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ABSTRACT
The 2011 Canadian Cardiovascular Society Heart Failure (HF) Guide-

lines Focused Update reviews the recently published clinical trials that

ical literature and the best available evidence and clinical experience. It repre-
sents the consensus of a Canadian panel comprised of multidisciplinary experts
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RÉSUMÉ
La mise à jour 2011 des lignes directrices de l’insuffisance cardi-
aque (IC) de la Société canadienne de cardiologie revoit les récents
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This statement was developed following a thorough consideration of med-

on this topic with a mandate to formulate disease-specific recommendations.
These recommendations are aimed to provide a reasonable and practical ap-
proach 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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The Canadian Cardiovascular Society (CCS) has been publish-
ing the Heart Failure (HF) Guidelines since 2006.1 This is part
of a commitment to a multiyear, closed-loop initiative to pro-
vide support for the best practice of HF management. The
CCS has also implemented the National HF Workshop Initia-
tive; a series of HF workshops across the country initiated to
discuss how to implement the guidelines and to identify addi-
tional challenges facing physicians and other health care pro-
viders in their daily management of HF patients. Feedback
from these sessions, together with specific solicited input from
key stakeholders, led to other important topics covered in the
2007,2 2008,3 2009,4 and 20105 updates. This program of
annual updates has produced a series of evidence-based papers
outlining the management of HF.

The constitution and roles of primary and secondary panels,
systematic review strategy, and methods for formulating the
recommendations are described in more detail on the CCS HF
Consensus Conference Program website (www.hfcc.ca).

The objectives of the 2011 CCS HF Consensus Update were
to provide recommendations and practical tips in the areas of (1)
recently published significant clinical studies, (2) HF complicated
by renal failure, (3) management of sleep apnea, (4) palliative care,
and (5) the use of mechanical circulatory support (MCS).

The recommendations this year follow the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE)
system.6 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 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 tradeoffs are less cer-
tain, either because of low-quality evidence or because evidence
suggests that desirable and undesirable effects are closely balanced,

will potentially impact on management. Also reviewed is the less
studied but clinically important area of sleep apnea. Finally, patients
with advanced HF represent a group of patients who pose major diffi-
culties to clinicians. Advanced HF therefore is examined from the
perspectives of HF complicated by renal failure, the role of palliative
care, and the role of mechanical circulatory support (MCS). All of these
topics are reviewed from a perspective of practical applications. Im-
portant new studies have demonstrated in less symptomatic HF pa-
tients that cardiac resynchronization therapy will be of benefit. As well,
aldosterone receptor antagonists can be used with benefit in less
symptomatic HF patients. The important role of palliative care and the
need to address end-of-life issues in advanced HF are emphasized.
Physicians need to be aware of the possibility of sleep apnea compli-
cating the course of HF and the role of a sleep study for the proper
assessment and management of the conditon. Patients with either
acute severe or chronic advanced HF with otherwise good life expec-
tancy should be referred to a cardiac centre capable of providing MCS.
Furthermore, patients awaiting heart transplantation who deteriorate
or are otherwise not likely to survive until a donor organ is found should
be referred for MCS.
weak recommendations become mandatory.6
Important New Clinical Trials That Would Likely
Change the Standard of Care in HF

Should cardiac resynchronization therapy be extended
to patients with milder HF?

Cardiac resynchronization therapy (CRT) progressively im-
proves left ventricular (LV) structure and function, raising the
possibility that CRT may delay disease progression in patients
with less severe symptoms.7 Two small studies in New York
Heart Association (NYHA) class II patients found improve-
ments in cardiac remodelling.8,9 More recently, larger studies
(reviewed later) have provided further evidence to support the
use of CRT in less symptomatic patients.10-13

In the Resynchronization Reverses Remodelling in Systolic
Left Ventricular Dysfunction (REVERSE) trial, the effects of
CRT therapy (with implantable cardioverter-defibrillator
[ICD] in most patients) were assessed in 610 NYHA I or II HF
patients.10 The primary end point of HF clinical composite
(improved, unchanged, or worsened) was not significantly dif-
ferent between groups. For the secondary outcomes, CRT-on
compared to CRT-off showed a significantly greater reduction
in LV end-systolic volume index and delay in time-to-first HF
hospitalization (hazard ratio [HR] 0.47; P � 0.03).

The Multicenter Automatic Defibrillator Implantation Trial
with Cardiac Resynchronization Therapy (MADIT-CRT) was
designed to determine whether prophylactic CRT in combination
with an ICD (CRT-ICD) would reduce the risk of death or non-
fatal HF events in NYHA I or II patients with an LV ejection
fraction (EF) � 30%, and QRS duration �130 ms, compared
with ICD alone.11 There was a significant 34% (P � 0.001) re-
duction in the primary outcome in the CRT-ICD group (Table
1). The benefit of CRT-ICD was similar in patients with ischemic
or nonischemic etiologies (Table 1). The improvement in the pri-
mary endpoint was due to a 41% (P � 0.001) decrease in nonfatal
HF in the CRT-ICD group; there was no significant effect on

essais cliniques publiés qui auront potentiellement une incidence sur
la gestion. L’apnée du sommeil, qui est un domaine cliniquement
important, mais peu étudié, a aussi été revue. Finalement, les patients
avec une IC avancée représentent un groupe de patients qui posent
des difficultés majeures aux cliniciens. Par conséquent, l’IC avancée
est analysée selon la perspective d’une IC compliquée par une insuf-
fisance rénale, le rôle des soins palliatifs et le rôle de l’assistance
circulatoire mécanique (ACM). Tous ces sujets sont analysés dans une
perspective d’applications pratiques. D’importantes nouvelles études
ont démontré que chez les patients avec une IC moins symptomatique
la thérapie de resynchronisation cardiaque sera bénéfique. Aussi, les
antagonistes des récepteurs de l’aldostérone peuvent être utilisés de
manière bénéfique chez les patients avec une IC moins symptom-
atique. Le rôle important des soins palliatifs et le besoin de tenir
compte des enjeux de fin de vie dans l’IC avancée sont mis de l’avant.
Les médecins ont besoin de ne pas ignorer la possibilité d’une apnée
du sommeil compliquant le cours de l’IC et le rôle de l’étude du som-
meil pour l’évaluation et la gestion appropriées de la condition. Les
patients qui ont soit une IC aiguë avancée ou une IC chronique sévère
mais une bonne espérance de vie devraient être dirigés à un centre
cardiaque en mesure de fournir une ACM. En plus, les patients en
attente d’une transplantation cardiaque qui se détériorent ou qui ne
sont pas autrement susceptibles de survivre jusqu’à ce qu’un organe
de donneur soit trouvé devraient être dirigés pour une ACM.
mortality. Similar to the REVERSE trial, there were significant

http://www.hfcc.ca
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improvements in cardiac volumes with CRT-ICD and these im-
provements were associated with a significant reduction in risk.

The Resynchronization-Defibrillation for Ambulatory HF
Trial (RAFT)12 recruited almost 2000 patients and the average
follow-up was longer (40 months) compared to MADIT-CRT
(28.8 months).11 Initially, NYHA II or III HF patients were
recruited, but as new evidence showed benefit for NYHA III
patients, the study changed enrolment criteria to recruit only
NYHA II patients, resulting in 80% of patients with NYHA II
symptoms. Other important inclusion criteria were optimal
medical management, LVEF � 30%, QRS duration �120 ms,
or paced QRS duration �200 ms. The primary outcome of
any-cause death or HF hospitalization was reduced 25%
(P � 0.001) in the ICD-CRT group compared to the ICD
group (Table 2). There was a 25% reduction of death (P �
0.003) and a 32% reduction (P � 0.001) of HF hospitaliza-
tions with ICD-CRT (Table 2). There was no interaction be-
tween treatment and cause of HF (ischemic vs nonischemic).

