
67Heart India, Vol 1 / Issue 3 / Oct-Dec 2013
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A B S T R A C T
Heart failure (HF) imposes huge morbidity and mortality on society. In recent times, HF with preserved ejection 
fraction (EF) has emerged as the predominant form of HF syndromes. Natriuretic peptides (B-type natriuretic 
peptide [BNP] and N-terminal [NT] pro BNP) have now emerged as preferred biomarkers for diagnosis and guiding 
further therapy in HF. Ivabradine and Eplerenone are now approved for HF patients who are symptomatic despite 
optimal therapy. Tolvaptan has been shown to improve hyopnatremia as well as dyspnea in patients of HF. Coronary 
bypass grafting has demonstrated a decrease in cardiovascular death and HF hospitalization in patients with of 
HF with angina. Cardiac resynchronization therapy has now consistently shown to decrease mortality in Mild HF.
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HEART FAILURE (HF) WITH 
PRESERVED EJECTION 

FRACTION (EF)

HF with normal EF (EF > 50%) is now being increasingly 
recognized as the predominant form of  HF syndrome over the 
past decade. Various epidemiological studies have defined the 
prevalence of  HF with normal EF (HFpEF) in the population 
between 50% and 55%.[1-4] It is more common in elderly 
and women. Hypertension is the most commonly associated 
comorbid condition in patients with HFpEF. In a study of  
participants in the Framingham Heart Study hospitalized for 
new-onset HF, female sex and atrial fibrillation increased the 
odds of  HFPEF, whereas coronary heart disease, higher heart 
rate, higher potassium, left bundle branch block (LBBB) and 
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ischemic electro-cardiographic changes increased the odds of  
HF with reduced EF.[5] Many contemporary studies have now 
suggested that the prognosis for HFpEF is similar or even worse 
to that of  HF with a reduced EF.[6-8]

BIOMARKERS-DIAGNOSIS OF HF

Natriuretic peptides have become important diagnostic and 
prognostic tool in management of  HF syndromes over past 
few years. B-type natriuretic peptide (BNP; formerly brain 
natriuretic peptide), along with its cleavage remnant n-terminal-
pro BNP (NT-pro BNP), is synthesized and secreted by the 
ventricular myocardium in response to increases in volume or 
pressure in any chamber of  the heart. Where the availability 
of  echocardiography is limited, an alternative approach to 
diagnosis of  HF is to measure the blood concentration of  
natriuretic peptide. A normal natriuretic peptide level in an 
untreated patient virtually excludes significant cardiac disease, 
making an echocardiogram unnecessary.

Various studies have tried to decipher the optimal cut off  values 
for natriuretic peptides in acute and chronic setting.[9-15] The 
recent European Society of  Cardiology (ESC) Guidelines on HF, 
2012 recommend an exclusion cut-off  point of  300 pg/mL for 
NT-pro BNP and 100 pg/mL for BNP in patients presenting 
with acute onset or worsening of  symptoms. For patients 
presenting in chronic setting, the optimum exclusion cut-off  
point is 125 pg/mL for NT-pro BNP and 35 pg/mL for BNP. 
However, the sensitivity and specificity of  BNP and NT-pro 
BNP for the diagnosis of  HF are lower in non-acute patients.[16]
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BIOMARKER GUIDED THERAPY 
FOR HF

Biomarker guided therapy offers the possibility of  tailoring 
therapy according to an objective measure of  function - patients 
with higher BNP/NT-pro BNP levels receive intensive guideline 
directed medical therapy. Availability of  Commercial assays for 
both peptides with minimal analytical variation, particularly for 
NT-pro BNP makes them ideal candidates for this purpose.[17] 
Incremental prognostic value of  serial measurements has been 
shown both in outpatient as well as inpatient settings.[18,19]

As many as 8 randomized trials have tested BNP guided 
therapy producing mixed results. STARS BNP[20] and BATTLE 
SCARRED[21] studies found that a BNP guided strategy led 
to reduction in mortality and hospital stay. On the contrary 
PRIMA[22] and TIME-CHF[23] did not find any improvement in 
clinical outcomes. However, both trials did show trend toward 
favorable outcomes in younger patients (age <75 years). The 
recently published NORTH STAR monitoring study too failed 
to demonstrate any benefit of  adding serial NT-pro BNP 
measurement to optimal clinical management.[24] However, 
multiple meta-analyses of  randomized trials of  BNP guided 
therapy have shown consistent reduction in mortality.[25-28] 
Felker et al. in their metanalysis of  6 randomized trials of  
(involving 1627 patients) utilizing serial biomarkers for titrating 
therapy found a significant mortality advantage for biomarker-
guided therapy (hazard ratio (HR) - 0.69, 95% of  confidence 
interval [CI]: 0.55-0.86) compared to control.[20] Notably, these 
benefits were present despite a generally high use of  evidence 
based therapies at baseline and some degree of  on-going 
intensification of  medical therapy in the control group. Most 
recently published meta-analysis by Savarese et al. demonstrated 
a significant reduction of  mortality (0.738; 95% CI: 0.596-
0.913; P = 0.005) and HF related hospitalization (OR: 0.554; 
CI: 0.399-0.769; P = 0.000) in patients with chronic HF with 
cardiac peptide guided therapy. In particular, NT-pro BNP-
guided therapy reduced all-cause mortality and HF-related 
hospitalization, but not all-cause hospitalization, whereas 
BNP-guided therapy did not significantly reduce both mortality 
and morbidity. The status of  biomarker guided therapy is 
still unclear. We will need robust and adequately powered 
randomized trials to address the issue.

