quality Evidence).

Values and preferences. This recommendation places high
weight on RCT data with a demonstrated lack of efficacy
and with safety concerns in routine use. Treatment with
BIPAP/CPAP might be appropriate for patients with per-
sistent hypoxia and pulmonary edema.

3. We recommend intravenous diuretics be given as first-
line therapy for patients with congestion (Strong Recom-
mendation, Moderate-Quality Evidence).

4. We recommend for patients requiring intravenous di-
uretic therapy, furosemide may be dosed intermittently
(eg, twice daily) or as a continuous infusion (Strong Rec-
ommendation, Moderate-Quality Evidence).

5. We recommend the following intravenous vasodila-
tors, titrated to systolic BP (SBP) > 100 mm Hg, for
relief of dyspnea in hemodynamically stable patients
(SBP > 100 mm Hg):

i. Nitroglycerin (Strong Recommendation, Moderate-

Quality Evidence);

ii. Nesiritide (Weak Recommendation, High-Quality
Evidence);

iii. Nitroprusside (Weak Recommendation, Low-Quality
Evidence).

Values and preferences. This recommendation places a
high value on the relief of the symptom of dyspnea and less
value on the lack of efficacy of vasodilators or diuretics to
reduce hospitalization or mortality.

6. We recommend hemodynamically stable patients do not
routinely receive inotropes like dobutamine, dopamine,
or milrinone (Strong Recommendation, High-Quality
Evidence).

Values and preferences. This recommendation for inotropes
place high value on the potential harm demonstrated when
systematically studied in clinical trials and less value on poten-
tial short term hemodynamic effects of inotropes.

7. We recommend continuation of chronic B-blocker ther-
apy with AHF, unless the patient is symptomatic from
hypotension or bradycardia (Strong Recommendation,
Moderate-Quality Evidence).
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Values and preferences. This recommendation places higher
value on the RCT evidence of efficacy and safety to continue
B-blockers, the ability of clinicians to use clinical judgement and
lesser value on observational evidence for patients with AHF.

8. We recommend tolvaptan be considered for patients with
symptomatic or severe hyponatremia (< 130 mmol/L) and
persistent congestion despite standard therapy, to correct hy-
ponatremia and the related symptoms (Weak Recommen-

dation, Moderate-Quality Evidence).

Values and preferences. This recommendation places
higher value on the correction of symptoms and complications
related to hyponatremia and lesser value on the lack of efficacy
of vasopressin antagonists to reduce HF-related hospitaliza-
tions or mortality.

Practical tip. In patients at risk or with a previous history of
CO, retention (eg, chronic obstructive lung disease) permissive
hypoxemia might be necessary and can be evaluated with arte-
rial blood gas measurement.

In situations in which intravenous nitroglycerin is not ap-
propriate or available, repeated sublingual nitroglycerin, a ni-
troglycerin patch, or oral isosorbide dinitrate might be useful
for dyspnea relief in patients with a SBP > 100 mm Hg,.

Intravenous vasoconstrictor agents (eg, phenylephrine, norepi-
nephrine) should generally be avoided for AHF management ex-
cept for patients hypotensive with SBP < 90 mm Hg, associated
signs or symptoms, and significant change from baseline.

In patients with low SBP (< 90 mm Hg), low cardiac out-
put and either euvolemia or hypervolemia, inotropes may be
used for stabilization.

Patients with persistent congestion despite diuretic therapy,
with or without impaired renal function, may, under experienced
supervision, receive continuous venovenous ultrafiltration.

An ACE inhibitor should not be started in the acute setting
(eg, the first 8-12 hours) unless elevated BP is present, and
should be initiated after the acute event (eg, > 24 hours), and
be continued particularly if the patient is already being treated
with chronic ACE inhibitor therapy.

CCBs should be avoided as treatment in the setting of re-
duced ejection fraction (REF) < 40%.