These recently published studies suggest that adding CRT in
combination with ICD therapy, on top of optimal medical ther-
apy in less symptomatic HF patients (NYHA II), results in reduc-
tion in mortality and morbidity. The subgroup analyses of both
MADIT-CRT and RAFT used a cut-point of QRS duration
� 150 ms, the remarkable consistency in terms of more benefit in
patients with QRS duration � 150 ms indicate that the benefit
increases with increasing QRS duration in this patient population
with milder symptoms.

Table 1. Risk of death or heart failure (HF) in the MADIT-CRT study

Variable ICD-only group

All patients 731
Death or HF 185 (25.3%)
HF only 167 (22.8%)
Death at any time 53 (7.3%)
Patients with ischemic cardiomyopathy

(NYHA class I or II) 401
Death or HF 117 (29.2%)
HF only 105 (26.2%)
Patients with nonischemic cardiomyopathy

(NYHA class II) 330
Death or HF 68 (20.6%)
HF only 62 (18.8%)

CI, confidence interval; CRT, cardiac resynchronization therapy; HR, h
Automatic Defibrillator Implantation Trial with Cardiac Resynchronization T

Table 2. Risk of death or hospitalization for heart failure (HF) in the R

Outcome ICD (N � 904)

All patients
Primary outcome

Death or hospitalization for HF 363 (40.3%)
Secondary outcomes

Death from any cause 236 (26.1%)
Hospitalization for HF 236 (26.1%)

Patients in NYHA class II
No. of patients 730
Primary outcome

Death or hospitalization for HF 253 (34.7%)
Secondary outcomes

Death from any cause 154 (21.1%)
Hospitalization for HF 159 (21.8%)

CI, confidence interval; ICD, implantable cardioverter-defibrillator; CRT

Resynchronization-Defibrillation for Ambulatory HF Trial.
RECOMMENDATION

We recommend the use of CRT in combination with an
ICD for HF patients on optimal medical therapy with NYHA
II HF symptoms, LVEF � 30%, and QRS duration � 150 ms
(Strong Recommendation, High-Quality Evidence).

Practical tip. The use of 150 ms as a cut-point for QRS duration
was based on a subgroup analysis of the data. The MADIT-CRT
study included patients with QRS duration �130 ms, while
RAFT included patients with QRS duration �120 ms. Therefore
in practice the selection of patients should be individualized and
based on risk features. For example, patients with NYHA II symp-
toms with LVEF � 20% should likely be considered for treatment
even if their QRS durations are slightly below 150 ms but wider
than 120 ms.

Should aldosterone receptor blockade be extended to
patients with milder HF?

Activation of the mineralocorticoid receptors by aldosterone
exerts deleterious effects in patients with cardiovascular disease
(CVD).14 A recent systematic review found that aldosterone
blockade in a clinically heterogeneous group of participants with
HF and post myocardial infarction resulted in a significant 20%
reduction in all-cause mortality.15 The recently published Epler-

CRT-ICD group HR (95% CI) P value

1089
187 (17.2%) 0.66 (0.52-0.84) �0.0001
151 (13.9%) 0.59 (0.47-0.74) �0.001
74 (6.8%) 1.00 (0.69-1.44) 0.99

598
122 (20.4%) 0.67 (0.52-0.88) 0.003
96 (16.1%) 0.58 (0.44-0.78) �0.001

491
65 (13.2%) 0.62 (0.44-0.89) 0.01
55 (11.2%) 0.59 (0.41-0.87) 0.01

tio; ICD, implantable cardioverter-defibrillator; MADIT-CRT, Multicenter
; NYHA, New York Heart Association.

udy

-CRT (N � 894) Hazard ratio (95% CI) P value

297 (33.2%) 0.75 (0.64-0.87) �0.001

186 (20.8%) 0.75 (0.62-0.91) 0.003
174 (19.5%) 0.68 (0.56-0.83) �0.001

708

193 (27.3%) 0.73 (0.61-0.88) 0.001

110 (15.5%) 0.71 (0.56-0.91) 0.006
115 (16.2%) 0.70 (0.55-0.89) 0.003

ac resynchronization therapy; NYHA, New York Heart Association; RAFT,
azard ra
AFT st

ICD

, cardi
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enone in Mild Patients Hospitalization and Survival Study in
Heart Failure (EMPHASIS-HF) expands the use of aldosterone
receptor antagonists in HF patients.16

EMPHASIS-HF examined the effects of eplerenone on
clinical outcomes in patients � 55 years old, with NYHA II
symptoms, LVEF � 30% (if � 30%-35%, a QRS duration of
�130 ms), treated with an angiotensin-converting enzyme
(ACE) inhibitor and/or angiotensin receptor blocker, and
�-blockers (if indicated). Randomized patients were within 6
months of hospitalization for CVD reasons; if � 6 months for
hospitalization, brain natriuretic peptide (BNP) needed to be
� 250 pg/mL or N-terminal (NT)-pro-BNP � 500 pg/mL in
men and � 750 pg/mL in women. There were � 2700 patients
with a median follow-up of 21 months. The primary composite
outcome (death from CVD causes or a first hospitalization for
HF) was reduced by 37% with eplerenone (Table 3). Eplerenone
also reduced death from any cause, hospitalization for any reason,
HF hospitalization, and CVD deaths. The effect of eplerenone on
the primary outcome was consistent across prespecified sub-
groups. Although eplerenone reduced clinical events in patients
with milder symptoms of HF, the tight inclusion criteria limit
generalizability of the findings to all patients with HF.

RECOMMENDATION

We recommend that an aldosterone receptor blocking
agent such as eplerenone be considered for patients with mild
to moderate (NYHA II) HF, aged � 55 years with LV systolic
dysfunction (LVEF � 30%, or if LVEF � 30% and � 35%
with QRS duration � 130 ms), and recent hospitalization for
CVD or elevated BNP/NT-pro-BNP levels, who are on stan-
dard HF therapy (Strong Recommendation, High-Quality
Evidence).

Practical tip. Key exclusion criteria in the EMPHASIS study
included a serum potassium level � 5.0 mmol/L and an estimated
glomerular filtration rate (eGFR) of �30 mL/min/1.73 m2.
Therefore, it is important to monitor these laboratory variables
and to not use eplerenone in those patients who exceed these levels
for potassium and eGFR.

Does lowering heart rate improve clinical outcomes in
chronic HF?