IVABRADINE

Persistently elevated heart rate is related to adverse outcomes.[29-31] 
Ivarbradine is a selective If  current inhibitor and slows the heart 
rate by decreasing the velocity of  diastolic depolarization in sinus 
node cells. The heart rate reduction is independent of  effects on 
myocardial contractility, atrioventricular conduction, ventricular 
repolarization and blood pressure.[32,33]

The Systolic heart failure treatment with the inhibitor ivabradine 
trial (SHIFT) analyzed 6588 patients with symptomatic HF and 
a left-ventricular EF of  35% or lower in sinus rhythm with heart 
rate 70 beats/min or higher.[34] Patients were also required to 
have a HF hospitalization in the previous 12 months. Patients 
were randomized to ivabradine (up-titrated to a maximal dosage 
of  7.5 mg twice a day) or placebo, added to optimal guideline 
based therapy. Ivabradine reduced the in the primary composite 
outcome of  cardiovascular death or HF hospitalization by 18% 
(P < 0.0001), the reduction in cardiovascular death (or all-cause 
death) was not significant. The absolute risk reduction was 4.2%. 
This beneficial effect was mainly driven by a favorable effect on 
HF death/hospital admission.

Ivabradine was associated with a 25% reduction in the total 
number of  hospitalizations (total & recurrent) for HF (902 events 
vs. 1211 events with placebo; P = 0.0002) during the 22.9- month 
median follow-up. It also reduced the interval between the first 
and subsequent hospitalization.[35]

Reduction in heart rate with ivabradine was also associated with 
improved health related quality- of-life and the magnitude of  
heart rate reduction is related to the extent of  improvement.[36] 
In the echocardiography sub study of  SHIFT, ivabradine was 
associated with significant reductions in left ventricular end-
systolic and end-diastolic volumes and a significant increase in 
left ventricular ejection fraction (LVEF).[37] The beneficial effects 
of  ivabradine on heart rate were independent of  beta blocker 
dosage and rather linked to baseline heart rate.[38]

Basing on these robust data, the ESC guidelines for HF 2012 
recommend Ivabradine to reduce the risk of  HF hospitalization 
in patients in sinus rhythm with an EF <35%, heart rate >70 beats 
who have persisting symptoms (NYHA Class II-IV) despite 
optimal medical treatment or who are unable to tolerate a 
beta-blocker.[16]

EPLERENONE

Mineralocorticoid receptors antagonist (MRA) spironolactone 
has been shown to improve survival in systolic HF.[39] Eplerenone, 
a more selective MRA, lacks the progestogenic and antiandrogenic 
actions of  spironolactone. Eplerenone is further distinguished 
from spironolactone by its shorter half-life and the fact that it 
does not have any active metabolites.

In the eplerenone post-acute myocardial infarction HF efficacy 
and survival study (EPHESUS), eplerenone when added to 
recommended medical therapy significantly decreased all-cause 
death and death from cardiovascular causes or hospitalization 
for cardiovascular events among patients with acute myocardial 
infarction complicated by left ventricular systolic dysfunction 
and HF.[40] More recently EMPHASIS-HF trial, randomly 
assigned 2737 patients with New York Heart Association 
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(NYHA) Class II HF and an EF of  <35% to receive eplerenone 
(up to 50 mg daily) or placebo, in addition to recommended 
therapy.[41] Treatment with eplerenone led to a relative reduction 
of  37% in cardiovascular death or HF hospitalization. 
Reductions were also seen in rates of  death from any cause 
(24%), cardiovascular death (24%) hospitalization for any 
reason (23%) and HF hospitalization (42%).

The new ESC guidelines 2012 recommend an MRA for all 
patients with persisting symptoms (NYHA Class II-IV) and an 
EF ≤ 35%, despite treatment with an angiotensin-converting-
enzyme inhibitor and beta-blocker, to reduce the risk of  HF 
hospitalization and the risk of  premature death.[16]

TOLVAPTAN

The arginine vasopressin antagonists or “vaptans” block the renal 
vasopressin - V2 receptor selectively (tolvaptan) or block both the 
vasopressin V1a/V2 receptors (conivaptan) non-selectively, leading 
to decreased pulmonary capillary wedge pressure, increase urine 
volume, weight loss, decrease urine osmolarity and normalization 
of  sodium without adversely affecting renal functions.[42,43]

