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Introduction 

The Canadian medical community in general, and the Canadian Cardiovascular Society 

(CCS) in particular, have played a major role in promoting evidence based clinical practice in 

Canada.  The Heart Failure Guideline Consensus Panel of the CCS published one of the first 

national guidelines on the clinical evidence for the diagnosis and treatment of heart failure in 

1994 and published a comprehensive update in the Canadian Journal of Cardiology in December 

of 2001. 

However, since then, additional provocative but well conducted clinical trial evidence has 

emerged in the diagnosis and therapy for heart failure.  For example, while the evidence is strong 

in its own right, devices such as automatic implantable defibrillators (AICDs) and point of care 

brain natriuretic peptide measurements have been approved for clinical use in Canada, yet their 

specific role in clinical practice has not been clearly defined.   

In order to facilitate the integration of the latest research evidence into clinical practice 

guidelines in a timely manner, while taking into account of the specific attributes of the Canadian 

health care system, the CCS Council has granted permission for the consensus panel to conduct a 

regular but timely update of specific topics in heart failure.  This is not meant to replace the 

previous versions of CCS guidelines, but only to provide consensus evaluations for topics of new 

and immediate interest within the medical community.  While the scope of the update is limited, 

the same due diligence with respect to the inclusion of individuals with expertise in cardiac 

transplantation, arrhythmias, pharmaceutical sciences, clinical trials, guideline dissemination and 

professional education were carefully observed.  The group has again conducted a systematic 

Medline search, obtained ongoing Cochrane collaborative reviews and copies of the currently 

available U.S. and European heart failure guidelines.  The evidence was then evaluated 

according to the criteria below, and the consensus statements were proposed, debated, revised 

and voted on using conference calls and face to face meetings.  The document was peer reviewed 

through the entire CCS membership using an established successful electronic dissemination 

system.  Suggestions were then evaluated by the panel and incorporated into the final document.  

Emphasis of this update has remained on patients with chronic symptomatic heart failure. 

The preparation of this guideline update was supported only by the Canadian 

Cardiovascular Society without the influence or funding from any company. 

 

 

Levels of Evidence 
 
These levels of evidence are those developed and endorsed by the Canadian Medical 

Association, and are briefly outlined here. 

Grade A Recommendation 

• Level 1 evidence:  Large scale randomized trials or meta-analysis with clear cut 
results 

 

Grade B Recommendation 

• Level 2 evidence:  Small scale randomized trials or meta-analysis with less certain 
results 
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Grade C Recommendation 

• Level 3 evidence:  Non-randomized contemporaneous controls 

• Level 4 evidence:  Non-randomized historical controls 

• Level 5 evidence:  Case series and expert opinion 

 

Emphasis of the Importance of Angiotensin Converting Enzyme 

Inhibitors and Beta Blockers in Heart Failure 

The major and dramatic change in the treatment of heart failure in the last half decade has 

been the overwhelming clinical evidence of the benefit of angiotensin converting enzyme (ACE) 

inhibitors in combination with carefully titrated doses of beta blockers in the treatment of all 

patients with chronic systolic heart failure.  The previous update of the guideline in 2001 

carefully documented the major impact of this combination in decreasing mortality and 

improving quality of life.  The publication of new trials in the last year has highlighted the 

continued important role for ACE inhibitors. The impact of beta-blockers extends across the 

entire symptomatic spectrum of systolic heart failure, and most major clinical trials involving 

beta blockers have been stopped early because of overwhelming benefit.  The careful but 

deliberate addition of beta blockade to ACE inhibitors in stable patients with systolic heart 

failure, often in the context of a heart failure/function clinic, has transformed the natural history 

of the disease. 

 

Recommendations:   

Angiotensin Converting Enzyme (ACE) Inhibitors 

� ACE inhibitors should be prescribed as soon as safely possible following 
acute myocardial infarction for all patients (unless contraindicated or not 
tolerated) and continued for at least 6 weeks.  Therapy should be continued 
indefinitely in those with either left ventricular ejection fraction (EF)< 40%, or 
who have shown clinical evidence of, even if only transient, congestive heart 
failure.  (Grade A, Level 1) 

� ACE inhibitors should be prescribed as soon as safely possible for all 
asymptomatic patients with moderate to severe left ventricular dysfunction 
(e.g. EF <35%), unless contraindicated or not tolerated.  (Grade A, Level 1) 

� ACE inhibitors should be prescribed for all patients with symptomatic 
congestive heart failure and EF <40%, NYHA Functional Class II-IV, unless 
contraindicated or not tolerated.  (Grade A, Level 1) 

� The target ACE inhibitor dose should be either the dosage regimen used (for 
specific ACE inhibitors where data exists) in placebo controlled mortality 
trials, or the maximum tolerated (or recommended) dose for those ACE 
inhibitors for which no mortality data exists.  (Grade A, Level 1) 
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Practical Tips on ACE Inhibitors: 

� The literature concerning ACE inhibitors and LV dysfunction is consistent 
with an overall class effect.  There is no evidence to suggest a ‘best’ ACE 
inhibitor, however captopril, enalapril, ramipril, lisinopril, have been 
evaluated in outcome trials of heart failure and in LV dysfunction.  It is likely 
more important to use ACE inhibitors in higher doses than are often used in 
clinical practice.   

� Specialist physicians treating HF or LV dysfunction generally prescribe ACE 
inhibitors to patients with serum creatinine <220 umol/L and potassium <5.5 
mmol/L without postural hypotension or a history of angioedema due to ACE 
inhibitors. 

� Introduction of ACE inhibitors in graduated doses when the patient is either 
normovolemic or slightly volume overloaded will avoid the unnecessary 
hypotension or renal dysfunction seen in hypovolemic patients. 

 

Recommendations:  

β-Adrenergic Receptor Blockers  

• Beta-adrenergic receptor blockers are strongly recommended in all patients 

with NYHA class II - III heart failure, and left ventricular ejection fraction ≤ 40% 
to reduce mortality, hospitalizations, improve cardiac function and quality of 
life, unless contraindicated (Grade A, Level 1). 

• Beta-blockers are also indicated in patients with stable class IV heart failure 
patients following the COPERNICUS trial (Grade A, Level 1).  Keeping in mind 
that the class IV Heart failure patient is a moving target, and the patient must 
be stable before considering beta-blockers. 

• Beta-blockers are also recommended for patients with LV systolic dysfunction 
who are asymptomatic in NYHA I with LVEF<40%, particularly post myocardial 
infarction (Grade A). 