Resting heart rate independently predicts CVD events, includ-
ing HF hospitalization.17,18 Systematic reviews have demon-
strated that a major contributor to the benefits of �-blocker ther-

Table 3. Primary outcome and key secondary outcomes in the EMPH

Outcome
Eplerenone
(N � 1364)

Primary outcome
Death or hospitalization for HF 249 (18.3%)

Prespecified adjudicated secondary outcomes
Death from any cause 171 (12.5%)
Death from cardiovascular causes 147 (10.8%)
Hospitalization for any reason 408 (29.9%)
Hospitalization for HF 164 (12.0%)

CI, confidence interval; EMPHASIS-HF, Eplerenone in Mild Patients Ho
apy may be their rate-lowering effect.19,20 Despite their benefits,
these agents are generally underused and underdosed.21,22 If ap-
propriately optimized, �-blockade does not reduce heart rate; fur-
ther therapy that would lower heart rate is warranted. Ivabradine
reduces heart rate by specific inhibition of the If current, which is
important for sinoatrial node pacemaking.23

The Systolic Heart Failure Treatment with If inhibitor
ivabradine Trial (SHIFT) examined the effect of ivabradine in
patients with moderate to severe HF.24 The inclusion criteria
were symptomatic HF for � 4 weeks, resting heart rate � 70
bpm, LVEF � 35%, and HF admission within 12 months.
The primary endpoint was a composite of CVD death or HF
admission. Heart rate in the ivabradine group was lower than
placebo by 9.1 bpm and 8.1 bpm at 1 year and at the end of the
study, respectively. Ivabradine produced a significant 18% re-
duction in the primary endpoint (Table 4). The effects were
driven mainly by hospital admissions for worsening HF and
deaths due to HF. Ivabradine did not reduce all-cause mortality
or CVD mortality (Table 4). Among 10% of patients not on
�-blocker therapy, there was a larger reduction in the primary
endpoint (HR 0.68; 95% CI, 0.52-0.88).

The results of this trial contrast with those of the morBidity-
mortality EvAlUaTion of the If inhibitor ivabradine in patients
with CAD and left ventricULar dysfunction (BEAUTIFUL)
study of � 10,000 patients with asymptomatic LV systolic dys-
function due to ischemic heart disease.17,25 The BEAUTIFUL
trial demonstrated a nonsignificant trend toward the reduc-
tion of the primary endpoint. The mean heart rate in
BEAUTIFUL was lower than that in SHIFT. In BEAUTIFUL,
the group with a resting heart rate �70 bpm showed a
significant reduction in myocardial infarction and CVD
death consistent with the hypothesis that heart rate is related
to outcome.

Practical tip. At present, ivabradine has not yet been approved
for clinical use in Canada. When ivabradine does become avail-
able, the results of SHIFT will likely support the use of ivabra-
dine in patients with moderate to severe HF on optimum med-
ical therapy including �-blockade with LVEF � 35% and
resting heart rate � 70 bpm.

Important Clinical Trials That Do Not Yet Change
Standard of Care

Should we routinely measure natriuretic peptide in
patients with chronic HF?

The use of natriuretic peptides (BNP/NT-pro-BNP) was

F study

Placebo
(N � 1373)

Adjusted HR
(95% CI)

Adjusted
P value

356 (25.9%) 0.63 (0.54-0.74) �0.001

213 (15.5%) 0.76 (0.62-0.93) 0.008
185 (13.5%) 0.76 (0.61-0.94) 0.01
491 (35.8%) 0.77 (0.67-0.88) �0.001
253 (18.4%) 0.58 (0.47-0.70) �0.001

tion and Survival Study in Heart Failure; HF, heart failure; HR, hazard ratio.
ASIS-H
reviewed in previous CCS HF Guidelines.2,4 Since then, the
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results of several studies addressing natriuretic peptide (NP)
testing in chronic HF have been published.

The Trial of Intensified vs Standard Medical Therapy in
Elderly Patients with Congestive Heart Failure (TIME-
CHF) multicentre study randomized 499 patients � 60
years old to guideline-based therapy or intensified NT-pro-
BNP-guided therapy.26 The primary outcome, 18-month
survival free of all-cause hospitalizations, was similar be-
tween groups and there was no difference in quality of life.
The secondary outcome (survival free of hospitalization for
HF) was higher in the NT-pro-BNP group. In patients aged
60 to � 75 years, NT-pro-BNP-guided therapy improved
outcomes but not in patients � 75 years old.

The NT-proBNP-Assisted Treatment To Lessen Serial
Cardiac Readmissions and Death (BATTLESCARRED)
trial compared the effects of NT-pro-BNP-guided therapy
(HG) with intensive standardized clinical management
(CG) and usual care (UC) in 364 patients.27 In the CG
group, a HF score � 2.0 was used to trigger optimization of
therapy. For the HG group, NT-pro-BNP �150 pmol/L
and/or HF score � 2.0 triggered optimization of drugs.
One-year mortality was significantly less in both the HG
(9.1%) and CG (9.1%) groups compared to the UC group
(18.9%). In patients aged � 75 years, 3-year mortality was
lower in the HG group compared to CG and UC groups.

The Can Pro-brain-natriuretic Peptide Guided Therapy of
Chronic Heart Failure Improve Heart Failure Morbidity and
Mortality (PRIMA) study examined whether treatment of HF
guided by an individualized target NT-pro-BNP level im-
proves outcome.28 A total of 345 hospitalized HF patients
with elevated NT-pro-BNP levels at admission were in-
cluded. After discharge, patients were randomized to either
clinically guided outpatient management or management
guided by an individually set NT-pro-BNP defined by the
lowest level at discharge or 2 weeks thereafter. There was no
difference in the primary outcome for the number of days
alive outside the hospital between the NT-pro-BNP-guided
and the clinically guided groups.

Since the 2009 Guidelines, the role of NP monitoring in the
management of patients with chronic HF remains undefined.
The results point to possible value in selected patiens such as
those � 75 years of age. However, these impressions may
change when ongoing studies like EX-IMPROVE-CHF and

Table 4. Effects of ivabradine on primary and major secondary endpo

Ivabradine group
(n � 3241)

Primary endpoint
Cardiovascular death or hospital admission

for worsening HF 793 (25%)
Mortality endpoints

All-cause mortality 503 (16%)
Cardiovascular mortality 449 (14%)
Death from HF 113 (3%)

Other endpoints
Hospital admission for worsening HF 514 (16%)
Any cardiovascular hospital admission 977 (30%)

CI, confidence interval; HF, heart failure; HR, hazard ratio; SHIFT, Syst
PROTECT are published.
What Should You Do When HF Is Complicated by
Renal Failure?

Cardiorenal syndrome

Cardiac and renal dysfunction often occur in concert with
hemodynamic, neurohormonal, vascular, and hematologic
consequences. Previously, renal dysfunction was thought to
represent merely a comorbidity in patients with advanced HF.
It is increasingly recognized that cardiac and renal interaction is
complex. The cardiorenal syndrome (CRS) refers to interac-
tions in which renal dysfunction and HF interact and mutually
reinforce each other.29 Mechanistic hypotheses are discussed
elsewhere.29,30 Both elevated intra-abdominal pressure and
central venous pressure are linked to rising serum creatinine
levels.31,32

A meta-analysis of observational studies confirms that HF
patients with moderate to severe renal dysfunction have a
� 2-fold increase in relative mortality risk.33 The presence of
HF in a hemodialysis population portends a poor prognosis
with mean survival of � 36 months.34

Creatinine clearance calculated by Cockcroft and
Gault35 or according to the MDRD formula36 estimates the
GFR, with normal renal function indicated by a GFR � 90
mL/min/1.73 m2, mild renal dysfunction by a GFR of 60 to
89 mL/min/1.73 m2, moderate renal dysfunction by a GFR
� 30 to 59 mL/min/1.73 m2, severe renal dysfunction by a
GFR of 15 to 29 mL/min/1.73 m2, and end-stage renal
dysfunction �15 mL/min/1.73 m2. Standardized and vali-
dated criteria may be useful to estimate acute changes in
renal function at the bedside for patients with acute decom-
pensated HF (ADHF) when renal injury is a possibility. The
Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE)
criteria have been validated and are based on a creatinine
level that is 1.5, 2, or 3 times the baseline creatinine with a
concurrent drop in urine output over 6, 12, or 24 hours.37 It
is important to recognize that markers used in the assess-
ment of HF including BNP and NT-pro-BNP may need to
be interpreted with caution in the presence of acute renal
failure or end-stage renal disease.