Tolvaptan is a selective V2-receptor antagonist, binding 29 times 
more avidly to V2-receptors than V1a-receptors. In the acute and 
chronic therapeutic impact of  a vasopressin (ACTIV) in CHF 
trial, tolvaptan significantly increased mean 24-h urine volume 
and decreased body weight compared with the placebo in patients 
with decompensated HF.[44] A trend toward greater survival 
was found in the tolvaptan groups compared with placebo. 
Importantly, patients with elevated blood urea nitrogen and 
those with multiple signs of  congestion who were treated with 
tolvaptan experienced lower mortality rates out to 60 days. Such 
benefits were also demonstrated in out-patient settings too.[45,46]

The efficacy of  vasopressin antagonism in HF outcome study 
with tolvaptan (EVEREST) trial evaluated both the short-term 
and long-term impact of  tolvaptan in patients hospitalized with 
acute decompensated HF and signs and symptoms of  volume 
overload.[47,48] The short term clinical status arm of  EVEREST 
trial evaluated the role of  tolvaptan, in addition to standard 
therapy including diuretics, for clinical improvements during the 
inpatient period. The composite primary end point of  patient-
assessed global clinical status (assessed as a visual analog score) 
and body weight reduction, was significantly improved with 
tolvaptan treatment, driven by reductions in body weight beyond 
that achieved with standard therapy alone and not by changes 
in global clinical status.

Patient-assessed dyspnea was positively affected during tolvaptan 
treatment. Pedal edema (for those patients with edema at 
baseline) at in-patient day 7 or discharge improved more in the 
tolvaptan versus the placebo groups.

The long-term follow arm - EVEREST outcome trial assessed 
dual primary end points of  all-cause mortality (for either 
superiority or non-inferiority) and cardiovascular death or HF 
hospitalization (for superiority). During a follow-up of  9.9 
months, tolvaptan failed to demonstrate any difference in neither 
of  the primary end points (HR- 1.04; 95% CI: 0.95-1.14; P = 
.55), nor a significant effect on the secondary end points of  
cardiovascular mortality, cardiovascular death or hospitalization 
and worsening HF. However, tolvaptan significantly improved 
secondary end points of  day 1 patient-assessed dyspnea, day 1 
body weight and day 7 edema with maintenance of  renal function. 
Interestingly in patients with hyponatremia, serum sodium levels 
significantly increased.

In a post hoc analysis of  EVEREST trial,[49] tolvaptan modestly 
improved dyspnea compared with standard therapy alone, 
regardless if  given early or relatively late after hospitalization 
and also across major pre-specified subgroups, despite on-going 
background therapy aimed at relieving signs and symptoms.

Tolvaptan’s effects were greatest within 12 h after first dose 
with an additional, but modest dyspnea improvement benefit 
irrespective of  time after admission.

Two important observations emerge from these randomized 
controlled trials (RCT’s) of  tolvaptan. Tolvaptan has consistently 
shown improvement is dyspnea and weight gain in acute HF 
syndromes across all RCTs albeit without significant effect 
on mortality. Given the prevalence of  dyspnea in Acute HF 
syndromes,[50] its relief  is of  paramount importance both patients 
and clinicians and its role in regulatory approval has resulted 
in this symptom being targeted in clinical trials. Apart from 
tolvaptan, only Phase III randomized controlled trial program 
to have demonstrated statistically significant improvement in 
dyspnea is the vasodilation in the management of  acute CHF 
trial for Nesiritide. What we need probably is large and long-term 
follow-up studies with tolvaptan.

The presence of  hyponatremia in setting of  HF portends a 
poor prognosis as shown in various trial and registries.[51-53] 
Each 3-mEq decrease in serum sodium is associated with a 
20% of  increase in mortality within 60 days. As vasopressin 
excess contributing to the pathophysiology, the potential use 
of  vasopressin antagonists in this setting is attractive. In the 
ACTIV in CHF trial, 68 patients (21%) had hyponatremia at 
randomization. Serum sodium concentrations were observed to 
rise and often normalize in this cohort. In a subgroup analysis of  
EVEREST trial, in patients with hyponatremia, serum sodium 
increased 5.5 mEq/L in the tolvaptan-treated patients compared 
with an increase of  1.8 mEq/L in the placebo treated patients and 
the improvement in the tolvaptan-treated patients was maintained 
throughout the long-term course of  therapy. Interestingly 
changes in serum sodium were dependent on baseline level of  
sodium with maximal effect in hyponatremic patients.
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Currently, tolvaptan is approved by US Food and Drug 
administration approved for treatment of  clinically significant 
(Na+ <125 mEq/L) hypervolemic and euvolemic hyponatremia 
resistant to fluid restriction. The new ESC guidelines for HF 2012 
recommend say that tolvaptan may be used to treat patients with 
resistant hyponatraemia in acute HF.