 

 

 

Angiotensin Receptor Blockers in Heart Failure  

and Myocardial Infarction  
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Angiotensin Receptor Blockers in Heart Failure  
 
 

Recommendations: 

• Current evidence has shown angiotensin receptor blockers (ARBs) to be 
neither superior nor equivalent to ACE inhibitors in the treatment of heart 
failure due to LV systolic dysfunction. As such, ACE inhibitors remain the first 
therapy of choice.  (Grade A, Level 1) 

• ARBs may be considered, as alternatives to ACE inhibitors in cases where 
ACE inhibitors clearly cannot be tolerated. (Grade B, Level 2) 

• ARBs may be considered as adjunctive therapy to ACE inhibitors when beta-
blockers are either contraindicated, or not tolerated after careful attempts at 
initiation.  (Grade A, Level 1) 

 
Practical Tips:   

• Contraindications and side-effects to ARB therapy are similar to those for ACE 
inhibitors though cough not due to pulmonary congestion is less frequent.  
Studies evaluating ACE/ARB combination therapy in LV dysfunction generally 
include patients with serum creatinine <220 umol/L, and potassium <5.0 
mmol/L and systolic BP >90 mmHg. 

• The risk of angioedema with ARBs is not known, but case reports have been 
published.  Clinical judgment should be used when considering ARBs in 
patients who have a history of angioedema related to ACE inhibitors. 

• Current evidence does not support routine concurrent use of triple therapy 
with beta-blockers, ACE inhibitors and ARBs for patients with systolic heart 
failure.  However, patients with advanced symptoms who are on maximal 
therapy and who have adequate renal function and blood pressure may be 
referred for consideration of combination therapy with ACE inhibitors and 
ARBs.  This should be initiated by a clinician experienced in the management 
of heart failure. 

       

 

 

Evidence and Rationale 
 

Despite the theoretical superiority of angiotensin receptor blocker (ARB) over an ACE inhibitor 

in counteracting the deleterious effects of the renin-angiotensin-aldosterone system, the clinical 

efficacy of ARBs in reducing mortality and morbidity in patients with heart failure has not been 

proven to be superior.   The unexpected mortality benefit of losartan over captopril observed in 

the ELITE (Evaluation of Losartan in the Elderly) trial
1
 had been refuted by the much larger 

ELITE II trial
2
 which showed no difference in all-cause mortality between heart failure patients 

randomized to losartan and those randomized to captopril. Although ELITE II and other trials 

predating it had not shown either superiority or equivalency of ARBs as compared with ACE 

inhibitors in improving clinical outcomes, data from the more recent Val-HeFT (Valsartan Heart 
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Failure Trial) study
3
 suggested there might be a role for the combination ARB/ACE inhibitor 

therapy for the treatment of heart failure.  

 

In the Val-HeFT trial, 5010 patients with ejection fraction <40% and NYHA Class II to IV heart 

failure were randomized to receive either valsartan, up to 160mg BID, or placebo. Background 

ACE inhibitors and beta-blockers were given in 93% and 35% of the cohort respectively. The 

mean dose of valsartan achieved was 254mg. After an average follow-up duration of 23 months, 

no difference was observed in the primary endpoint of all-cause mortality between the two 

groups (19.7% versus 19.4%, HR 1.02, P=0.80). There was a significant reduction favoring the 

valsartan group as compared with placebo in the primary combined endpoint of mortality and 

morbidity, the latter of which was defined as cardiac arrest with resuscitation, hospitalization for 

heart failure, or administration of intravenous inotropic or vasodilator drugs without 

hospitalization (28.8% versus 32.1%, HR 0.87, P=0.009). The benefit of valsartan was largely 

attributed to a 24% risk reduction in hospitalizations for worsening heart failure (P<0.001). No 

difference was observed in the primary endpoint of all-cause mortality between the two groups 

(19.7% versus 19.4%, HR 1.02, P=0.80). 

 

Subgroup analyses suggested that the response to valsartan might be influenced by the number of 

neurohormonal inhibitors given as background therapy. In the subgroup of 366 patients who 

were not treated with ACE inhibitors at baseline (with or without concomitant beta-blockers), 

there was a 33% risk reduction in mortality (P=0.02) and a 44% risk reduction in the combined 

endpoint of mortality and morbidity in favor of the valsartan group (P<0.001)
4
. On the contrary, 

in the subgroup of 1610 patients who were treated with both ACE inhibitors and beta-blockers at 

baseline, valsartan had an adverse effect on mortality (P=0.009) and was associated with a trend 

toward an increase in the combined endpoint of mortality and morbidity (P=0.10). At present, it 

remains unclear whether the adverse effects of valsartan observed in this subgroup are real or 

due to a play of chance.  

 

However, the ongoing VALIANT study in post myocardial infarction patients with low EF or 

heart failure has enrolled over 10,000 patients who are on beta blockers.  One third of these 

patients have been randomized to combination therapy, including captopril 50 mg tid and 

valsartan 80 bid.  The Data and Safety Monitoring Committee has not stopped or altered this trial 

prematurely, and the results are expected later in 2003.  The ongoing CHARM (Candesartan in 

Heart Failure—Assessment of Reduction in Mortality and Morbidity) study
5
 comparing 

candesartan with placebo in patients with a broad spectrum of heart failure also included a 

substantial number of subjects on both ACE inhibitors and beta-blockers.  These two trials 

should help to clarify any potential interaction between ARBs and other neurohormonal 

inhibitors, and are expected to be reported in 2003. 

 

A meta-analysis of 17 trials involving 12,469 patients in which five ARBs were studied 

(losartan, candesartan, valsartan, irbesartan, and eprosartan) had concluded that ARBs were not 

superior to ACE inhibitors in reducing adverse clinical outcomes in patients with heart failure 

and LV systolic dysfunction
6
. Overall, there was no difference between ARBs and controls in the 

pooled rates of death (OR 0.96, 95% CI 0.75 to 1.23) or hospitalization for heart failure (OR 

0.86, 95% CI 0.69 to 1.06). Stratified analysis, however, showed a non-significant trend in 

benefit toward ARBs over placebo in reducing mortality (OR 0.68, 95% CI: 0.38 to 1.22) and 
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hospitalization (OR 0.67, 95% CI: 0.29 to 1.51) when ARBs were given in the absence of ACE 

inhibitor therapy. ARBs, when compared directly with ACEIs, were not superior in reducing 

either mortality (OR 1.09, 95% CI: 0.92 to 1.29) or hospitalization (OR 0.95, 95% CI: 0.80 to 

1.13). In contrast, the combination therapy of ARBs and ACE inhibitors was superior to ACE 

inhibitors alone in reducing hospitalization (OR 0.74, 95% CI: 0.64 to 0.86) but not mortality 

(OR 1.04, 95% CI: 0.91 to 1.20). It should be noted that the results of this meta-analysis were 

largely driven by the results of ELITE II and Val-HeFT. The stratified analyses on 

hospitalization outcomes were also based on only a small number of trials, thus limiting the 

power of the meta-analysis to detect smaller but potential clinically meaningful benefits of 

ARBs. 

 

The preponderance of evidence supports ACE inhibitors as the therapy of choice over ARBs in 

patients with heart failure and LV systolic dysfunction. Additionally, highest priority should be 

given to the initiation of ACE inhibitors and beta-blockers in all systolic heart failure patients.  