Supplemental Table S1 provides guidance on assessment
and options when assessing the CRS and the need for further
intervention, including diuretics, ultrafiltration (UF), or dial-

the SHIFT study

Placebo group
(n � 3264) HR (95% CI) P value

937 (29%) 0.82 (0.75-0.90) �0.0001

552 (17%) 0.90 (0.80-1.02) 0.092
491 (15%) 0.91 (0.80-1.03) 0.128
151 (5%) 0.74 (0.58-0.94) 0.014

672 (21%) 0.74 (0.66-0.83) �0.0001
1122 (34%) 0.85 (0.78-0.92) 0.0002

rt Failure Treatment with If inhibitor ivabradine Trial.
ints in
ysis.
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RECOMMENDATION

We recommend that patients with the CRS should be
managed by a multispecialty team with experience and ex-
pertise (Strong Recommendation, Low-Quality Evidence).

Practical tip. Careful assessment of all clinical indicators of
fluid status is mandatory as changes in body weight may relate
to changes in concurrent changes in fluid status or to muscle or
fat content.

When evaluating patients, attention should be paid to the
evolution of symptoms, renal function, body weight, and fluid
status to aid management.

Overaggressive fluid removal should be avoided, especially
in advanced biventricular HF and severe chronic kidney dis-
ease.

Role of hemodialysis

In critically ill HF patients, hemodynamic stress, metabolic
changes, and electrolyte shifts often occur in patients on hemo-
dialysis and may be poorly tolerated. Dialysis should be con-
sidered in HF patients with signs and symptoms of complica-
tions of renal failure (Supplemental Table S1).38 The urgency
should be discussed with a nephrologist with experience in
performing hemodialysis on HF patients.

Before initiating dialysis, clinicians should be aware of the
poor prognosis of HF patients and end-stage renal disease (see
section on palliative care). Once initiated, clinicians and pa-
tients may have difficulty accepting the need to discontinue or
continue dialysis. Common complications associated with di-
alysis include dehydration and electrolyte imbalance, which
may lead to angina, hypotension, or arrhythmias if left un-
treated. A reduction in medical therapy may be necessary for
effective hemodialysis to occur, and there should be caution
when reintroducing these at a later time.

Medications specific to HF should be continued when pos-
sible. A randomized controlled trial of carvedilol in 114 hemo-
dialysis patients with a low LVEF and HF symptoms demon-
strated a significant reduction in mortality or hospitalization
over 2 years and improvement in NYHA and LV remodel-
ling.39 Cohort data suggest that ACE inhibitors are associated
with a reduction in all-cause mortality.40 A single randomized
controlled trial of 397 high-risk patients without HF on hemo-
dialysis showed a trend toward a lower event rate with the use of
fosinopril.41 Similarly, angiotensin II receptor blockers (ARBs)
have been tested in an open-label trial in hemodialysis pa-
tients42 and were not found to reduce clinical events. One
randomized trial of 332 HF patients on an ACE inhibitor and
hemodialysis demonstrated a significant all-cause mortality re-
duction over 3 years with the ARB telmisartan but with signif-
icantly more hypotension and dropouts in the treatment
arm.43 These results do not alter prior recommendations on
combination therapy with ACE and an ARB. Aldosterone
blockade has been evaluated in 3 small cohorts for safety44-46

and 1 small randomized controlled trial of 16 HF patients
without significant benefits.47 There are limited safety data and
no efficacy data favouring digoxin for HF patients on hemodi-

alysis.
RECOMMENDATION

In patients already on dialysis, we recommend to initiate
or continue the use of ACE inhibitors and �-blockers in
patients with HF and an LVEF � 35% (Strong Recom-
mendation, Moderate-Quality Evidence).

Practical tip. The dosing or timing of medications may need
to be altered to accommodate effective hemodialysis and opti-
mize pharmacokinetics.

Role of renal transplantation

Renal transplant is an option for selected candidates with
HF according to internationally accepted guidelines.48

Three cohort studies have highlighted the importance of the
cardiorenal interaction in patients who have undergone re-
nal transplantation and subsequently had improvement in
symptoms, LV function, and remodelling.49-51 Postopera-
tive adverse cardiac events were low (�5%) in these patient
cohorts.

RECOMMENDATION

We suggest that in low LVEF HF patients, HF should not
preclude renal transplant candidacy (Weak Recommendation,
Moderate-Quality Evidence).

Role of ultrafiltration

Diuretic therapy is the mainstay for relief of volume over-
load for ADHF.52 However, evidence-based data are sparse
and diuretics have adverse effects such as activation of the neu-
rohormonal cascade, electrolyte depletion, and renal in-
jury.53,54 While diuretic administration results in hypotonic
urine, ultrafiltration (UF) leads to the production of isonatre-
mic and iso-osmolar urine.

Trials in ultrafiltration

The multicentre randomized controlled Relief for Acutely
Fluid-Overloaded Patients With Decompensated Congestive
Heart Failure (RAPID-CHF) trial assessed the feasibility,
safety, and efficacy of early UF vs usual care in the management
of ADHF.55 Early UF resulted in a trend toward greater
weight loss and fluid removal at 24 hours. UF was well
tolerated and the median volume of ultrafiltrate removed
during a single 8-hour course of UF was 3213 mL. Dyspnea
and HF symptoms were significantly improved in the UF
group at 48 hours.

In the Ultrafiltration versus Intravenous Diuretics for Pa-
tients Hospitalized for Acute Decompensated Congestive
Heart Failure (UNLOAD) trial, early UF was compared to
standard intravenous diuretic therapy in ADHF patients.56 UF
produced greater weight loss and net fluid loss over 48 hours
but no difference in dyspnea scores, creatinine level, or length
of stay. There was an associated decrease in HF rehospitaliza-
tion at 90 days but other important clinical outcomes were not
affected. The studies on UF were not powered to address major

clinical outcomes; and no long-term evaluation (� 90 days) of
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the impact on HF or all-cause hospitalizations has been per-
formed.

Safety of ultrafiltration

The potential risks associated with UF include hypotension,
bleeding, hemolysis, catheter-related complications, allergic re-
actions, and air emboli.57 Currently, patients receiving UF
need to receive systemic anticoagulation, placing an additional
risk of systemic bleeding. Estimates regarding the safety of UF
based on the published literature are from small randomized
controlled trials and cannot be readily extrapolated to a broader
population in centres without experience and expertise in UF.
To date, there is no evidence to support the notion that use of
UF may be a renoprotective strategy.

RECOMMENDATION

We suggest that in patients with ADHF and diuretic
resistance, UF may be considered for volume management
and is to be performed in centres by clinicians with experi-
ence and expertise in its use (Weak Recommendation, Low-
Quality Evidence).

How Do You Assess and Manage Sleep Apnea in
HF Patients?

What is sleep apnea?