CORONARY REVASCULARIZATION 
IN HF

At present coronary revascularization is indicated for angina 
relief  in patients of  HF. In the surgical treatment for ischemic 
heart failure trial (STITCH), 1212 patients with an EF <35% 
and coronary artery disease amenable to coronary artery bypass 
grafting (CABG) were randomly assigned to medical therapy 
alone or medical therapy plus CABG.[54] The primary outcome 
(all-cause death) was not reduced by CABG, but the secondary 
outcomes of  cardiovascular death and death from any cause or 
cardiovascular hospitalization were significantly reduced.

In the viability sub study of  STITCH, presence of  a substantial 
amount of  viable myocardium was associated with a greater 
survival benefit in 601 patients with ischemic left ventricular 
dysfunction.[55] However, after adjustment for other significant 
baseline prognostic variables in a multivariable model, the pre-
specified viability status was no longer significantly associated 
with the mortality.

Basing on these data new ESC guidelines recommend CABG in 
HF patients with angina and two-or three-vessel coronary disease, 
to reduce the risk of  hospitalization for cardiovascular causes 
and the risk of  premature death from cardiovascular causes.[16]

CARDIAC RESYNCHRONIZATION 
THERAPY (CRT) IN MILD HF

CRT is an established therapy for reducing symptoms and mortality 
in advanced HF patients (NYHA Class II and IV) with EF <35% 
in sinus rhythm with QRS >120 ms on electrocardiogram despite 
optimal medical therapy.[56] Many recent studies have focused on 
the role of  CRT in mild HF.[57]

The REVERSE study tested the hypothesis that CRT in 
combination with optimal medical treatment can prevent disease 
progression and reverse LV remodeling in mild systolic HF.[58] 
Six hundred and ten patients with NYHA functional Class I 
and II HF with LVEF <40% and QRS duration >120 ms were 
randomly assigned to active CRT (CRT-on) or control (CRT-off). 
The primary end point was the HF clinical composite response, 
which scored patients as improved, unchanged, or worsened. 
The HF clinical composite response end point, indicated 16% 
worsened in CRT-on compared with 21% in CRT-off  (P = 0.10). 
In the CRT-on arm, patients experienced a greater improvement 

in LV end-systolic volume index (−18.4 ± 29.5 ml/m2 vs. 
−1.3 ± 23.4 ml/m2, P < 0.0001) and significant delay in time-
to-first HF hospitalization (HR: 0.47, P = 0.03).

The MADIT-CRT trial enrolled 1820 patients with ischemic or 
non-ischemic cardiomyopathy (EF < 30%) with QRS duration 
>130 ms and NYHA Class I or II symptoms.[59] Patients were 
randomized to receive CRT plus an implantable cardioverter 
defibrillator (ICD) or an ICD alone. After a follow-up of  2.4 years, 
CRT reduced the primary end point of  death from any cause or a 
nonfatal heart-failure event, driven primarily by reduction in HF 
related events (17.2 vs. 25.3%, HR = 0.66; 95% CI: 0.52-0.84; P 
= 0.001). CRT was associated with a significant reduction in left 
ventricular volumes and improvement in the ejection fraction. 
Both ischemic and non-ischemic subsets were benefitted, effects 
being more evident in the sub group of  QRS >150 ms.

The resynchronization/defibrillation for ambulatory heart failure 
trial (RAFT) trial randomized 1798 patients with NYHA Class 
II or III HF, a LVEF ≤ 30% and an intrinsic QRS duration of  
120 ms or more or a paced QRS duration of  200 ms or more 
to receive either an ICD alone or an ICD plus CRT.[60] CRT 
use significantly reduced both the rate of  death from any cause 
(HR 0.75; 95% CI: 0.62-0.91; P = 0.003) and hospitalization for 
HF (HR = 0.68; 95% CI: 0.56-0.83; P < 0.001). However, more 
adverse events had occurred in the ICD-CRT group, as compared 
with 58 in the ICD group (P < 0.001). Sub group analyses 
found that a significant interaction between treatment and QRS 
duration (P = 0.003), with ICD-CRT therapy being more effective 
in patients with an intrinsic QRS duration of  150 ms or more 
(HR = 0.59; 95% CI, 0.48 to 0.73). QRS morphologic type had 
a weaker correlation (P = 0.046) such that patients with LBBB 
appeared to have a greater benefit than patients with non-specific 
intra-ventricular conduction delay (P = 0.04 for interaction).

Clearly both MADIT-CRT and RAFT showed a significant 
relation between QRS duration and the treatment effect CRT 
appeared more effective in patients with a QRS >150 ms and 
patients with LBBB also seemed to obtain more benefit than non 
LBBB morphology. The recent ESC guidelines for HF 2012 state 
that in patients with milder symptoms, CRT is recommended 
only in those with either a QRS duration >150 ms or >130 ms 
plus an LBBB pattern.[16]

CONCLUSION

Approach to management of  a patient with HF is fast changing. 
Earlier a reduced EF was sine-qua-non for diagnosing HF, but 
HF with preserved EF is the now the dominant form of  acute 
HF syndromes. It is of  paramount important to recognize this 
syndrome as it’s prognosis is not very different from systolic HF. 
Natriuretic peptides are now important adjuncts in diagnosis of  
HF in the emergency department. Natriuretic Peptide guided 
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therapy has also now been shown to decrease mortality in 
multiple meta-analyses.