Chronic Heart Failure
Diagnosis, evaluation, and investigation

The diagnosis of HF is made when symptoms and physical
signs of congestion and reduced tissue perfusion are docu-
mented in the setting of abnormal systolic and/or diastolic
cardiac function.”’*> Making a diagnosis of HF can be diffi-
cult because the cardinal triad of edema, fatigue, and dyspnea
are neither sensitive nor specific manifestations and atypical
presentations should be recognized particularly when evaluat-
ing women, obese patients, and the elderly.41’43 A history and
physical examination should be performed in all patients; ini-
tial investigations should confirm or exclude HF and identify
systemic disorders (eg, thyroid dysfunction) that can be etio-
logic or potentially affect disease progression. Measurements of
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NPs are useful when the initial diagnosis or diagnosis of de-
compensation is uncertain.*”** Echocardiography is useful to
assess systolic and diastolic function, cardiac anatomy (eg, vol-
ume, geometry, and left ventricular mass), and pericardial dis-
ease.*"*>%® Radionuclide angiography is useful to assess car-
diac function and volumes where echocardiographic images are
suboptimal (eg, obese patients, patients with emphysema).*’
Coronary angiography should also be considered in patients
who have angina or positive noninvasive tests and might be
potential candidates for revascularization.”” Cardiac magnetic
resonance might be useful in identifying inflammatory and
infiltrative disorders and provide prognostic information.*®
Functional capacity should be assessed and the New York
Heart Association (NYHA) functional classification is a simple,
validated measure of HF clinical severity (Fig. 1).%

RECOMMENDATION

1. We recommend conducting a thorough medical history
and physical examination when making a diagnosis of
HF. Diseases that can cause HF or contribute to its pro-
gression should be screened. These include: family history
of cardiomyopathy or sudden death, alcohol abuse,
hemochromatosis, sarcoidosis, amyloidosis, HIV infection,
neuroendocrinopathies (eg, pheochromocytoma, hypothy-
roidism), rheumatologic diseases (eg, collagen vascular dis-
eases), nutritional deficiencies (eg, thiamine), and sleep ap-
nea (Strong Recommendation, Low-Quality Evidence).

2. We recommend that a 12-lead ECG be performed to
determine heart rhythm, heart rate, QRS duration, and
morphology, and to detect possible actiologies (Strong
Recommendation, Low-Quality Evidence).

3. We recommend, if available, the measurement of NP
(BNP and NT-proBNP) to rule in or rule out a diagnosis
of HF and to obtain prognostic information (Strong Rec-
ommendation, High-Quality Evidence).

4. We recommend that echocardiography be performed in all
patients with suspected HF to assess cardiac structure and
function, to quantify systolic function for planning and
monitoring of treatment, and for prognostic stratification
(Strong Recommendation, Moderate-Quality of Evidence).

5. We recommend coronary angiography be performed in
patients with angina pectoris who are deemed suitable
candidates for coronary revascularization to document
coronary anatomy (Strong Recommendation, Low-Quality
of Evidence).

6. We recommend a validated measure of severity of symp-
toms and physical activity, such as the NYHA classifica-
tion to document functional capacity (Strong Recom-

mendation, High-Quality Evidence).

Values and preferences. These recommendations place
greater value on basic evaluations that are widely available and
less value on more advanced tests (eg, cardiac magnetic reso-
nance) that should be reserved for selected patients.

Heart failure with preserved ejection fraction

Approximately 50% of HF patients seen in clinics have
HF-PEF.**>° HE-PEF is more prevalent in the elderly,
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Clinical history

* Symptoms
Functional limitation
Prior cardiac disease

Negative

Drugs

Suspected heart failure

Risk factors Heart
Exacerbating factors Lung
Comorbidities

l

Physical examination
Vital signs
Weight

Volume status Positive

Abdomen
Vascular

Diagnosis
excluded .