Apnea is defined as the cessation of airflow for �10 seconds;
hypopnea is a � 50% airflow reduction without complete ces-
sation. Obstructive sleep apnea (OSA) and hypopnea result
from complete or partial collapse of the pharynx; central sleep
apnea (CSA) results from withdrawal of central drive to the
respiratory muscles. The apnea-hypopnea index (AHI) quan-
tifies the frequency of apneas and hypopneas per hour of
sleep.38,58

The diminished pharyngeal dilator muscle tone at the
onset of sleep leading to OSA is augmented by local adipos-
ity and rostral fluid shift.59,60,61 The cyclic oscillations of
hyperpnea followed by apnea characteristic of CSA com-
mence with lung congestion- or arousal-initiated hyper-
pnea. PaCO2 is driven below the patient’s apneic threshold,
causing withdrawal of central drive to the muscles of respi-
ration, and breathing does not resume until PaCO2 over-
shoots, stimulating another cycle of hyperpnea followed by
apnea. Propensity to both OSA and CSA can be com-
pounded by unstable ventilatory control, secondary to in-
creased chemoreceptor reflex gain,61 which may be present
in up to 40% of patients with HF.62,63

OSA and CSA are both characterized by recurrent oscil-
lations in tidal volume, arterial oxygen and carbon dioxide
tension, sleep state, clustered bursts of sympathetic outflow,
and impaired vagal heart rate modulation.59,64 Repeated
exposure to hypoxia can stimulate the production of reactive
oxygen species and activate mediators of vascular inflamma-
tion.58,65 In addition, OSA is characterized by the repetitive
generation of negative intrathoracic pressure and LV after-
load59,66 at the time when myocardial metabolic gene expres-

sion and metabolic efficiency are at their nadir.67
In a prospective community-based population of 4022
adults followed for a median of 8.7 years, the presence of OSA
was associated with an increased risk of incident HF in men but
not in women.68 Relative to HF patients without sleep apnea,
the life expectancy of those with either OSA or CSA is fore-
shortened.69-72

When should it be suspected?

Because most HF patients with OSA or CSA do not com-
plain of daytime sleepiness73-75 or other features of sleep ap-
nea,59 their presence may not be considered unless a sleeping
partner is also interviewed.

In a recent prospective study in 164 systolic HF patients
referred for formal polysomnography, an AHI � 15 events/h
was detected in the majority, divided equally between OSA and
CSA.71 Of note, at a single time point, individual patients can
be characterized as having predominantly (ie, � 75%) OSA or
CSA,73,76 but this proportion may change if systolic function
worsens or if sleep apnea is treated.77,78 Advances in HF ther-
apy such as �-adrenoceptor blockade and CRT have little im-
pact on the prevalence of either OSA or CSA.71,73,79,80

In men with HF, clues to the presence of OSA are obesity
and drug-resistant hypertension.73,81 The likelihood of OSA is
increased further if these characteristics are present in men with
dilated nonischemic cardiomyopathy, consumers of ethanol,
or nocturnal blood pressure “nondippers” who are identified,
for example, through ambulatory monitoring.82 Women with
OSA are often thin and elderly and present with otherwise
unexplained pulmonary hypertension and tricuspid regurgita-
tion. Following myocardial infarction, the index of suspicion
should be high if there is progressive ventricular dilation de-
spite optimal medical therapy.83 In HF, a relative increase in
septal to posterior wall hypertrophy84 and impaired diastolic
function can be additional clues to the presence of OSA.85,86

CSA tends to be a sign of more severe HF.87 Its likelihood is
highest in elderly hypocapnic men with atrial fibrillation or
pacemakers.73,88 Interestingly, women with systolic dysfunc-
tion rarely develop CSA.73,76,89

In a series of 244 consecutive HF patients with preserved
LVEF, an AHI � 5 events/h was identified in 69%, with
40% classified as having OSA and 29% as having CSA. An
AHI � 15 events/h was present in 48%, with 25% categorized
as having OSA and 23% as having CSA. Sleep apnea was asso-
ciated with greater impairment of diastolic function. Similar to
individuals with impaired systolic function, those with CSA
had a higher average left atrial diameter, LV end-diastolic pres-
sure, pulmonary artery and capillary wedge pressures, and
plasma NT-pro-BNP concentrations.90

How is it diagnosed?

The diagnosis of sleep apnea is established with overnight
polysomnography performed in a sleep laboratory. Current
standards require the concurrent monitoring of sleep struc-
ture, cardiac rhythm, oxyhemoglobin saturation, and
breathing, using noninvasive methods capable of discrimi-
nating between OSA and CSA, such as respiratory induc-
tance plethysmography.91,92 It is not generally appreciated
that in HF, OSA often develops a periodicity resembling
Cheyne-Stokes respiration.93 It is important to establish the

correct diagnosis, because there is concern that in some pa-
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tients, treating CSA with continuous positive airway pres-
sure (CPAP) may increase risk.76,94

How is it treated?

OSA. Nasal CPAP abolishes OSA, restoring almost immedi-
ately the normal fall in blood pressure during sleep.59,82 Sur-
rogate CVD endpoints have been evaluated in small short-term
trials in which patients with OSA receiving contemporary HF
therapy were allocated randomly to CPAP treatment. In the
first of these, 1 month of CPAP reduced significantly the fre-
quency of OSA, daytime sympathetic vasoconstrictor tone, sys-
tolic blood pressure, heart rate, and LV end-systolic dimension
and increased LVEF.74,95 Extension of this trial demonstrated,
only in CPAP-treated patients, a reduction in both urinary
norepinephrine excretion and ventricular ectopy during sleep96

and during wakefulness an increase in heart rate variability97

and its arterial baroreflex modulation.98

Several such observations were replicated independently by
Mansfield et al.,99 and via questionnaire, HF quality of life and
functional indices also improved. A third trial comparing autoti-
tration of positive airway pressure against subtherapeutic CPAP
reported no effect on LVEF,100 but the impact of either interven-
tion on the AHI was not determined. CPAP may also improve
myocardial metabolic efficiency.101 It is unknown whether such
short-term changes have a beneficial impact on survival.

CSA. Although pharyngeal occlusion does not initiate CSA,
CPAP can attenuate CSA and Cheyne-Stokes respiration.
However, reductions in the frequency of CSA tend to be
gradual, require careful uptitration of applied pressure over
days to weeks and are often incomplete.64,76

In small 3-month randomized controlled trials, attenua-
tion of CSA was accompanied by a 30% relative increase in
LVEF, reductions in nocturnal urinary norepinephrine ex-
cretion to those of matched HF patients without apnea,
daytime plasma norepinephrine concentration, and mitral
regurgitant fraction and improved QOL.70,101-104

The Canadian Continuous Positive Airway Pressure for
Patients with Central Sleep Apnea and Heart Failure (CAN-
PAP) trial was a multicentre test of the hypothesis that long-
term treatment of CSA with CPAP in addition to optimal
contemporary medical therapy for HF increases transplan-
tation-free survival.76 This trial was terminated prema-
turely, after 258 patients were randomized, due to a lower-
than-anticipated event rate. Transplantation-free survival
curves by the trial’s end were identical in the 2 arms. How-
ever, patients with suppression of AHI � 15 events/h had
increases in LVEF and heart transplantation-free survival
that were significantly greater (P � 0.001 and P � 0.043,
respectively) than control.105

Adaptive servoventilation (ASV) has been engineered as a
new method of enhancing the efficacy of positive airway
pressure in CSA by sensing and responding appropriately to
changes in breathing pattern. ASV has been shown to sup-
press CSA in patients refractory to CPAP and is as effective
as CPAP for treating OSA.106 In a recent study involving 31
HF patients with OSA or CSA, flow-triggered ASV was
more effective than CPAP in reducing the AHI and had a

greater positive impact, after 3 months, on LVEF.107
Alternatives to positive airway pressure

Short-term studies involving mandibular advancement
devices to alleviate OSA have documented only modest ef-
fects on diastolic blood pressure.108,109 Hyperoxia impairs
acutely ventricular relaxation and elevates filling pressure in
individuals with and without HF;110 in short-term trials,
supplemental oxygen has not been shown to improve the
LVEF or quality of life of patients with CSA.111 In single-
night studies, carbon dioxide inhalation reduced CSA.112

Atrial overdrive pacing strategies have yet to realize their
initial promise;65,113-115 the impact of CRT on sleep-related
breathing disorders has not been tested as a primary out-
come variable in randomized controlled trials.65

When should patients be referred?