Caution is also warranted when considering combination of ARBs and ACE inhibitors in patients 

already receiving beta-blockers. In patients with mild to moderate heart failure who are on either 

ACE inhibitors or beta-blockers but cannot tolerate both, the addition of ARBs as adjunctive 

therapy should be considered. 

 

At present, there are no published morbidity and mortality data from large-scaled clinical trials 

on the use of ARBs in patients with heart failure and preserved LV systolic function (ejection 

fraction >40-45%), also referred to by some as diastolic heart failure. Clarification of the role of 

ARBs in diastolic heart failure must await the results from two ongoing randomized placebo-

controlled studies— CHARM
5
 (Candesartan in Heart Failure—Assessment of Reduction in 

Mortality and Morbidity) with candesartan, that included a study arm of patients with preserved 

systolic function, and I-PRESERVE (Irbesartan in Heart Failure with Preserved Systolic 

Function) with irbesartan.  In the absence of trial data, no evidence based recommendations can 

be given to guide the use of ARBs in patients with diastolic heart failure at this time. Treatment 

of the underlying cause such as hypertension, diabetes or ischemia remains the primary focus 

along with symptomatic control. 

 

Angiotensin Receptor Blockers Post Acute Myocardial Infarction 
 

 

Recommendations: 

• Current evidence does not support angiotensin receptor blocker therapy as 
superior, or equivalent to ACE inhibitor therapy in patients with heart failure or 
EF<40% within 10 days following acute myocardial infarction.   As such, they 
are not recommended as routine therapy for patients following acute 
myocardial infarction (Grade A, Level 1) 

• ACE inhibitors remain the drug of choice early after a myocardial infarction 
 
Practical Tips:   

• Consideration may be given to the use of an angiotensin receptor blocker in 
those patients post myocardial infarction with high risk features as outlined 
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above, who are truly intolerant of ACE inhibitors (e.g. due to severe cough), 
although there are no data proving their efficacy in this group. 

       

Evidence and Rationale 
 

The OPTIMAAL (Optimal Trial in Myocardial Infarction with the Angiotensin II Antagonist 

Losartan) is the only published randomized trial of an ARB in patients with clinical heart failure 

or left ventricular systolic dysfunction following acute myocardial infarction
7
. In this 

multicentre, randomized, controlled trial, 5477 high risk patients (with confirmed myocardial 

infarction and either symptoms of heart failure in the acute phase, ejection fraction <35%, 

reinfarction, or Q-wave anterior infarction) 50 years of age or older were randomized within 10 

days of their qualifying event to receive captopril 50mg tid or losartan 50mg od. The study was 

designed to determine if losartan was either superior (by 20% or more) or non-inferior (by 5% or 

less) to captopril on a primary endpoint of all cause mortality. 

 

 Over an average of 2.7 years of follow-up, the relative risk for all-cause mortality was 1.13 

(95% confidence interval 0.99-1.28) for losartan as compared with captopril.  This also did not 

meet the investigators’ criteria for declaration of non-inferiority of losartan. Secondary outcome 

measures of sudden cardiac death or resuscitated cardiac arrest (relative risk 1.19, 95% 

confidence interval 0.99-1.43), total cardiovascular deaths (relative risk 1.17, 95% confidence 

interval 1.01-1.34), and myocardial reinfarction (relative risk 1.03, 95% confidence interval of 

0.89-1.18) also showed no benefit of losartan over captopril.  

 

Another larger ongoing trial, the Valsartan in Acute Myocardial Infarction Trial (VALIANT), 

randomized patients with clinical heart failure or resting LV systolic dysfunction (EF <40%) will 

be randomized to valsartan 160 mg po bid, captopril 50 mg po tid or valsartan 80 mg po bid plus 

captopril 50 mg po tid.  This trial includes over 14,500 patients after recent myocardial 

infarction
8
 and will be reported in mid 2003. 

 

It is currently unknown whether ARBs are superior to placebo in these patients.  Similarly, there 

are no data of the effects of ARBs in patients following myocardial infarction who do not have 

evidence of significant LV systolic dysfunction or clinical heart failure (even if transient). 

 

 

 

The Role of ICD in Heart Failure and LV Dysfunction 
 

Recommendations 

• Patients with documented coronary artery disease and prior myocardial 
infarction, who are already receiving evidence-based optimal pharmacological 
therapy for heart failure, have an EF<30%, and are clinically stable and not in 
end stage heart failure, and have otherwise a reasonable chance for long term 
survival, should be considered for evaluation and risk stratification for an 
implantable cardioverter defibrillator (ICD). (Grade B Level 2).  However, the 
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cost-effectiveness of this prophylactic therapy is currently unknown, and 
would need further evaluation to clearly establish its role in practice. 

• Patients with non-sustained ventricular tachycardia (VT) in the presence of 
coronary artery disease, prior myocardial infarction, and EF of 30-40%, should 
be considered for electrophysiological study.  If VT is inducible at 
electrophysiological study, they should be considered for an ICD (Grade B 
Level 2). 

• In patients with non-ischemic dilated cardiomyopathy, prophylactic 
implantation of an ICD is not recommended at this time, whether they have 
nonsustained ventricular tachycardia or not.  If symptomatic nonsustained 
ventricular tachycardia is present, amiodarone may be considered.  (Grade B, 
level 2). They should receive optimal pharmacological therapy including beta 
blockers, ACE inhibitors, and possibly spironolactone  as per guideline 
recommendations.   

 
Practical Tips 

The more prolonged QRS duration,  and the presence of atrial fibrillation 
increased the the likelihood of benefit from prophylactic ICD therapy.   

Unexpected syncope in any patient with heart failure should be considered 
as possibly due to arrhythmia and mandates careful clinical evaluation. 

The precise extent of mortality benefit from prophylactic ICD’s in heart 
failure and their cost effectiveness for this indication are not known.  Additional 
randomized clinical trials of ICD’s as primary prophylaxis are ongoing and may 
help to clarify these uncertainties.  Given the considerable resources required to 
evaluate, implant, and follow these patients, caregivers and health policy 
planners need to carefully assess the incompletely understood benefits of ICD in 
certain subgroups, when considering the amount of resources to be devoted 
towards prophylactic ICD’s. 

 

Evidence and Rationale 
 

 The presence of left ventricular systolic dysfunction is associated with a high risk of 

sudden cardiac death, presumably from ventricular tachycardia or fibrillation.  Although optimal 

pharmacological therapy with beta blockers, ACE inhibitors, statins as appropriate, and 

spironolactone if required, reduces all cause and possibly sudden death mortality, death rates in 

such patients remain high.   

 Based on the premise that implanted cardioverter defibrillators can prevent sudden 

arrhythmic death if it is destined to occur, a number of trials have examined the potential benefit 

from the prophylactic implantation of cardioverter defibrillators in such patients.  

 In brief, the MADIT I and MUSTT studies suggested that ICD’s may be indicated in 

patients with LVEF < 40%, nonsustained ventricular tachycardia on holter monitoring, and 

inducible VT at electrophysiological study
9,10

.  The Canadian Consensus Conference Guidelines 
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on the treatment of ventricular arrhythmias have suggested EP studies and consideration of ICD 

implantation in such patients.  