Normal o

Initial investigations

Chest radiograph
Electrocardiogram

B-type natriuretic peptides
Lab work (CBC, electrolytes,
renal function, urinalysis,
glucose, thyroid function)

Abnormal

l
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Normal*
* Echocardiogram
Inconclusive

Pathology
excluded

No heart failure

Assessment of ventricular function

Additional diagnostic investigations

» Radionuclide imaging

» Cardiac catheterization

» Cardiopulmonary exercise testing

» Others (magnetic resonance imaging,
CT scan, endomyocardial biopsy)

Abnormal

Pathology
confirmed

A 4

Heart failure

Figure 1. Algorithm for diagnosis of heart failure. CBC, complete blood count; CT, computed tomography. *Normal ejection fraction does not rule
out heart failure with preserved ejection fraction. Adapted with permission from Arnold et al.*

women, and in patients with a history of hypertension.’® In
practice, HF-PEF is diagnosed when typical clinical HF
findings are accompanied by PEF and the absence of signif-
icant valvular abnormalities.”’ The reported mortality rate
for HF-PEF is less than found for HF with REF (HF-REF),
although it is unacceptably high;so’52 however, the studies
have generally shown that morbidity, especially in HF hos-
pitalizations, is similar to HF-REF.”° There are still very
limited evidence-based outcome-modifying therapies for
HEF-PEF, with most RCTs evaluating ACE inhibitors and
angiotensin receptor blockers (ARBs) showing neutral or
marginal benefits.’>>> The main approach therefore is to
control the risk factors potentially etiologic for the syn-
drome such as hypertension and myocardial ischemia.’® Di-
uretics are typically used to control symptoms of conges-

tion, and B-blockers and rate-lowering CCBs to control
heart rate, if required.”” ACE inhibitors and ARBs may be
used if there are other non-HF indications for their use.’®

RECOMMENDATION

1. We recommend systolic/diastolic hypertension be con-
trolled according to the hypertension guidelines to pre-
vent and treat HF-PEF (Strong Recommendation, High-
Quality Evidence).

2. We recommend diuretics be used to control symptoms
from pulmonary congestion and peripheral edema (Strong
Recommendation, High-Quality Evidence).
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Diuretics to relieve
congestion

ACE inhibitor (if intolerant to

B-blocker

Titrate to target doses or maximum tolerated
evidence-based dose

l

NYHA class Il - IV

l l

Add MRA
(eplerenone/spironolactone);
if intolerant consider ARB

Continue routine
disease management
follow-up

NYHA class Il - IV

Consider digoxin,
hydralazine/nitrates

Figure 2. Pharmacologic management options for symptomatic heart
failure with reduced ejection fraction (= 40%). ARB, angiotensin
receptor blocker; ACE, angiotensin-converting enzyme; MRA, miner-
alocorticoid receptor antagonist; NYHA, New York Heart Association.

Values and preferences. These recommendations place a
high value on the known aetiologic factors for HF-PEF and
less on known outcome-modifying treatments which, un-
like in HF-REF, are still quite limited.

Pharmacological management of heart failure with
reduced ejection fraction

Pharmacological therapy represents the most important
component of the management of patients with HE-REF (Fig.
2). Several landmark RCTs have demonstrated that an ACE
inhibitor improves survival in patients with HE-REF°®? and
in patients with MI complicated by REF®*°" and/or HF.%?
ARBs are noninferior to ACE inhibitors in patients with MI
complicated by REF and/or HF,*® modestly improves clinical
outcome in HF-REF patients intolerant to ACE inhibitors,**
or not taking a B-blocker.®® Addition of an ARB to ACE in-
hibitor and B-blockade therapy modestly improves clinical
outcome predominantly by reducing HF hospitalizations.
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Mineralocorticoid receptor antagonists (MRAs) greatly im-
prove mortality/morbidity in patients with MI complicated by
left ventricular dysfunction and HF,*® patients with HF-REF
with mild to moderate symptoms accompanied by high risk
features,”” and patients with advanced HF.®® There is, how-
ever, limited trial experience with the combined use of ACE
inhibitors, ARBs, and MRAs.”’