Ivabradine is a novel and promising addition to the 
pharmacotherapy of  HF. With unequivocal role in decreasing 
HF hospitalizations, it will help decrease the financial burden 
imposed by HF. With Eplerenone demonstrating mortality 
reduction of  milder forms HF, we are moving a step forward in 
the approach preventing progression to end stage HF. Tolvaptan 
ameliorates hyponatremia associated with HF. It also confers 
symptomatic benefit in term of  dyspnea and edema relief.

Coronary artery bypass is now established to reduce morbidity for 
patients of  HF with angina. Traditionally viewed as a therapy in 
advanced HF, CRT has now been consistently shown to reduce 
left ventricular remodeling and mortality for patients with milder 
forms of  HF too.

In a nutshell, with recent innovations in management, we are 
moving toward tackling the menace of  HF in early stages and 
attenuating subsequent morbidity.

REFERENCES

1.	 Choudhury L, Gheorghiade M, Bonow RO. Coronary artery disease 
in patients with heart failure and preserved systolic function. Am J 
Cardiol 2002;89:719-22.

2.	 Redfield MM, Jacobsen SJ, Borlaug BA, Rodeheffer RJ, Kass DA. 
Age-and gender-related ventricular-vascular stiffening: A community-
based study. Circulation 2005;112:2254-62.

3.	 Hogg K, Swedberg K, McMurray J. Heart failure with preserved left 
ventricular systolic function; epidemiology, clinical characteristics, and 
prognosis. J Am Coll Cardiol 2004;43:317-27. Owan TE, Hodge DO, 
Herges RM, Jacobsen SJ, Roger VL, Redfield MM. Trends in prevalence 
and outcome of heart failure with preserved ejection fraction. N Engl 
J Med 2006;355:251-9.

4.	 Borlaug BA, Redfield MM. Diastolic and systolic heart failure are 
distinct phenotypes within the heart failure spectrum. Circulation 
2011;123:2006-13.

5.	 Ho JE, Gona P, Pencina MJ, Tu JV, Austin PC, Vasan RS, et al. 
Discriminating clinical features of heart failure with preserved vs. 
reduced ejection fraction in the community. Eur Heart J 2012;33:1734-41.

6.	 Curtis JP, Sokol SI, Wang Y, Rathore SS, Ko DT, Jadbabaie F, et al. The 
association of left ventricular ejection fraction, mortality, and cause 
of death in stable outpatients with heart failure. J Am Coll Cardiol 
2003;42:736-42.

7.	 Arbab-Zadeh A, Dijk E, Prasad A, Fu Q, Torres P, Zhang R, et al. 
Effect of aging and physical activity on left ventricular compliance. 
Circulation 2004;110:1799-805.

8.	 Tribouilloy C, Rusinaru D, Mahjoub H, Soulière V, Lévy F, Peltier M, 
et al. Prognosis of heart failure with preserved ejection fraction: A 5 
year prospective population-based study. Eur Heart J 2008;29:339-47.

9.	 Fuat A, Murphy JJ, Hungin AP, Curry J, Mehrzad AA, Hetherington A, 
et al. The diagnostic accuracy and utility of a B-type natriuretic peptide 
test in a community population of patients with suspected heart 
failure. Br J Gen Pract 2006;56:327-33.

10.	 Yamamoto K, Burnett JC Jr, Bermudez EA, Jougasaki M, Bailey KR, 
Redfield MM. Clinical criteria and biochemical markers for the 
detection of systolic dysfunction. J Card Fail 2000;6:194-200.

11.	 Cowie MR, Struthers AD, Wood DA, Coats AJ, Thompson SG, 
Poole-Wilson PA, et al. Value of natriuretic peptides in assessment 
of patients with possible new heart failure in primary care. Lancet 
1997;350:1349-53.

12.	 Krishnaswamy P, Lubien E, Clopton P, Koon J, Kazanegra R, Wanner E, 
et al. Utility of B-natriuretic peptide levels in identifying patients 

with left ventricular systolic or diastolic dysfunction. Am J Med 
2001;111:274-9.

13.	 Kelder JC, Cowie MR, McDonagh TA, Hardman SM, Grobbee DE, 
Cost B, et al. Quantifying the added value of BNP in suspected heart 
failure in general practice: An individual patient data meta-analysis. 
Heart 2011;97:959-63.

14.	 Kelder JC, Cramer MJ, Verweij WM, Grobbee DE, Hoes AW. Clinical 
utility of three B-type natriuretic peptide assays for the initial 
diagnostic assessment of new slow-onset heart failure. J Card Fail 
2011;17:729-34.