 A recent large study, the MADIT II study, randomized 1232 patients with a history of 

prior myocardial infarction (more than 4 weeks pre-randomization), coronary artery disease, and 

an ejection fraction of < 30%, to either the ICD or conventional medical therapy
11

.  Nonsustained 

VT or electrophysiologic studies were not required for study inclusion.  The majority of patients 

in this study had NYHA class I or II functional status, and the mean age was 65 years.  In the 

majority of patients, more than 6 months had elapsed since their most recent MI, and a majority 

had previously received bypass surgery or coronary angioplasty.  Seventy percent of patients 

received ACE inhibitors and 70% received beta blockers at baseline.  There was an aggregate 

31% reduction in the risk of death from any cause over an average follow-up of 20 months; the 

absolute reduction in all cause mortality was 1%, 6%, and 9% at 1, 2, and 3 years respectively, 

and the number needed to treat to prevent one death over 3 years was approximately 11.   In a 

subgroup analysis, patients with a QRS duration of more than 120 msec at baseline received a 

large benefit from ICD implantation, with the mortality reduction from 53% to 21% at 3 years in 

this subgroup.   The publication of this study
11

 led to a change in guidelines for the implantation 

of prophylactic ICD’s, with a recommendation for ICD implantation in patients meeting 

“MADIT II inclusion criteria”
12

. 

 In view of the high benefit and/or lower cost of beta blockers, ACE inhibitors, statins, 

spironolactone, and revascularization where indicated, these therapies should be considered and 

applied where indicated to all patients with coronary artery disease and moderate to severe left 

ventricular dysfunction.  If, following consideration of all these measures, the quantitative LV 

ejection fraction is less than 30%, patients should be considered for prophylactic ICD 

implantation, even in the absence of arrhythmia related symptoms or heart failure symptoms.  A 

detailed cost efficacy analysis of the MADIT II study has not yet been published, and the cost 

effectiveness of ICD implantation in these patients is not yet known.   

 A large randomized trial of medical therapy vs. prophylactic ICD in patients with 

documented symptomatic heart failure rather than just post-infarction is still ongoing (SCD-

HEFT), and the follow-up period has just been extended.  Therefore, in the absence of a 

confirmatory trial for prophylactic ICD in the classic heart failure population, one should 

carefully consider the risk vs. benefit in each individual patient, taking into account quality of 

life and resource considerations in addition to survival benefits. 

In distinction to the above considerations, patients with dilated, non-coronary 

cardiomyopathy have not been shown to benefit from prophylactic ICD implantation.  The CAT 

trial randomized patients to ICD implantation versus standard medical therapy, in the presence of 

a dilated cardiomyopathy.  No benefit could be shown for defibrillator implantation
13

.  In the 

AMIOVIRT study, patients with dilated cardiomyopathy and ejection fraction less than 40% 

were randomized to oral amiodarone versus the implanted defibrillator.  The trial was stopped 

early for futility, and the mortality curves in the amiodarone versus the ICD groups were nearly 

superimposable.  There are ongoing trials further assessing the benefit of prophylactic ICD in 

patients with dilated cardiomyopathy.  For the moment, there is no evidence that prophylactic 

ICD implantation prolongs life in such patients.  No large and blinded individual trial has shown 

reduction of sudden death from amiodarone, but meta analysis suggests that amiodarone may 

possibly be of benefit in reducing sudden and all cause mortality in patients with cardiomyopathy 

at risk for sudden death
14

.  Neither holter monitoring nor electrophysiologic studies have been 
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clearly shown to be of prognostic benefit or to help assess the efficacy of therapy in patients with 

dilated cardiomyopathy. 

 

 

 

Resynchronization Therapy in Heart Failure  
 

 

 

Recommendations: 

• Patients with heart failure who are still severely symptomatic despite optimal 
medical therapy but have reasonable rehabilitation potential, and also have 
mean QRS duration > 130 mseconds and LV ejection fraction <35%, may be 
considered for evaluation of resynchronization therapy for symptomatic 
improvement.  (Grade B, Level 2) 

 
Practical Tip:   

• Patients with marked LV chamber enlargement (LV end-diastolic diameter > 55 
mm), mitral regurgitation, very prolonged QRS duration (<150 msec) and 
patients with severe symptoms or high diuretic requirements may be 
particularly good candidates 

   

Evidence and Rationale 
 

Ventricular conduction abnormality is frequent in heart failure.  The electrical conduction 

delay leads to cardiac contractile dysynchrony, which may further compromise ventricular 

function and hasten the progression of heart failure.  To restore contractile synchrony, one may 

install pacemaker leads in both the right and left ventricle (the latter through coronary sinus and 

great cardiac vein), so called cardiac resynchronization therapy (CRT).   Several multi-center 

clinical trials on cardiac resynchronization have been completed and published in the last few 

years. These trials have assessed the effect of cardiac resynchronization on functional capacity, 

quality of life and hospitalizations for heart failure but not on survival. 

 

One such trial is the Multisite Stimulation in Cardiomyopathies (MUSTIC) trial
15

. In this 

study, 67 patients with severe heart failure NYHA class III, ejection fraction < 35% and a 

duration of the QRS interval of > 150 msec received transvenous atriobiventricular pacemakers. 

This was a single-blind, randomized, controlled crossover study comparing the responses of the 

patients during two periods: a three-month period of inactive pacing (ventricular inhibited pacing 

at a basic rate of 40 bpm) and a three-month period of active (atriobiventricular) pacing. The 

primary end point was the distance walked in six minutes; the secondary end points were the 

quality of life, peak VO2, hospitalizations related to heart failure, the patients' treatment 

preference and the mortality rate.  During active pacing, there were significant improvements in 

mean distance walked in six minutes, the quality-of-life score and peak VO2. Hospitalizations 

were decreased by two thirds. Active pacing was preferred by 85 percent of the patients.  A 12 
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month follow-up of these same patients showed that the improvement in the 6- minute walk test, 

peak VO2, quality of life and NYHA were maintained over this period
16

.   No conclusions could 

be drawn with respect to survival. 

 

The Multicenter InSync Randomized Clinical Evaluation  (MIRACLE) trial was done in 

a randomized double-blinded design
17

 to evaluate the effect of cardiac resynchronization on the 

NYHA functional class, quality of life, and the distance walked in six minutes. Four hundred 

fifty-three patients with ischemic or non-ischemic cardiomyopathy, moderate-to-severe 

symptoms of heart failure, an ejection fraction of <35% and a QRS interval of  >130 msec were 

randomly assigned to a cardiac-resynchronization group or to a control group for six months, 

while conventional therapy for heart failure was maintained. When compared to the control 

group, patients in the cardiac resynchronization group experienced a significant improvement in 

the distance walked in six minutes, functional class, quality of life, time on the treadmill during 

exercise testing  and ejection fraction. As well, fewer patients in the resynchronization group 

required hospitalization or intravenous medications for the treatment of heart failure. In 8 percent 

of patients, implantation of the device was unsuccessful and overall complications were low. 