There are several reasons why few HF programs routinely
investigate and manage coexisting sleep apnea: its diagnosis
and treatment in general fall outside the expertise and train-
ing of cardiologists, patients rarely complain of excessive
daytime sleepiness, and there are no clinical trial data as yet
demonstrating improved survival and less CVD morbidity
with specific treatment. In those HF patients with docu-
mented OSA and daytime hypersomnolence, there is a clin-
ical indication for referral for sleep apnea treatment. It is less
clear that HF patients with CSA or OSA, without clinical
indication for treatment, will benefit from sleep apnea treat-
ment.

RECOMMENDATION

We recommend that physicians treating patients with
HF encourage greater involvement in their programs of
experienced sleep physicians and sleep laboratories with
demonstrated capacity to discriminate between OSA and
CSA using contemporary diagnostic standards (Weak
Recommendation, Moderate-Quality Evidence).

We recommend CPAP for symptom relief for HF pa-
tients with OSA either who are limited by daytime hy-
persomnolence (Strong Recommendation, Moderate-
Quality Evidence) or whose OSA initiates arrhythmias
including atrial fibrillation (Weak Recommendation,
Moderate-Quality Evidence).

We recommend that treatment of CSA by CPAP be
considered only by personnel at centres experienced with
CSA evaluation and suppression (Strong Recommenda-
tion, High-Quality Evidence).

Practical tip. Because the prevalence of coexisting OSA and
CSA in patients managed by HF programs remains �50%
despite contemporary medical and device therapy and be-
cause most HF patients with sleep apnea do not complain of
daytime sleepiness, their evaluation should include inquiry
from sleep partners into witnessed apneas, airway obstruc-
tion, and oscillating breathing patterns during sleep.

Consider OSA in HF patients presenting with paroxys-
mal or recurrent atrial fibrillation, hypertension refractory
to optimal HF therapy, high body mass index (BMI), and
unanticipated pulmonary hypertension or right ventricular

(RV) dysfunction.
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Consider the coexistence of sleep-related breathing disor-
ders in HF patients when malignant ventricular arrhythmias
are detected, particularly at night.

When a Patient Advances to the Terminal Stages
of HF, Palliative Care Assumes an Active and
Important Role

What is palliative care, and why should palliative care
be used for HF patients?

Palliative care is defined as the promotion of physical and
psychosocial health, regardless of diagnosis or prognosis.116

There is growing consensus that the need for optimal palli-
ative care extends to persons suffering from chronic, ad-
vanced noncancerous conditions such as HF.117 HF pa-
tients often suffer from a substantial burden of noncardiac
problems that go unaddressed118-122 (Supplemental Table
S2).

The majority of palliative care recipients in Canada have
cancer and barriers to provision of palliative care in HF are
outlined elsewhere.117 One important barrier is the prog-
nostic uncertainty and variable illness trajectory of HF123;
although there are tools that may provide some prognostic
guidance (Supplemental Table S3), predicting mortality in
an individual HF patient remains difficult.124-131

Accordingly, the CCS recommendations on HF have ad-
opted a definition for palliative care (Table 5) that is based on
the World Health Organization (WHO) definition but is
modified to reflect the realities of HF management.132,133

How should discussions about end-of-life planning
and palliative care be conducted?

The goal of advance care planning (ACP) (Table 6) is to
ensure that if a patient with a serious illness can no longer
communicate treatment preferences, there is sufficient infor-
mation available to provide care consistent with the patient’s
goals and values. While the objective is clearly desirable, the
process can be difficult:134 (1) generic statements are too vague
to guide decisions; (2) with illness progression, patients can
adapt to a state of health they previously feared, thus reconsid-
ering treatments previously considered undesirable; and (3)
unprepared surrogate decision-makers may rely on their own
wishes at a time of crisis or feel compelled to honour prior
commitments despite the inordinately high caregiver burden
that results.

Table 5. Definition of palliative care

Palliative care is a patient-centred and family-centred approach that
improves the quality of life of patients and their families facing the
problems associated with life-threatening illness, through the
prevention and relief of suffering by means of early identification and
impeccable assessment and treatment of pain and other problems,
physical, psychosocial and spiritual. It is applicable early, as well as
later, in the course of illness, in conjunction with other therapies that
are intended to prolong life, including but not limited to in the
setting of heart failure, oral pharmacotherapy, surgery, implantable
device therapy, hemofiltration or dialysis, the use of intravenous
inotropic agents, and ventricular assist devices.

Adapted from the WHO definition for palliative care,

http://www.who.int/cancer/palliative/definition/en
ACP discussions involving a surrogate decision-
maker135,136 are ongoing and should foster a sense of the
patient remaining in control.135 Most patients wish to be
involved in ACP, preferably when they are still relatively
well.137-139 While many clinicians are concerned that a hos-
pitalization for an acute HF episode may not be an appro-
priate time for discussion, patients are more inclined to
consider their future when acutely ill and thus are most
receptive to discussion at those times.140,141 Most patients
are generally comfortable discussing end-of-life issues, as
long as information is presented honestly and balanced with
hope.137,139,142,143 The process should involve a surrogate
decision-maker early, particularly regarding leeway should a
patient’s previously expressed treatment wishes place an un-
due burden or risk on them or the decision-maker.134,142

How should I talk to my patient about end-of-life
planning?

The first step in the proposed framework is to assess patient
readiness to participate in such discussions.134 Supplemental
Table S4 provides examples of “opening lines” that could be
used in assessing patient readiness.

Once patients engage in the process of end-of-life plan-
ning, the framework outlines the conduct of subsequent
discussions134 (Supplemental Table S5). The longitudinal
relationship with a trusted clinician, preferably with train-
ing in effective communication skills, may facilitate such
conversations.144-147

How should the needs of HF patients be assessed?

Potentially reversible suffering can occur in HF patients
with years to live, and conversely, not all death is associated
with complex suffering.120,121,140 Palliative care interventions
should be provided in response to patient needs and not be
limited to individuals considered to be at end-of-life. Generic
and HF-specific tools have been developed to assess the patient
needs.148-158 A meta-analysis evaluating 5 HF-specific quality
of life questionnaires suggests there was no compelling evi-
dence to recommend one tool over another.159 Supplemental
Table S6 provides a summary of HF disease-specific tools and
generic/cancer tools that may be applicable in HF patients and
for caregiver needs.160

How should the symptoms associated with HF be
managed?

It is important to ensure that all potential HF-specific
therapies have been considered for patients with advanced
HF.1 Discontinuation of unnecessary medications should
be considered.161 In addition, insertion of devices, use of

Table 6. Advance care planning definition

Advance care planning (ACP) is a process whereby a patient, in
conversation and reflection with family members, important others,
and health care providers, makes decisions about future health care.
ACP is a process of reflection on and communication of a person’s
goals, values, and preferences for future health care, to be used
should they become incapable of giving informed consent. ACP can
encompass rich conversations, which go beyond “to resuscitate or not
to resuscitate” and may include meanings and fears around illness
and dying, preferences for after death rituals, and spirituality.
inotropic infusions, and dialysis should only proceed after

http://www.who.int/cancer/palliative/definition/en
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exploring the circumstances in which the patient might
want these discontinued, as well as other alternatives such as
comfort-focused care.