15.	 Gustafsson F, Steensgaard-Hansen F, Badskjaer J, Poulsen AH, Corell P, 
Hildebrandt P. Diagnostic and prognostic performance of N-terminal 
ProBNP in primary care patients with suspected heart failure. J Card 
Fail 2005;11:S15-20.

16.	 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, 
Dickstein K, et al. ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure 2012: The Task Force for the Diagnosis 
and Treatment of Acute and Chronic Heart Failure 2012 of the European 
Society of Cardiology. Developed in collaboration with the Heart 
Failure Association (HFA) of the ESC. Eur Heart J 2012;33:1787-847.

17.	 Tang WH, Francis GS, Morrow DA, Newby LK, Cannon CP, Jesse RL, 
et al. National Academy of Clinical Biochemistry Laboratory Medicine 
Practice Guidelines: Clinical utilization of cardiac biomarker testing 
in heart failure. Clin Biochem 2008;41:210-21.

18.	 Bettencourt P, Friões F, Azevedo A, Dias P, Pimenta J, Rocha-Gonçalves F, 
et al. Prognostic information provided by serial measurements of brain 
natriuretic peptide in heart failure. Int J Cardiol 2004;93:45-8.

19.	 Latini R, Masson S, Wong M, Barlera S, Carretta E, Staszewsky L, et al. 
Incremental prognostic value of changes in B-type natriuretic peptide 
in heart failure. Am J Med 2006;119:70.e23-30.

20.	 Jourdain P, Jondeau G, Funck F, Gueffet P, Le Helloco A, Donal E, 
et al. Plasma brain natriuretic peptide-guided therapy to improve 
outcome in heart failure: The STARS-BNP Multicenter Study. J Am 
Coll Cardiol 2007;49:1733-9.

21.	 Lainchbury JG, Troughton RW, Strangman KM, Frampton CM, 
Pilbrow A, Yandle TG, et al. N-terminal pro-B-type natriuretic 
peptide-guided treatment for chronic heart failure: Results from 
the BATTLESCARRED (NT-proBNP-Assisted Treatment To Lessen 
Serial Cardiac Readmissions and Death) trial. J Am Coll Cardiol 
2009;55:53-60.

22.	 Eurlings LW, van Pol PE, Kok WE, van Wijk S, Lodewijks-van der 
Bolt C, Balk AH, et al. Management of chronic heart failure guided by 
individual N-terminal pro-B-type natriuretic peptide targets: Results 
of the PRIMA (Can PRo-brain-natriuretic peptide guided therapy of 
chronic heart failure IMprove heart fAilure morbidity and mortality?) 
study. J Am Coll Cardiol 2010;56:2090-100.

23.	 Pfisterer M, Buser P, Rickli H, Gutmann M, Erne P, Rickenbacher P, 
et al. BNP-guided vs. symptom-guided heart failure therapy: The 
Trial of Intensified vs. Standard Medical Therapy in Elderly Patients 
With Congestive Heart Failure (TIME-CHF) randomized trial. JAMA 
2009;301:383-92.

24.	 Schou M, Gustafsson F, Videbaek L, Andersen H, Toft J, Nyvad O, et al. 
Adding serial N-terminal pro brain natriuretic peptide measurements 
to optimal clinical management in outpatients with systolic heart 
failure: A multicentre randomized clinical trial (NorthStar monitoring 
study). Eur J Heart Fail 2013;15:818-27.Adding serial N-terminal 
pro brain natriuretic peptide measurements to optimal clinical 
management in outpatients with systolic heart failure: A multicentre 
randomized clinical trial (North Star monitoring study).

25.	 Felker GM, Hasselblad V, Hernandez AF, O’Connor CM. Biomarker-
guided therapy in chronic heart failure: A meta-analysis of randomized 
controlled trials. Am Heart J 2009;158:422-30.. . :422-430

26.	  Porapakkham P, Porapakkham P, Zimmet H, Billah B, Krum H. B-type 
natriuretic peptide-guided heart failure therapy: A meta-analysis. 
Arch Intern Med 2010;170:507-14.B-Type Natriuretic Peptide — 
Guided Heart Failure Therapy: A Meta-analysisArch Intern Med. 
2010;170(6):507-514

27.	 Savarese G, Trimarco B, Dellegrottaglie S, Prastaro M, Gambardella 
F, Rengo G, et al. Natriuretic peptide-guided therapy in chronic heart 
failure: A meta-analysis of 2,686 patients in 12 randomized trials. 
PLoS One 2013;8:e58287.Savarese G, Trimarco B, Dellegrottaglie S, 
Prastaro M, Gambardella F, et al. Natriuretic Peptide-Guided Therapy 
in Chronic Heart Failure: A MetaAnalysis of 2,686 Patients in 12 
Randomized Trials. PLoS ONE.2013 ;8(3): e58287Li P,

[Downloaded free from http://www.heartindia.net on Monday, December 09, 2013, IP: 93.35.56.135]  ||  Click here to download free Android application for this journal

https://market.android.com/details?id=comm.app.medknow


72

Pradhan: Managing heart failure in 2013

Heart India, Vol 1 / Issue 3 / Oct-Dec 2013

28.	 Li P, Luo Y, Chen YM. B-type Natriuretic Peptide-guided Chronic 
Heart Failure Therapy: A Meta-analysis of 11 Randomised Controlled 
Trials. Heart Lung Circ 2013;22:852-60. Luo Y, Chen YM.[Epub ahead 
of print]

29.	 Kjekshus J, Gullestad L. Heart rate as a therapeutic target in heart 
failure. Eur Heart J Suppl 1999;1 Suppl H:H64-9.