These included refractory hypotension, bradycardia, asystole and  perforation of the coronary 

sinus requiring pericardiocentesis.   

 

One of the main limitations of this study was the short-term follow-up of only 6 months. 

The ability of these devices to maintain long-term clinical benefits remains undetermined as is 

their effect on survival. When considering survival, the potential benefits of cardiac defibrillators 

must be addressed.  The Comparison of Medical Therapy, Pacing, and Defibrillation in Chronic 

Heart Failure (COMPANION) trial
18

 is an on-going randomized, open-label, 3-arm study of 

patients in NYHA class III or IV with an ejection fraction < 35% and a QRS duration of >120 

msecs. The study objectives are to determine whether optimal medical therapy used with 

ventricular resynchronization therapy alone or  ventricular resynchronization therapy combined 

with a cardioverter-defibrillator is better than optimal medical therapy alone in reducing 

combined all-cause mortality and hospitalizations; reducing cardiac morbidity; improving 

functional capacity, cardiac performance, and quality of life; and increasing total survival. 

Compared to previous cardiac resynchronization trials, this trial will permit patients with a less 

wide QRS (≥ 120 msecs) to be randomized, it will be much larger recruiting over 2000 patients 

and have a much longer follow-up of 2 years.  This trial has just been completed, and the 

preliminary results are positive.  However, in the absence of details in a peer review publication, 

its true impact will have to await detailed analysis in light of currently available data. 

  
 

Brain Natriuretic Peptide in the Diagnosis of Heart Failure 
 

 

Recommendations: 

• Patients who present with dyspnea with unclear but suspected cardiac 
etiologies may be considered to have venous blood taken for the 
measurement of brain natriuretic peptide (BNP) level to assist with the 
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diagnostic decision and therefore appropriate management of the dyspnea.  
(Grade A Level 1 Evidence)  

 
 
Practical Tip:   

• BNP level is not a stand-alone test for heart failure and must be used in 
conjunction with careful clinical evaluation, and in patients with an 
intermediate pre-test likelihood of heart failure 

• Falsely positive results may be seen in patients with renal disease, 
malignancy, extreme obesity or with chronic administration of beta-blockers 

       

 

Evidence and Rationale 
 

The clinical utility of BNP in the management of heart failure 

The natriuretic peptide family consists of a group of structurally similar but genetically distinct 

peptides that exert diverse cardiovascular, renal, and neurohormonal effects. Atrial natriuretic 

peptide (ANP) and brain or B type natriuretic peptide (BNP) are derived from the 

cardiomyocytes whereas C type natriuretic peptide (CNP) is derived from the endothelial cells. 

BNP, derived mainly from the mammalian ventricle, is the natriuretic peptide at the most 

advanced stage of development for clinical application in patients with heart failure
19

. The 

following is list of clinical applications of BNP in heart failure that are either established or are 

currently under evaluation: 

1. Establishing the diagnosis of heart failure
20-22

  

2. Short and long term prognostic stratification
23,24

  

3. Monitoring for the decompensation of heart failure and response to therapy
24-26

 

4. Screening for left ventricular dysfunction in general population
27,28

 

5. Therapy for acute heart failure (nesiritide)
29,30

  

Applications 2 to 4 are still under evaluation. Nesiritide (recombinant human BNP) is not 

available in Canada. This update will be limited the discussion to the most established clinical 

application i.e. the diagnostic utility of BNP in patients with heart failure.  

 

Diagnostic utility of BNP in heart failure and left ventricular dysfunction 

 Currently the most established clinical application of BNP is for the detection of cardiac 

etiologies for dyspnea in patients who present to an urgent care facility setting with dyspnea and 

in whom the diagnosis is not readily apparent after clinical evaluation. A frequent problem in 

these patients is to distinguish between dyspnea from primary pulmonary versus cardiac 

disorders. In a prospective study of 52 elderly patients presenting with acute dyspnea, admission 

plasma BNP level was elevated in patients with a final diagnosis of heart failure but not in those 

with primary lung disease, and BNP level more accurately reflected the heart failure diagnosis 
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than left ventricular (LV) ejection fraction (LVEF)
20

. The availability of a fluorescence 

immunoassay has allowed for the point-of-care quantitative determination of BNP in whole 

blood and plasma. Using this point-of-care assay, blood BNP levels were measured from 250 

patients who presented to urgent-care departments with dyspnea
21

. The gold standard for the 

diagnosis of heart failure was based on retrospective review of all clinical data by consensus 

opinion of two cardiologists blinded to the BNP results. At a blood level of 80 pg/ml, BNP was 

an accurate predictor of the presence of heart failure (95%), and values below 80 pg/ml had 

negative predictive value of 98%. The same rapid assay of BNP has also recently been shown to 

help differentiate pulmonary from cardiac etiologies in patients who presented to the emergency 

department with dyspnea.
16

 The largest study of the diagnostic utility of BNP to date is the 

Breathing Not Properly Multinational Study (BNP study)
22

. In this multicenter study, 1586 

patients who visited emergency department with acute dyspnea had BNP determined using the 

rapid assay. Clinical diagnosis of heart failure was adjudicated by two cardiologists blinded to 

the BNP results. BNP levels by themselves were more accurate than any historical, physical 

examination or laboratory findings in identifying heart failure as the cause of dyspnea. Using a 

cut-off of 100 pg/ml, the diagnostic accuracy was 83.4%. Using a cut-off of 50 pg/ml, the 

negative predictive value was 96%. Area under the receiver-operating-characteristic (ROC) 

curve was 0.91 (95% confidence interval, 0.90-0.93). 

  

 Another potential use of BNP is for the diagnosis of patients with heart failure and preserved 

systolic function. By definition, these patients have preserved systolic function (LVEF>40) or 

normal LVEF, and therefore heart failure cannot be easily diagnosed by simple assessment of 

LV systolic function. Several studies have now demonstrated elevated BNP levels in patients 

with heart failure or documented diastolic dysfunction based on Doppler filling characteristics. 

Area under the ROC curve to detect diastolic dysfunction in patients with heat failure and 

preserved systolic function was 0.958 using the traditional radioimmunoassay, and 0.92 in 

patients with or without symptoms using the rapid assay
31

. At this point, BNP level by itself 

cannot differentiate between systolic and diastolic dysfunction. 

 

 It should be noted, however, that BNP level can increase in conditions other than heart failure. 

Indeed, plasma BNP levels increase with aging, levels are higher in female, and increase in renal 

disease, advanced pulmonary disease, with β-blockade therapy and in other cardiac conditions. 

Notwithstanding these false positives, in a patient who presents to an urgent care setting and who 

has a low BNP level i.e. less than 50 to 80 pg/ml, the probability for heart failure as an etiology 

for the dyspnea is likely to be low.  N-terminus proBNP assay is also available.  The value for 

the N-terminal moiety is at least 100 fold higher than the value of C-terminal BNP.  The optimal 

cut-off value for this specific assay remains to be determined. 