B-Blockers such as bisoprolol, metoprolol CR/XL, and
carvedilol reduce mortality in patients with HF-REF on ACE
inhibitors.”’”? However, bucindolol did not reduce mortal-
ity.”* B-Blocker should be initiated in stable patients although
it can also be initiated with caution in patients with recent
decompensation.”

Diuretics relieve dyspnea and edema effectively. Although
there are no large trials of diuretic therapy, a meta-analysis
suggests they reduce the risk of worsening HF, death, and im-
prove exercise capacity.”®

Digoxin reduced HF hospitalization in patients with REF
in sinus rhythm in 1 RCT’” and systematic review of small
trials suggested some benefits in symptoms and worsening
HE.”® These trials were performed before the widespread use of
B-blockers.

An early RCT performed before the recognition of the ben-
efits of ACE inhibitors and B-blockers demonstrated marginal
mortality and symptom benefit from a combination of hydral-
azine and isosorbide dinitrate.”” The African-American Heart
Failure Trial (A-HeFT) showed that adding a fixed-dose com-
bination of isosorbide dinitrate plus hydralazine to a contem-
porary standard therapy reduced mortality, first hospitalization
for HF, and improved quality of life among African-American
patients with HF-REF.*

A recent study in patients with NYHA class II-IV symptoms
and ejection fraction (EF) = 40% has demonstrated that the
use of omega-3 polyunsaturated fatty acids (1 g daily) results in
a modest reduction in cardiovascular (CV) mortality and hos-
pitalization.®’

Resting heart rate independently predicts CV events, in-
cluding HF hospitalization.** Ivabradine, a drug that inhibits
the I channel, when approved might be considered in patients
who remain symptomatic with a heart rate > 70 beats per
minute despite optimal medical therapy including B-blockers,
to reduce hospitalizations and deaths because of HF.*’

An RCT in patients with HF-REF has demonstrated that
patients randomized to receive aspirin 300 mg daily have in-
creased risk of HF hospitalization.®* Antiplatelet agents
such as aspirin should therefore be administered only to
patients with HF who have a documented history of coro-
nary artery disease and stroke or who are deemed high risk
for CV events. A recent RCT has demonstrated that in pa-
tients with REF who are in sinus rhythm, there is no signif-
icant difference between treatment with warfarin and aspi-
rin in the risk of stroke.®

Commonly used medications such as the thiazodininedio-
nes, nonsteroidal anti-inflammatory agents and cyclooxygen-
ase-2 inhibitors have been implicated in the exacerbation of HF
and should be avoided if possible.**

A list of evidence-based HF pharmacologic agents and the
doses in the management of HE-REF is shown in Supplemen-

tal Table S3.
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RECOMMENDATION
ACE inhibitor
1.

We recommend an ACE inhibitor be used in all patients
as soon as safely possible after a MI and be continued
indefinitely if EF < 40% or if HF complicates a MI
(Strong Recommendation, High-Quality Evidence).
We recommend ACE inhibitors be used in all asymptom-
atic patients with an EF < 35% (Strong Recommenda-
tion, Moderate-Quality Evidence).

We recommend ACE inhibitors be used in all symptom-
atic HF patients and EF < 40%. (Strong Recommenda-
tion, High-Quality Evidence).

ARB

4. We recommend an ARB be used in patients who cannot

tolerate an ACE inhibitor (Strong Recommendation,
High-Quality Evidence).

We recommend an ARB be added to an ACE inhibitor for
patients with NYHA class II-IV HF and EF = 40% deemed
atincreased risk of HF events despite optimal treatment with
an ACE inhibitor and B-blocker as tolerated (Strong Rec-
ommendation, Moderate-Quality Evidence).