30.	 Tavazzi L. Heart rate as a therapeutic target in heart failure? Eur Heart 
J Suppl 2003;5 Suppl G:G15-8.

31.	 Swedberg K. Pure heart rate reduction: Further perspectives in heart 
failure. Eur Heart J Suppl 2007;9 Suppl F:F20-4.

32.	 Dilaveris P, Giannopoulos G, Synetos A, Gatzoulis K, Stefanadis C. 
Heart rate lowering by inhibition of the pacemaker current: A new 
therapeutic perspective in cardiovascular disease. Cardiovasc Hematol 
Agents Med Chem 2006;4:313-8.

33.	 DiFrancesco D, Camm JA. Heart rate lowering by specific and selective 
I(f) current inhibition with ivabradine: A new therapeutic perspective 
in cardiovascular disease. Drugs 2004;64:1757-65.DiFrancesco D, 
Camm JADrugs. 2004; 64(16):1757-65.

34.	 Swedberg K, Komajda M, Böhm M, Borer JS, Ford I, Dubost-Brama A, 
et al. Ivabradine and outcomes in chronic heart failure (SHIFT): A 
randomised placebo-controlled study. Lancet 2010;376:875-85.

35.	 Borer JS, Böhm M, Ford I, Komajda M, Tavazzi L, Sendon JL, et al. 
Effect of ivabradine on recurrent hospitalization for worsening heart 
failure in patients with chronic systolic heart failure: The SHIFT Study. 
Eur Heart J 2012;33:2813-20.European Heart Journal

36.	 Ekman I, Chassany O, Komajda M, Böhm M, Borer JS, Ford I, et al. 
Heart rate reduction with ivabradine and health related quality of life 
in patients with chronic heart failure: Results from the SHIFT study. 
Eur Heart J 2011;32:2395-404.Ekman I, Chassany O, Komajda M, et al. 
Heart rate reduction with ivabradine and health related quality of life 
in patients with chronic heart failure: Results from the SHIFT study. 
Eur Heart J.2011;32(19):2395-2404.

37.	 Tardif JC, O’Meara E, Komajda M, Böhm M, Borer JS, Ford I, 
et al. Effects of selective heart rate reduction with ivabradine on 
left ventricular remodelling and function: Results from the SHIFT 
echocardiography substudy. Eur Heart J 2011;32:2507-15.Tardif JC, 
O’Meara E, Komajda M, et al. Effects of selective heart rate reduction 
with ivabradine on left ventricular remodelling and function: 
Results from the SHIFT echocardiography substudy. Eur Heart J. 
2011;32(20):2507-2515.

38.	 Swedberg K, Komajda M, Böhm M, Borer J, Robertson M, Tavazzi L, 
et al. Effects on outcomes of heart rate reduction by ivabradine in 
patients with congestive heart failure: Is there an influence of beta-
blocker dose?: Findings from the SHIFT (Systolic Heart failure 
treatment with the I(f) inhibitor ivabradine Trial) study. J Am Coll 
Cardiol 2012;59:1938-45.

39.	 Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. 
The effect of spironolactone on morbidity and mortality in patients 
with severe heart failure. Randomized Aldactone Evaluation Study 
Investigators. N Engl J Med 1999;341:709-17.

40.	 Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. 
Eplerenone, a selective aldosterone blocker, in patients with left 
ventricular dysfunction after myocardial infarction. N Engl J Med 
2003;348:1309-21.

41.	 Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, 
Shi H, et al. Eplerenone in patients with systolic heart failure and mild 
symptoms. N Engl J Med 2011;364:11-21.

42.	 Gheorghiade M. The clinical effects of vasopressin receptor antagonists 
in heart failure. Cleve Clin J Med 2006;73 Suppl 2:S24.

43.	 deGoma EM, Vagelos RH, Fowler MB, Ashley EA. Emerging therapies 
for the management of decompensated heart failure: From bench to 
bedside. J Am Coll Cardiol 2006;48:2397-409.

44.	 Gheorghiade M, Gattis WA, O’Connor CM, Adams KF Jr, Elkayam 
U, Barbagelata A, et al. Acute and chronic therapeutic impact of a 
vasopressin antagonist in congestive heart failure (ACTIV in CHF) 
investigators. J Am Med Assoc 2004;291:1963-71.

45.	 Gheorghiade M, Niazi I, Ouyang J, Czerwiec F, Kambayashi J, 
Zampino M, et al. Vasopressin V2-receptor blockade with tolvaptan 
in patients with chronic heart failure: Results from a double-blind, 
randomized trial. Circulation 2003;107:2690-6.