Generic symptom relief strategies may be applied concur-
rently with HF management (Supplemental Table S6). The
evidence base for these strategies is primarily derived from can-
cer care. Opioids may be preferred over benzodiazepines for
dyspnea.162,163 Functional impairment is common at the end-
of-life and a significant source of distress.164 All patients with
NYHA I to III HF should be referred to cardiac rehabilitation.1

Emerging evidence suggests that tailored exercise programs
may lead to improvements in quality of life even among HF
patients nearing the end of life.164

Supplemental Table S7 reflects common Canadian pallia-
tive care practice.165 Cardiac-specific palliative treatment algo-
rithms have been developed but not validated.166,167 The use
of end-of-life care pathways may improve the quality of care for
dying patients.168

How should the care of patients with HF be
organized?

The Canadian Heart Health Strategy and Action Plan out-
lines a strategy to reduce the growing burden of CVD in Can-
ada and has endorsed the chronic care model (CCM) as the
optimal framework to ensure timely access to cardiac rehabili-
tation and end-of-life care.169-171 Within the CCM, care is
patient-centred and builds on six evidence-based core elements
designed to work together to improve health outcomes172

(Supplemental Table S8).
Promoting self-care is a key component of CDM.173 In

advanced HF, self-care activities may include maintaining a
safe home environment or implementing measures for treat-
ing distressing symptoms at home rather than in the hospi-
tal.174 Evidence supporting the CCM comes from a ran-
domized controlled trial of an in-home palliative care
program for older patients, 33% with HF.175 The interven-
tion was based on self-management support provided by an
interdisciplinary team including a physician, nurse, and so-
cial worker providing home-based assessment and ongoing
care planning, delivery, and coordination. The intervention
resulted in a significant decrease in emergency department
visits, hospitalizations, and in-hospital deaths.

RECOMMENDATION

We recommend that clinicians looking after HF pa-
tients should initiate and facilitate regular discussions
with patients and family regarding advance care planning
(Strong Recommendation, Low-Quality Evidence).

Practical tip. The timing of discussions should strongly con-
sider the high mortality rate in the year following a first HF
hospitalization.

A surrogate decision-maker should be identified early and

regularly participate in these discussions.
RECOMMENDATION

We recommend that the provision of palliative care to
patients with HF should be based on a thorough assessment
of needs and symptoms, rather than on individual estimate
of remaining life expectancy (Strong Recommendation,
Low-Quality ofEvidence).

We recommend that the presence of persistent advanced
HF symptoms (NYHA III-IV) despite optimal therapy be
confirmed, ideally by an interdisciplinary team with exper-
tise in HF management, to ensure appropriate HF manage-
ment strategies have been considered and optimized, in the
context of patient goals and comorbidities (Strong Recom-
mendation, Low-Quality Evidence).

We recommend an interdisciplinary CCM for the organi-
zation and delivery of palliative care to patients with advanced
HF (Strong Recommendation, Low-Quality Evidence).

When the Patient Is in Severe or Terminal HF:
What Can Mechanical Circulatory Support
Devices Do for Them?

What is mechanical circulatory support?

Mechanical circulatory support (MCS) is a group of tech-
nologies that increase forward cardiac output in patients.176-178

Intra-aortic balloon pump counterpulsation, although techni-
cally a form of MCS,179 is now used only when a rapidly available
therapy is needed for a very limited cardiac augmentation. MCS
therapies consist of ventricular assist devices (VADs) that augment
or replace the ventricle. They may be used to assist the right ven-
tricle (RVAD), LV (LVAD), or both ventricles (BiVAD).176 The
choice depends on the clinical presentation.

What is the purpose of MCS?

The Interagency Registry for Mechanically Assisted Cir-
culatory Support (INTERMACS) group has published a
classification for the clinical presentations of advanced HF
to be used for determination of the timing for potential
MCS therapy (Supplemental Table S9). In general, MCS
should be considered for patients with advanced HF or rap-
idly progressing HF who don’t respond to standard treat-
ment.180,181 Since such patients may suddenly and unpre-
dictably become too ill for even MCS, referral for MCS
should be made early on.182

MCS may be offered as either short- or long-term
therapy (Supplemental Table S10)

Short-Term. These devices are generally utilized for acute
clinical presentations to allow time (a few hours to a few days)
to determine if transition to transplantation, a long-term de-
vice, or explantation is appropriate.183-187 Examples include
extracorporeal membrane oxygenation (ECMO),188-192 surgi-
cally implanted pumps,193-195 and percutaneous or surgically
implanted devices.196,197

Long-Term. These devices are used for longer term support,
are more reliable, provide better cardiac support, and are asso-

ciated with fewer complications.176,198
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First-generation VADs consisted of an inflow cannula
from the ventricle to a chamber, which, when filled, would
then empty into an outflow cannula affixed to the ascending
aorta.178,199-203 Second- and third-generation VADs still re-
quire percutaneous drive lines but are nonpulsatile in nature,
have fewer moving parts, and demonstrate significantly im-
proved ease of implantation, use, and follow-up as well as du-
rability to over 5 years.204-214 At present, only LV support is
feasible for long-term support. Supplemental Table S11 indi-
cates a general framework for insertion of an MCS.

MCS may be offered as 1 of 5 strategies

The use of MCS is indicated in 5 different situations: (1)
bridge to decision is used primarily with short-term devices; (2)
bridge to recovery provides support until recovery when the
device is explanted; (3) bridge to transplantation (BTT) is most
common and supports the patient until transplantation;209,215-

218 and (4) bridge to candidacy (BTC) are potentially eligible
for transplant, and receive MCS until they become eligible. If
they remain ineligible, a decision is made to terminate MCS or
to continue as destination therapy (DT); (5) DT is long-term
MCS for patients who are ineligible for transplant but other-
wise have a good life expectancy.

Provision of MCS to patients with advanced HF im-
proves function in nearly every major organ, provided irre-
versible injury has not occurred.219 Less than 5% of patients
have the device removed without transition to transplanta-
tion.183,184,186,220-222

Additionally, studies have shown MCS for patients with
selected contraindications for transplantation may result in re-
versal of these conditions and transplantation is no longer con-
traindicated.178,201,206,207,223-232 Studies have suggested MCS
may be superior to inotrope infusion in inotrope-dependent
patients awaiting transplantation and where wait times for
transplantation may be very long.230,233

The use of DT is increasing because of unsuccessful at-
tempts at BTC or direct DT.208,234-239 To date, only 2 ran-
domized studies have reported on the use of MCS in transplan-
tation-ineligible patients.

In the multicentre Randomized Evaluation of Mechanical
Assistance for the Treatment of Congestive Heart Failure trial
(REMATCH), 129 patients with end-stage HF, not eligible for
cardiac transplantation, were randomized to MCS (HeartMate
XVE) or medical therapy.240,241 The 1-year survival rates were
52% in the MCS group and 25% in the medical group (P �
0.002); at 2 years, rates were 23% and 8% (P � 0.09), respec-
tively, with improved quality of life.231,242 Unfortunately, at 2
years, survival in the VAD group was � 10%, with most mortality
arising from multiple organ failure, stroke, infection, or device failure.