We recommend an ARB be considered instead of an ACE
inhibitor for patients with acute MI with HF or an EF <
40% who cannot tolerate an ACE inhibitor (Strong Rec-
ommendation, Moderate-Quality Evidence).

We recommend ARBs be considered as adjunctive ther-
apy to ACE inhibitors when B-blockers are either contra-
indicated or not tolerated after careful attempts at initia-
tion (Weak Recommendation, Low-Quality Evidence).
We recommend routine combination of an ACE inhibi-
tor, ARB, and MRA not be used for patients with current
or previous symptoms of HF and REF (Strong Recom-
mendation, Low-Quality Evidence).

MRA

9. We recommend an MRA such as eplerenone be consid-

ered for patients > 55 years with mild to moderate HF
during standard HF treatments with EF = 30% (or =
35% if QRS duration > 130 ms) and recent (6 months)
hospitalization for CV disease or with elevated BNP or
NT-proBNP levels (Strong Recommendation, High-
Quality Evidence).

10.We recommend an MRA such as eplerenone be consid-

ered in patients after an MI with EF = 30% and HF or
EF = 30% alone in the presence of diabetes (Strong Rec-
ommendation, High-Quality Evidence).

11.We recommend an MRA such as spironolactone be con-

sidered for patients with an EF < 30% and severe chronic
HF (NYHA IIIB-1V) despite optimization of other rec-
ommended treatments (Strong Recommendation, High-

Quality Evidence).

Values and preferences. The above recommendations place a

with proven mortality or morbidity benefits is not tolerated
by the patient, other concomitant drugs with less proven
benefit can be carefully re-evaluated to determine whether
their dose can be reduced or the drug discontinued to allow
for better tolerance of the drug with proven benefit. These
values and preferences also apply to the recommendations
of other classes of drugs discussed below. Furthermore, be-
cause there are still no data on outcome-modifying phar-
macologic treatment in HF-PEF, the above recommenda-

tions apply predominantly to patients with HF-REF.

Practical tip. Consider reducing the dose of diuretic if the
patient is otherwise stable, and reassess the need and the dose of
other vasodilators, such as long-acting nitrate, if no longer clin-
ically needed.

An increase in serum creatinine of up to 30% is not unex-

pected in many HF patients when an ACE inhibitor or ARB is
introduced; if the increase stabilizes at 30% or less, there is no
immediate need to decrease the drug dose but closer long-term
monitoring might be required.

MRASs can increase serum potassium, especially during an

acute dehydrating illness in which renal dysfunction can
worsen, and close monitoring of serum creatinine and potas-
sium is required.

Combining an ARB with an ACE inhibitor increases the

risk of hypotension, hyperkalemia, and renal dysfunction, and
it should be used with caution.

RECOMMENDATION

B-Blocker
1.

Values and preferences. These recommendations place a very
high value on the understanding that only B-blockers that have

been shown to improve clinical outcomes should be used.

We recommend all HF patients with an EF = 40% receive
a B-blocker proven to be beneficial in clinical trials (Strong
Recommendation, High-Quality Evidence).

We recommend NYHA class IV patients be stabilized
before initiation of a B-blocker (Strong Recommenda-
tion, High-Quality Evidence).

We recommend therapy be initiated at a low dose and
titrated to the target dose used in large trials or the max-
imum tolerated dose if less than the target dose (Strong
Recommendation, Moderate-Quality Evidence).