46.	 Finley JJ 4th, Konstam MA, Udelson JE. Arginine vasopressin 
antagonists for the treatment of heart failure and hyponatremia. 
Circulation 2008;118:410-21.

47.	 Gheorghiade M, Konstam MA, Burnett JC Jr, Grinfeld L, Maggioni AP, 
Swedberg K, et al. Short-term clinical effects of tolvaptan, an oral 
vasopressin antagonist, in patients hospitalized for heart failure: The 
EVEREST Clinical Status Trials. JAMA 2007;297:1332-43.

48.	 Konstam MA, Gheorghiade M, Burnett JC Jr, Grinfeld L, Maggioni AP, 
Swedberg K, et al. Effects of oral tolvaptan in patients hospitalized 
for worsening heart failure: The EVEREST Outcome Trial. JAMA 
2007;297:1319-31.

49.	 Pang PS, Konstam MA, Krasa HB, Swedberg K, Zannad F, Blair JE, 
et al. Effects of tolvaptan on dyspnoea relief from the EVEREST trials. 
Eur Heart J 2009;30:2233-40.

50.	 Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, 
Costanzo MR, Abraham WT, et al. Characteristics and outcomes of 
patients hospitalized for heart failure in the United States: Rationale, 
design, and preliminary observations from the first 100,000 cases in 
the Acute Decompensated Heart Failure National Registry (ADHERE). 
Am Heart J 2005;149:209-16.

51.	 Gheorghiade M, Abraham WT, Albert NM, Gattis Stough W, 
Greenberg BH, O’Connor CM, et al. Relationship between admission 
serum sodium concentration and clinical outcomes in patients 
hospitalized for heart failure: An analysis from the OPTIMIZE-HF 
registry. Eur Heart J 2007;28:980-8.

52.	 Klein L, O’Connor CM, Leimberger JD, Gattis-Stough W, Piña IL, 
Felker GM, et al. Lower serum sodium is associated with increased 
short-term mortality in hospitalized patients with worsening 
heart failure: Results from the Outcomes of a Prospective Trial of 
Intravenous Milrinone for Exacerbations of Chronic Heart Failure 
(OPTIME-CHF) study. Circulation 2005;111:2454-60.

53.	 Gheorghiade M, Rossi JS, Cotts W, Shin DD, Hellkamp AS, Piña IL, 
et al. Characterization and prognostic value of persistent hyponatremia 
in patients with severe heart failure in the ESCAPE Trial. Arch Intern 
Med 2007;167:1998-2005.

54.	 Velazquez EJ, Lee KL, Deja MA, Jain A, Sopko G, Marchenko A, et al. 
Coronary-artery bypass surgery in patients with left ventricular 
dysfunction. N Engl J Med 2011;364:1607-16.

55.	 Bonow RO, Maurer G, Lee KL, Holly TA, Binkley PF, Desvigne-
Nickens P, et al. Myocardial viability and survival in ischemic left 
ventricular dysfunction. N Engl J Med 2011;364:1617-25.

56.	 Dickstein K, Vardas PE, Auricchio A, Daubert JC, Linde C, 
McMurray J, et al. 2010 focused update of ESC Guidelines on device 
therapy in heart failure: An update of the 2008 ESC Guidelines for the 
diagnosis and treatment of acute and chronic heart failure and the 2007 
ESC Guidelines for cardiac and resynchronization therapy. Developed 
with the special contribution of the Heart Failure Association and the 
European Heart Rhythm Association. Eur J Heart Fail 2010;12:1143-53.

57.	 Linde C. Cardiac resynchronization therapy in mild heart failure. 
Europace 2009;11 Suppl 5:v72-6.Cardiac resynchronization therapy 
in mild heart failure

58.	 Linde C, Abraham WT, Gold MR, St John Sutton M, Ghio S, 
Daubert C, et al. Randomized trial of cardiac resynchronization in 
mildly symptomatic heart failure patients and in asymptomatic 
patients with left ventricular dysfunction and previous heart failure 
symptoms. J Am Coll Cardiol 2008;52:1834-43.

59.	 Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert JP, et al. 
Cardiac-resynchronization therapy for the prevention of heart-failure 
events. N Engl J Med 2009;361:1329-38.

60.	 Tang AS, Wells GA, Talajic M, Arnold MO, Sheldon R, Connolly S, 
et al. Cardiac-resynchronization therapy for mild-to-moderate heart 
failure. N Engl J Med 2010;363:2385-95.

How to cite this article: Pradhan AK. Managing heart failure in 2013: 
Changing paradigms. Heart India 2013;1:67-72.

Source of Support: Nil Conflict of Interest: No conflict of interest.

[Downloaded free from http://www.heartindia.net on Monday, December 09, 2013, IP: 93.35.56.135]  ||  Click here to download free Android application for this journal

https://market.android.com/details?id=comm.app.medknow