  

   

Role of Multidisciplinary Heart Failure/Function Clinics  
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Recommendations: 

• Specialized hospital based clinics, staffed by physicians, nurses and other 
health care professionals with expertise in heart failure, should be considered 
for assessment and management of higher risk individuals with heart failure 
(Grade B, Level 2)  

• Multidisciplinary care should include, but not be limited to patient education, 
and close clinical follow-up through clinic visits and/or telemonitoring or 
telemanagement and home visits with specialist health care professionals. 
(Grade B, Level 2) 

• Individuals with heart failure who have been recently hospitalized with heart 
failure may receive maximum benefit  from a multidisciplinary heart 
failure/function clinic setting (Grade B, Level 2) 

� Heart failure/function clinics may also provide opportunities for exploration of 
a full range of treatment options for heart failure, including pharmacological, 
interventional, electrophysiological and surgical therapeutic options. (Grade 
C, Level 5)  

 
Practical Tips: 

• Telephone calls by experienced nurses to check on the progress of patients 
with heart failure is often the key intervention that may prevent recurrent 
hospitalization 

• Teaching patients to weigh themselves daily and adjust their own diuretics is 
a key strategy to maintain clinical stability 

• In Canada, there are recommendations on how to set up a multidisciplinary 
heart failure/function clinic available at www.cchfcn.org, website of the 
Canadian Congestive Heart Failure Clinics Network  

 

 

 

Evidence and Rationale 
 

Over the past 7 years, evidence has been accumulating in favour of the role of heart 

failure/function clinics
32-35

.  Several small, randomized controlled trials of multidisciplinary care 

have demonstrated benefit.  Rich, et al. in 1995 demonstrated the ability to reduce 

hospitalizations through multidisciplinary care initiated in hopsital
36

.  Stewart, et al
37

 and Blue,  

et al
38

, both of whom demonstrated reduction in unplanned readmission through a 

multidisciplinary home-based intervention, supported this work.  Cline, et al.
39

 demonstrated 

similar benefit through the use of multidisciplinary outpatient heart failure clinics following 

discharge from hospital.  Most recently, McDonald et al.
40

  have released the results of a 

randomized control trial of multidisciplinary care in which both control and treatment groups 

received in-patient specialist care, target doses of ACE Inhibitor therapy and pre-determined 

discharge criteria.  The treatment group received a multidisciplinary in-patient intervention 

followed by telemanagement and clinic follow-up. The treatment gropu had significant 

improvements (p<0.01) in patient knowledge of heart failure, patient knowledge of diet, and 
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unplanned readmission within 3 months found for the treatment group.  

 

Although the results of the reported trials are supportive of heart failure/function clinics 

these studies have a number of limitations. Some of the limitations common to these trials were a 

relatively short duration of follow-up (< 6 months), lack of clarity related to the specifics of the 

intervention, and they were performed in the pre-beta blocker era.  Although the latter may be a 

potential limitation
38

, the presence of the nurse clinician in the clinic has the potential to facilitate 

up titration of beta blocker therapy.  Another important limitation to these studies has been 

selective recruitment of patients thus limiting the generalizability of these studies to date
36,38,39

. 

 

Among the reported studies there have been some similarities in the type of intervention 

used, these included patient education, telemanagement and home and/or clinic visits with health 

care professionals specialized in heart failure care.  Successful programs have uniformly used 

nurse clinicians with many programs including dietitians, pharmacists and social workers. 

 

Given the high prevalence of heart failure and that at present there is only limited access 

to this specialized type of heart failure program some studies have examined which individuals 

may benefit the most from admission to a multidisciplinary clinic.  Riegel et al.
41

 conducted a 

non-randomized study using matched samples of heart failure in-patients.  They were able to 

demonstrate maximal reduction in the cost of care for individuals with pre-admission NYHA 

Class II symptoms through the use of a home-based multidisciplinary intervention.  Rich et al
.1
 

found similar benefit for individuals who were at high risk for readmission. This study suggests 

potential benefit to patients with complex heart failure.   

 

Heart failure/function clinics of this nature operating in Canada offer specialized, 

multidisciplinary care directed at providing evidence-based medical therapy, individualized 

pharmacological therapy, augmented with self-management support, and access/referral to the 

full range of options of therapy for heart failure.    

 

Future issues for consideration include:  

� determination of the heart failure population, which may derive maximal benefit from 

multidisciplinary heart failure/function clinics,  

� determination of the comparative health and financial benefits of different types of delivery 

of multidisciplinary care, including home based, clinic based, and/or telemanagement 

directed. 

� Implications and potential utility of the multidisciplinary setting in attaining optimum 

pharmacologic therapy targets, and 

� Implications and potential utility of BNP testing and other point of care assays in the heart 

function/failure clinic setting in the selection of patients, titration of medical therapy and 

assessment of disease progression. 

 

 

Update in Surgical Therapy for Heart Failure  
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The most significant trial in surgical therapy for heart failure was published in November 2001
42

. 

The REMATCH (Randomized Evaluation of Mechanical Assistance for the Treatment of 

Congestive Heart Failure) trial was a prospective, randomized, multi centre study sponsored by 

the NIH to determine if left ventricular support with the HeartMate device was superior to 

optimal medical therapy in non-transplant eligible end stage heart failure patients. All objective 

screening data support the finding that this trial enrolled, by far, the sickest group of heart failure 

patients than any previous medical or surgical trial. Overall survival at two years was dismal, but 

LVAD therapy did provide a statistically significant survival benefit at one year (52% vs 25%, 

p=0.002) and at two years (23% vs 8%, p=0.09). All objective physical and emotional measures 

were significantly higher in the LVAD group, indicating that device therapy improved both 

quantity and quality of life. Based on the results of this landmark trial, the FDA has recently 

approved the HeartMate device as a “destination” therapy for non-transplant eligible patients. 

 

Several caveats must be highlighted from this trial. Firstly, overall survival was still poor at two 

years, even in the device group. Secondly, the device group suffered from 2.35 times the number 

of adverse events as the medical group. These adverse events were primarily septic in nature or 

related to non-fatal device malfunctions. Furthermore, a careful subgroup analysis by Stevenson 

et al demonstrates that survival benefits accrue only to those patients who were in NYHA class 

IV on IV inotropes. No benefit was observed in patients who were hemodynamically stable on 

oral medication. 

 

Despite the above shortcomings, the REMATCH trial provided valuable information. Even with 

a first generation device, an average recipient age of 68 and all associated device-related 

complications, patients in the LVAD group displayed improvement over their medical 

counterparts over the short term. Clearly with careful patient selection and future improvement in 

device technology, the overall survival in this high risk cohort of patients may be further 

improved. 

 

 

References 
 

1. Pitt B, Segal R, Martinez FA, Meurers G, Cowley AJ, Thomas I, Deedwania PC, Ney 

DE, Snavely DB, Chang PI. Randomised trial of losartan versus captopril in patients over 

65 with heart failure (Evaluation of Losartan in the Elderly Study, ELITE). Lancet. 