We recommend a B-blocker not be generally introduced to
patients with symptomatic hypotension despite adjustment
of other therapies, patients with severe reactive airways dis-
ease, symptomatic bradycardia, or with significant atrioven-
tricular block without a permanent pacemaker; stable
chronic obstructive pulmonary disease is not a contraindica-
tion for use of B blockade (Strong Recommendation, Mod-
erate-Quality Evidence).

high value on an understanding that among a given drug class,
only drugs proven to be beneficial in large trials can be used be-
cause their effective target doses capable of modifying clinical out-
come are known, and less value on individual response. If a drug

Practical tip. Objective improvement in cardiac function

might not be apparent for 6-12 months after initiation.
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Major reduction in dose or abrupt withdrawal should be
avoided in the case of worsening HF. If the patient is hypotensive,
consider reducing the dose of other medications before reducing
the B-blocker dosage. Temporary discontinuation might occa-
sionally be necessary in patients with shock. Whenever possible,
reinstitution of treatment should be attempted before hospital

discharge.

RECOMMENDATION

Diuretics

1. We recommend a loop diuretic, such as furosemide, for
most patients with HF and congestive symptoms. When
acute congestion is cleared, the lowest dose should be used
that is compatible with stable signs and symptoms
(Strong Recommendation, Low-Quality Evidence).

2. We recommend that for patients with persistent volume
overload despite optimal medical therapy and increases in
loop diuretics, cautious addition of a second diuretic (a
thiazide or low dose metolazone) may be considered as
long as it is possible to closely monitor morning weight,
renal function, and serum potassium (Weak Recommen-
dation, Moderate-Quality Evidence).

Values and preferences. These recommendations place a
high value on the understanding that diuretics have not
been shown to improve survival like the ACE inhibitors and
B-blockers but are frequently required to relieve congestion.

Digoxin

3. We recommend digoxin in patients in sinus rhythm who
continue to have moderate to severe symptoms, despite
optimized HF therapy to relieve symptoms and reduce
hospitalizations (Strong Recommendation, Moderate-
Quality Evidence).

4. We recommend digoxin in patients with chronic atrial
fibrillation (AF) and poor control of ventricular rate de-
spite optimal B-blocker therapy, or when B-blockers can-
not be used (Strong Recommendation, Low-Quality
Evidence).

Values and preferences. These recommendations place a
high value on the understanding that the use of cardiac glyco-
sides in chronic HF remains controversial. Digoxin can cause
atrial and ventricular arrhythmias particularly in the presence
of hypokalemia. Not all glycosides and not all preparations
have been studied in terms of efficacy and safety.

Isosorbide dinitrate and hydralazine

5. We recommend the combination of isosorbide dini-
trate and hydralazine be considered in addition to stan-
dard therapy for black Canadians with HF-REF
(Strong Recommendation, Moderate-Quality Evi-
dence) and may be considered for others including
non-black HF patients unable to tolerate an ACE inh-
bitor or ARB because of intolerance, hyperkalemia, or
renal dysfunction (Strong Recommendation, Low-
Quality Evidence).
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Values and preferences. Adverse effects such as headache,
nausea, dizziness, and hypotension are common and fre-
quently require a reduction in dose or discontinuation.

Omega-3 polyunsaturated fatty acids

6. We recommend omega-3 polyunsaturated fatty acid ther-
apy at a dose of 1 g daily be considered for reduction in
morbidity and CV mortality in patients with mild to se-
vere HF and reduced EF (Strong Recommendation,
Moderate-Quality Evidence).

Practical tip. In presence of significant renal dysfunction,
higher doses or combination diuretic agents might be needed;
blood work needs to be closely followed.

Patients with recurrent fluid retention who are able to fol-
low instructions can be taught to adjust their diuretic dose
based on symptoms and changes in daily body weight.

In patients receiving digoxin, serum potassium and creati-
nine should be measured with increases in digoxin or diuretic
dose, addition or discontinuation of an interacting drug, or
during a dehydrating illness, to reduce the risk of digoxin tox-
icity. Patients with reduced or fluctuating renal function, the
elderly, those with low body weight, and women are at in-
creased risk of digoxin toxicity and might require more fre-
quent monitoring including digoxin levels.

Nitrates alone can be useful to relieve dyspnea or angina but
continuous use should generally be avoided because of the risk
of development of tolerance.