The continuous-flow VAD has led to a significant improve-
ment in outcomes204,243-245 with several devices available,246-249

although in Canada the most common one is the HeartMate
II.197,238,250 In a randomized trial of 200 HF transplant ineli-
gible patients the HeartMate II was compared to the Heart-
Mate XVE.251 The primary endpoint of freedom from dis-
abling stroke or reoperation for repair or replacement of the
device at 2 years was significantly lower in the HeartMate II
group (46% vs 11%, P � 0.001). Cost analysis of the Heart-
Mate XVE, compared with medical therapy, demonstrated a
cost per life-year saved of US$50,000-US$100,000, which

compares favourably to renal replacement therapy.252 The es-
timated cost of the medical therapy group over the course of the
study exceeded US$150,000, illustrating the enormous costs
associated with medical treatment for end-stage HF.253

Most studies have excluded patients who represented very high
operative risk or those with other comorbidities that adversely
affect long-term outcomes.180,181,194,221,243,244,250,254-269 Bleed-
ing diathesis, presence of multiorgan failure, presence of multiple
comorbidities, and need for RV support are highly predictive of
poor outcomes. Advancing age is also a risk factor, but this is based
on a small number of recipients aged � 75 years.262,263

Who should provide MCS therapy?

There arevirtually no data regarding short- or long-term
outcomes of MCS therapy outside those with a large volume of
experience in the treatment of advanced HF.197,238,270 Analysis
of the INTERMACS registry suggests that centres with annual
VAD volumes of � 5 cases have worse outcomes.182,220,222

What are the problems associated with MCS?

In most high-volume MCS centres, early survival of MCS
surgery approaches 85%-90%, depending upon patient selec-
tion. Thus, for long-term implantations, most mortality now
occurs later. Complications following institution of MCS may
be divided into those occurring early (the perioperative period
out to 30 days) and late (any time after 30 days).

The early complications are as follows. Postoperative bleed-
ing is the most common problem (up to 50%-60%) and is
frequently implicated in early death.178,197,204,209,248,271-277

Vascular injury can occur due to insertion either percutane-
ously or via surgical cutdown and increases with the duration of
support.176,244 RV failure following the institution of left-
sided MCS is of particular concern, as the mortality dramati-
cally rises.193,194,258,260,261,267,278-280 Patients are as prone to
the usual array of postoperative infections as are any other car-
diac surgical patient.281-283 The majority present in a low-flow
state, which frequently compromises end-organ function. This
complication is associated with � 50% mortality and is most
frequently a consequence of late referral.

The late complications following MCS surgery222,259 are
as follows. Thromboembolism and bleeding, with continu-
ous-flow devices, is seen in �10% of cases.204,248 Bleeding
complications are more common with continuous-flow de-
vices, due to platelet dysfunction and development of arte-
riovenous malformations, primarily in the gut.276,284 He-
molysis is common but usually minor.285 Infection is a
common complication.202,259,286-290 In general, with newer
devices, rates of malfunction will be �10% per year of fol-
low-up.251 MCS patients are prone, through a number of
mechanisms, to the generation of allosensitization226,233

leading to incompatibility or rejection of transplanted
hearts.218 The aortic valve may also fuse and develop aortic
stenosis or insufficiency.236,256,291-294 Despite these compli-
cations, reports suggest 2-year survival with MCS ap-
proaches 60%, which compares favourably to patients with
moderately severe HF without MCS.231,237

Special Considerations in Patients With
Continuous-Flow Devices

Several physiologic changes occur in the circulation that will

affect the manner in which patients are examined and followed.
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Measurement of systemic pressure requires a blood pressure
cuff and Doppler probe, which will provide a mean blood
pressure.252 VADs are afterload dependent and thus it is im-
portant that mean blood pressure is � 90 mm Hg and prefer-
ably � 85 mm Hg.

A survey of high-volume MCS centres with an estimated
combined patient-year exposure to MCS of � 200 years found
there were no reported cases of a sudden loss of conscious-
ness.295 Thus, driving short distances may be safe and feasible
for stable ambulatory patients, provided device battery charge
is adequate.

RECOMMENDATION

We recommend that patients with either acute severe or
chronic advanced HF and with an otherwise good life ex-
pectancy be referred to a fully equipped cardiac centre for
assessment and management by a team with expertise in the
treatment of severe HF, including MCS (Strong Recom-
mendation, Moderate-Quality Evidence).

We recommend MCS be considered for patients who are
listed for cardiac transplantation and who deteriorate or are
otherwise not likely to survive until a suitable donor organ is
found (Strong Recommendation, Moderate-Quality Evi-
dence).

We recommend that MCS be considered for patients for
whom there is a contraindication for cardiac transplantation
but may, via MCS, be rendered transplant eligible (Strong
Recommendation, Low-Quality Evidence).

We recommend that patients with fulminant HF be con-
sidered for temporary MCS to afford an opportunity for eval-
uation for long-term options (Strong Recommendation, Mod-
erate-Quality Evidence) (Supplemental Table S10).

We recommend permanent MCS be considered for
highly selected transplant ineligible patients (Weak Recom-
mendation, Moderate-Quality Evidence).

Values and preferences. This recommendation places a
high value on the potential variability of patient preference
as well as the need to interact with the patient to ensure the
choice reflects the patient’s values, with less value on the
effectiveness of therapy.

RECOMMENDATION

We recommend that institutions providing MCS ther-
apy develop a policy regarding DT within the conventions,
resources, and philosophy of care of their organization
(Weak Recommendation, Low-Quality Evidence).

We recommend that ambulatory patients with MCS
therapy who are discharged from hospital and who have had
minimal HF symptoms or ventricular arrhythmias for a pe-
riod of at least 1 month be considered candidates for oper-
ation of a personal motor vehicle for a period not exceeding
two thirds of the known battery charge time (Weak Recom-
mendation, Low-Quality Evidence).

Practical tip

Candidacy for MCS. Candidates are patients with advanced HF,

including those, despite optimal treatment, continuing to ex-
hibit NYHA IIIb or IV HF symptoms AND accompanied by
MORE THAN ONE OF the following:

● LVEF � 25% and, if measured, peak exercise oxygen
consumption �14 mL/kg/min

● Evidence of progressive end organ dysfunction due to
reduced perfusion not due to inadequate ventricular fill-
ing pressures

● Recurrent HF hospitalizations (� 3 in 1 year) not due to
a clearly reversible cause

● Need to progressively reduce or eliminate evidence-based
HF therapies such as ACE inhibitors or �-blockers, due
to symptomatic hypotension or worsening renal function

● Requirement for inotropic support

MCS-performing centres. Cardiac centres that perform MCS
should have adequate manpower and resources for support of
patients requiring MCS support. These include:

● An identified and adequately trained multidisciplinary
MCS team

● Access to the full array of medical and surgical consulta-
tive support, and institutional administrative and finan-
cial support

● Expertise in MCS implantation, follow-up, and
explantation

Conclusions
Recent studies have confirmed the use of CRT and aldoste-

rone receptor blockade even in patients with less symptomatic
HF. The importance of heart rate lowering has been high-
lighted, and an agent such as ivabradine, once marketed in
Canada, may have the potential to further reduce morbidity in
patients with persistently elevated heart rates. Sleep apnea
should be considered in HF patients and, when indicated, as-
sessment should be undertaken in a qualified sleep laboratory.
The field of palliative care is reviewed. Once emphasized only
in cancer, palliative care plays an important role in the man-
agement of patients with advanced HF. Finally, the rapidly
expanding field of MCS is reviewed with respect to the current
indications for treatment.
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