1997;349:747-52. 

2. Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ, Konstam MA, 

Riegger G, Klinger GH, Neaton J, Sharma D, Thiyagarajan B. Effect of losartan 

compared with captopril on mortality in patients with symptomatic heart failure: 

randomised trial--the Losartan Heart Failure Survival Study ELITE II. Lancet. 

2000;355:1582-7. 

3. Cohn JN, Tognoni G, Valsartan Heart Failure Trial Investigators. A randomized trial of 

the angiotensin-receptor blocker valsartan in chronic heart failure. New England Journal 

of Medicine. 2001;345:1667-75. 

4. Maggioni AP, Anand I, Gottlieb SO, Latini R, Tognoni G, Cohn JN, Val-HeFT 

Investigators. Effects of valsartan on morbidity and mortality in patients with heart 



 

CCS 2003 Consensus HF Update, page 18 

failure not receiving angiotensin-converting enzyme inhibitors. Journal of American 

College of Cardiology. 2002;40:1414-21. 

5. Swedberg K, Pfeffer M, Granger C, Held P, McMurray J, Ohlin G, Olofsson B, 

Ostergren J, Yusuf S, Invetigators atC. Candesartan in heart failure--assessment of 

reduction in mortality and morbidity (CHARM): rationale and design. Journal of Cardiac 

Failure. 1999;5:276-82. 

6. Jong P, Demers C, McKelvie R, Liu P. Angiotensin receptor blockers in heart failure:  

Meta-Analysis of randomizd controlled trial. Journal of American College of Cardiology. 

2002;39:463-470. 

7. Dickstein K, Kjekshus J, OPTIMAAL Steering Committee of the OPTIMAAL Study 

Group. Effects of losartan and captopril on mortality and morbidity in high-risk patients 

after acute myocardial infarction: the OPTIMAAL randomised trial. Optimal Trial in 

Myocardial Infarction with Angiotensin II Antagonist Losartan. Lancet. 2002;360:752-

60. 

8. Pfeffer MA, McMurray J, Leizorovicz A, Maggioni AP, Rouleau JL, Van De Werf F, 

Henis M, Neuhart E, Gallo P, Edwards S, Sellers MA, Velazquez E, Califf R. Valsartan 

in acute myocardial infarction trial (VALIANT): rationale and design. American Heart 

Journal. 2000;140:727-50. 

9. Buxton AE, Lee KL, DiCarlo L, Gold MR, Greer GS, Prystowsky EN, O'Toole MF, 

Tang A, Fisher JD, Coromilas J, Talajic MH, G. Electrophysiologic testing to identify 

patients with coronary artery disease who are at risk for sudden death. Multicenter 

Unsustained Tachycardia Trial Investigators. New England Journal of Medicine. 

2000;342:1937-45. 

10. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN, Hafley G, Investigators. 

tM. A randomized study of the prevention of sudden death in patients with coronary 

artery disease. New England Journal of Medicine. 1999;341:1882-90. 

11. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, Daubert JP, Higgins SL, 

Brown MW, Andrews ML, The Multicenter Automatic Defibrillator Implantation Trial II 

Investigators. Prophylactic implantation of a defibrillator in patients with myocardial 

infarction and reduced ejection fraction. New England Journal of Medicine. 

2002;346:877-83. 

12. Gregoratos G, Abrams J, Epstein AE, Freedman RA, Hayes DL, Hlatky MA, Kerber RE, 

Naccarelli GV, Schoenfeld MH, Silka MJ, Winters SL, Gibbons RJ, Antman EM, Alpert 

JS, Gregoratos G, Hiratzka LF, Faxon DP, Jacobs AK, Fuster V, Smith SCJ. 

ACC/AHA/NASPE 2002 guideline update for implantation of cardiac pacemakers and 

antiarrhythmia devices: summary article: a report of the American College of 

Cardiology/American Heart Association Task Force on Practice Guidelines 

(ACC/AHA/NASPE Committee to Update the 1998 Pacemaker Guidelines). Circulation. 

2002;106:2145-61. 

13. Bansch D, Antz M, Boczor S, Volkmer M, Tebbenjohanns J, Seidl K, Block M, Gietzen 

F, Berger J, Kuck KH. Primary prevention of sudden cardiac death in idiopathic dilated 

cardiomyopathy: the Cardiomyopathy Trial (CAT). Circulation. 2002;105:1453-8. 

14. Connolly SJ, Krahn A, Klein G. Long term management of the survivor of ventricular 

fibrillation or sustained ventricular tachycardia. Canadian Journal of Cardiology. 

2000;16 (Supp C):2C-20C. 



 

CCS 2003 Consensus HF Update, page 19 

15. Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Linde C, Garrigue S, 

Kappenberger L, Haywood GA, Santini M, Bailleul C, Daubert JC, Multisite Stimulation 

in Cardiomyopathies (MUSTIC) Study Investigators. Effects of multisite biventricular 

pacing in patients with heart failure and intraventricular conduction delay. New England 

Journal of Medicine. 2001;344:873-80. 

16. Linde C, Leclercq C, Rex S, Garrigue S, Lavergne T, Cazeau S, McKenna W, Fitzgerald 

M, Deharo JC, Alonso C, Walker S, Braunschweig F, Bailleul C, Daubert JC. Long-term 

benefits of biventricular pacing in congestive heart failure: results from the MUltisite 

STimulation in cardiomyopathy (MUSTIC) study. Journal of American College of 

Cardiology. 2002;40:111-8. 

17. Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR, Loh E, Kocovic DZ, 

Packer M, Clavell AL, Hayes DL, Ellestad M, Trupp RJ, Underwood J, Pickering F, 

Truex C, McAtee P, Messenger J, MIRACLE Study Group. Multicenter InSync 

Randomized Clinical Evaluation. Cardiac resynchronization in chronic heart failure. New 

England Journal of Medicine. 2002;346:1845-53. 

18. Bristow MR, Feldman AM, Saxon LA. Heart failure management using implantable 

devices for ventricular resynchronization: Comparison of Medical Therapy, Pacing, and 

Defibrillation in Chronic Heart Failure (COMPANION) trial. COMPANION Steering 

Committee and COMPANION Clinical Investigators. Journal of Cardiac Failure. 

2000;6:276-85. 

19. Moe GW. Natriuretic peptide in heart failure. In: Braunwald E, Fauci AS, Isselbacher KJ, 

Kasper DL, Hauser SL, Longo DL, Jameson JL, eds. Harrison's Online. New York, NY: 

McGraw-Hill; 2002:Chapter 232. 

20. Davis M, Espiner E, Richards G, Billings J, Town I, Neill A, Drennan C, Richards M, 

Turner J, Yandle T. Plasma brain natriuretic peptide in assessment of acute dyspnoea. 

Lancet. 1994;343:440-4. 