RECOMMENDATION
Platelet inhibition and anticoagulation

1. We recommend aspirin at a dose of between 81 and 325 mg
be considered only in HF patients with clear indications for
secondary prevention of CV events (Strong Recommenda-
tion, High-Quality Evidence).

2. We recommend anticoagulation not be used routinely for
HF patients who are in sinus rhythm (Strong Recommen-
dation, High-Quality Evidence).

3. We recommend anticoagulation be considered for pa-
tients with demonstrated intracardiac thrombus, previous
systemic embolism, or after a large anterior MI (Weak
Recommendation, Low-Quality Evidence).

Implantable cardioverter-defibrillator

The evidence for the recommendations for implantable car-
dioverter-defibrillator (ICD) therapy in HF management has
been discussed extensively in the 2009 CCS HF Guidelines.*’
In brief, primary ICD therapy improves survival in patients
with NYHA II-III ischemic and nonischemic HF with EF =
35%”° and in patients with a previous MI with EF = 30%.”"
In contrast, ICD therapy does not provide any survival benefit
carly after an ML.7>%?
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RECOMMENDATION

1. We recommend an ICD be implanted in patients with
HF-REF with a history of hemodynamically significant or
sustained ventricular arrhythmia (secondary prevention)
(Strong Recommendation, High-Quality Evidence).

2. We recommend consideration of primary ICD therapy in
patients with:

i. Ischemic cardiomyopathy, NYHA class II-III, EF =
35%, measured at least 1 month post MI, and at
least 3 months post coronary revascularization pro-
cedure (Strong Recommendation, High-Quality
Evidence);

ii. Ischemic cardiomyopathy, NYHA class I, and an EF
= 30% at least 1 month post MI, and at least 3
months post coronary revascularization procedure
(Strong Recommendation, High-Quality Evidence);

iii. Nonischemic cardiomyopathy, NYHA class II-I1I, EF
= 35%, measured at least 9 months after optimal
medical therapy (Strong Recommendation, High-
Quality Evidence).

3. Werecommend an ICD not be implanted in NYHA class
IV HF patients who are not expected to improve with any
further therapy and who are not candidates for cardiac
transplant or mechanical circulatory support (Strong
Recommendation, Moderate-Quality Evidence).

Values and preferences. These recommendations place a
very high value on the recognition that patients and family
members should be carefully counselled as to the purpose of
an ICD and the associated complications. If HF progresses
to terminal stage, deactivation of the ICD can be considered
after careful discussion.

Cardiac resynchronization therapy

Since the previously published CCS HF guideline recom-
mendations on cardiac resynchronization therapy (CRT)*"
which were based on earlier landmark RCTs conducted in
patients with more severe symptoms,”*?> additional trials
and analyses have been published mandating the revision of
the previous recommendations to include patients with
mild HF symptoms and to place more emphasis on QRS
morphology and duration, and the importance of sinus
rhythm in the selection of patients.”®'%* These broad rec-
ommendations are in principal in general agreement with
the more comprehensive recommendations discussed in the

CCS CRT guidelines.

RECOMMENDATION

1. We recommend CRT in patients with NYHA III and
ambulatory NYHA IV HF despite optimal medical
therapy, in sinus rhythm with QRS duration = 130 ms
and left bundle branch block (LBBB) QRS morphol-
ogy and EF = 35% (Strong Recommendation, High-
Quality Evidence).

2. We recommend CRT with an ICD in NYHA II HF
patients despite optimal medical therapy, in sinus rhythm
with a QRS duration = 130 ms with LBBB QRS mor-
phology and EF = 30% (Strong Recommendation,
High-Quality Evidence).

3. We recommend that CRT be considered in NYHA class
II, NYHA class III, and ambulatory NYHA class IV HF
patients, in sinus rhythm, EF = 35%, and QRS duration
= 150 ms with non-LBBB QRS morphology (Weak Rec-
ommendation, Low-Quality Evidence).