21. Dao Q, Krishnaswamy P, Kazanegra R, Harrison A, Amirnovin R, Lenert L, Clopton P, 

Alberto J, Hlavin P, Maisel AS. Utility of B-type natriuretic peptide in the diagnosis of 

congestive heart failure in an urgent-care setting. Journal of American College of 

Cardiology. 2001;37:379-85. 

22. Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P, Omland T, 

Storrow AB, Abraham WT, Wu AH, Clopton P, Steg PG, Westheim A, Knudsen CW, 

Perez A, Kazanegra R, Herrmann HC, McCullough PA, Breathing Not Properly 

Multinational Study Investigators. Rapid measurement of B-type natriuretic peptide in 

the emergency diagnosis of heart failure. New England Journal of Medicine. 

2002;347:161-7. 

23. Richards AM, Nicholls MG, Yandle TG, Frampton C, Espiner EA, Turner JG, Buttimore 

RC, Lainchbury JG, Elliott JM, Ikram H, Crozier IG, Smyth DW. Plasma N-terminal pro-

brain natriuretic peptide and adrenomedullin: new neurohormonal predictors of left 

ventricular function and prognosis after myocardial infarction. Circulation. 

1998;97:1921-9. 

24. Cheng V, Kazanagra R, Garcia A, Lenert L, Krishnaswamy P, Gardetto N, Clopton P, 

Maisel A. A rapid bedside test for B-type peptide predicts treatment outcomes in patients 

admitted for decompensated heart failure: a pilot study. Journal of American College of 

Cardiology. 2001;37:386-91. 



 

CCS 2003 Consensus HF Update, page 20 

25. Lee SC, Stevens TL, Sandberg SM, Heublein DM, Nelson SM, Jougasaki M, Redfield 

MM, Burnett JCJ. The potential of brain natriuretic peptide as a biomarker for New York 

Heart Association class during the outpatient treatment of heart failure. jJournal of 

Cardiac Failure. 2002;8:149-54. 

26. Troughton RW, Frampton CM, Yandle TG, Espiner EA, Nicholls MG, Richards AM. 

Treatment of heart failure guided by plasma aminoterminal brain natriuretic peptide (N-

BNP) concentrations. Lancet. 2000;355:1126-30. 

27. Vasan RS, Benjamin EJ, Larson MG, Leip EP, Wang TJ, Wilson PW, Levy D. Plasma 

natriuretic peptides for community screening for left ventricular hypertrophy and systolic 

dysfunction: the Framingham heart study. Journal of American Medical Association. 

2002;288:1252-9. 

28. McDonagh TA, Robb SD, Murdoch DR, Morton JJ, Ford I, Morrison CE, Tunstall-Pedoe 

H, McMurray JJ, Dargie HJ. Biochemical detection of left-ventricular systolic 

dysfunction. Lancet. 1998;351:9-13. 

29. Publication Committee for the VMAC Investigators. Intravenous nesiritide vs 

nitroglycerin for treatment of decompensated congestive heart failure: a randomized 

controlled trial. Journal of American Medical Association. 2002;287:1531-40. 

30. Colucci WS, Elkayam U, Horton DP, Abraham WT, Bourge RC, Johnson AD, Wagoner 

LE, Givertz MM, Liang CS, Neibaur M, Haught WH, LeJemtel TH. Intravenous 

nesiritide, a natriuretic peptide, in the treatment of decompensated congestive heart 

failure. Nesiritide Study Group. New England Journal of Medicine. 2000;343:246-53. 

31. Lubien E DA, Krishnaswamy P, Clopton P, Koon J, Kazanegra R, Gardetto N, Wanner 

E, Maisel AS. Utility of B-natriuretic peptide in detecting diastolic dysfunction: 

comparison with Doppler velocity recordings. Circulation. 2002;105:595-601. 

32. Kasper EK, Gerstenblith G, Hefter G, Van Anden E, Brinker JA, Thiemann DR, Terrin 

M, Forman S, Gottlieb SH. A randomized trial of the efficacy of multidisciplinary care in 

heart failure outpatients at high risk of hospital readmission. Journal of American College 

of Cardiology. 2002;39:471-80. 

33. Stewart S, Horowitz JD. Home-based intervention in congestive heart failure: long-term 

implications on readmission and survival. Circulation. 2002;105:2861-6. 

34. Naylor MD, Brooten D, Campbell R, Jacobsen BS, Mezey MD, Pauly MV, Schwartz JS. 

Comprehensive discharge planning and home follow-up of hospitalized elders: a 

randomized clinical trial. Journal of American Medical Association. 1999;281:613-20. 

35. Krumholz HM, Amatruda J, Smith GL, Mattera JA, Roumanis SA, Radford MJ, Crombie 

P, Vaccarino V. Randomized trial of an education and support intervention to prevent 

readmission of patients with heart failure. Journal of American College of Cardiology. 

2002;39:83-9. 

36. Rich MW, Beckham V, Wittenberg C, Leven CL, Freedland KE, Carney RM. A 

multidisciplinary intervention to prevent the readmission of elderly patients with 

congestive heart failure. New England Journal of Medicine. 1995;333:1190-1195. 

37. Stewart S, Marley JE, Horowitz JD. Effects of a multidisciplinary, home-based 

intervention on unplanned readmissions and survival among patients with chronic 

congestive heart failure: a randomised controlled study. Lancet. 1999;354:1077-83. 

38. Blue L, Lang E, McMurray JJ, Davie AP, McDonagh TA, Murdoch DR, Petrie MC, 

Connolly E, Norrie J, Round CE, Ford I, Morrison CE. Randomised controlled trial of 

specialist nurse intervention in heart failure. British Medical Journal. 2001;323:715-8. 



 

CCS 2003 Consensus HF Update, page 21 

39. Cline CM, Israelsson BY, Willenheimer RB, Broms K, Erhardt LR. Cost effective 

management programme for heart failure reduces hospitalisation. Heart. 1998;80:442-6. 

40. McDonald K, Ledwidge M, Cahill J, Quigley P, Maurer B, Travers B, Ryder M, Kieran 

E, Timmons L, Ryan E. Heart failure management: multidisciplinary care has intrinsic 

benefit above the optimization of medical care. Journal of Cardiac Failure. 2002;8:142-

8. 

41. Riegel B, Carlson B, Glaser D, Hoagland P. Which patients with heart failure respond 

best to multidisciplinary disease management? Journal of Cardiac Failure. 2000;6:290-9. 

42. Rose EA, Gelijns AC, Moskowitz AJ, Heitjan DF, Stevenson LW, Dembitsky W, Long 

JW, Ascheim DD, Tierney AR, Levitan RG, Watson JT, Meier P, Ronan NS, Shapiro 

PA, Lazar RM, Miller LW, Gupta L, Frazier OH, Desvigne-Nickens P, Oz MC, Poirier 

VL, Randomized Evaluation of Mechanical Assistance for the Treatment of Congestive 

Heart Failure (REMATCH) Study Group. Long-term mechanical left ventricular 

assistance for end-stage heart failure. New England Journal of Medicine. 2001;345:1435-

43. 

 