4. We recommend the addition of ICD therapy be consid-
ered for patients referred for CRT who meet primary
ICD requirements (Strong Recommendation, High-
Quality Evidence).

Values and preferences. These recommendations place a
significant value on the derived benefit of CRT in patient
groups specifically included in the landmark RCTs, and less
value on post hoc subgroup analyses and systematic analy-
ses. Based on these trials, there is insufficient evidence to
recommend CRT in patients with NYHA class I status or in
hospitalized NYHA class IV patients, or those in AF. Pa-
tients with a QRS duration = 150 ms are universally more
likely to benefit from CRT than patients with less prolon-
gation. CRT pacemaker therapy should also be considered
in patients who are not candidates for ICD therapy such as
those with a limited life expectancy because of significant
comorbidities, and in patients who decline to receive an

ICD.

Atrial fibrillation

AF is a common arrhythmia in HF, and is associated with
higher rates of adverse clinical events'*” and increased risk of
thromboembolism including stroke.'** AF should be managed
and classified according to current AF guidelines.'*” The gen-
eral approach is to control rate.'”® There are limited data to
support a specific upper heart rate target; however, the current
CCS AF guidelines recommend the target rate be < 100 beats
per minute.'”” B-Blockers are preferred over digoxin for rate
control.'®” Rate-lowering CCBs are acceptable alternatives in
patients with HF-PEF.'%® The combination of B-blocker and
digoxin is more effective than B-blocker alone in controlling
ventricular response.'*” A rhythm control strategy has not been
demonstrated to be superior to a rate-control strategy in reduc-
ing mortality or morbidity in patients with HE.'' When
thythm control is required because of symptoms, amiodarone
is preferred over class I agents and dronedarone.''"""* Unless
contraindicated, oral anticoagulants should be initiated in pa-
tients1 éiseemed high risk for stroke as per current AF guide-
lines.

RECOMMENDATION

1. We recommend in patients with HF and AF that
the ventricular rate be controlled at rest and during

exercise (Strong Recommendation, Moderate-Quality
Evidence).
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2. We recommend that restoration and maintenance of si-
nus rhythm not be performed routinely (Strong Recom-
mendation, High-Quality Evidence).

3. We recommend f-blockers for rate control particularly in
those with HF-REF (Strong Recommendation, Moder-
ate-Quality Evidence).

4. We recommend B-blockers combined with digoxin for
uncontrolled ventricular rates on S-blocker therapy at
optimal dose alone (Strong Recommendation, Moderate-
Quality Evidence).

5. We recommend rate-limiting CCBs be considered for
rate control in HF-PEF (Weak Recommendation, Low-
Quality Evidence).

6. We recommend the use of antiarthythmic therapy to
achieve and maintain sinus rhythm, if rhythm control is
indicated, be restricted to amiodarone (Strong Recom-
mendation, Moderate-Quality Evidence).

7. We recommend oral anticoagulation for AF in HF pa-
tients deemed high risk for stroke unless contraindicated
as per current AF guidelines, and not to coadminister
with antiplatelet agents unless the latter are needed for
other indications (Strong Recommendation, High-Qual-

ity Evidence).

Values and preferences. These recommendations are based
on an understanding that the management of HF patients
with AF should be individualized with respect to the
need to identify precipitating factors, to assess the risk of
therapy such as the development of bradycardia and
proarrthythmia with antiarrhythmic agents, and the
bleeding risk of systemic anticoagulation.

Practical tip. Nondihydropyridine CCBs should not be used
to control heart rate in patients with HE-REF because they can
depress cardiac function and worsen HF.

Dronedarone should not be used in patients with an EF <
35% and/or with recent decompensated HF because of in-
creased risk of mortality. Agents such as sotalol, flecainide, and
propafenone should also be avoided.
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