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NATRIURETIC PEPTIDES-GUIDED THERAPY IN 
CHRONIC HEART FAILURE: RELEVANCE  

TO OUTCOMES AND SURVIVAL
The review is devoted to a discussion of modern strategy of guided chronic heart failure therapy and 

possible prospects for improved survival of patients through the timely correction of pharmacotherapy 
depends on the dynamics of the circulating levels of brain natriuretic peptides. The prospects of using 
serial measurements of circulating levels of both brain natriuretic peptide (BNP) and NT-pro-BNP to 
assess the immediate and long-term prognosis for patients with chronic heart failure, including outpa-
tients and those admitted for urgent indications of different age groups. The possible advantages and 
limitations for the cardiovascular system arising from the functional activation of natriuretic peptides 
in CHF patients are also discussed. The results of randomized clinical trials and meta-analyzes that de-
voted guided therapy of chronic heart failure are discussed.
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Review

Chronic heart failure (CHF) represents the lead-
ing cause of cardiovascular morbidity and mortal-
ity in worldwide [26]. The possibility of timely di-
agnosis and modern treatment allow significantly 
improve both immediate and long-term prognosis 
of this disease [16]. However, five-year survival 
among patients with symptomatic heart failure 
remains low, despite all the advances in modern 
medicine [32]. Even getting of optimal CHF ther-
apy is not guarantee from the occurrence of acute 
decompensated CHF, sudden cardiac death, fatal 
arrhythmias, urgent hospitalization due to CHF or 
other cardiovascular reasons [29]. Understanding 
of CHF has progressed from the concept of a purely 
hemodynamic disorder to that of a syndrome that 
results from dysfunction in interconnected mo-
lecular pathways [18]. As a result, the focus of re-
search investigations and clinical care has shifted 
to measurement and modification of maladaptive 
molecular processes [3]. In this regard, significant 
efforts to identify biological markers that reflected 
several edges of biochemical processes and the risk 
of clinical outcomes in CHF patients were used. The 
review is dedicated discussion for an overview of 
biomarker-guided clinical trial results, and consid-
eration of the therapeutic potential of a natriuretic 
peptides-based strategy in CHF.

The natriuretic peptides and heart failure

Atrial natriuretic peptide (ANP) and brain 
(or B-type) natriuretic peptide (BNP) are neuro-
hormones secreted predominantly from cardio-
myocytes in response to atrial or ventricular wall 
stretch and intracardiac volume loading [4]. The 
natriuretic peptides have a fundamental role in 

cardiovascular remodeling, volume homeosta-
sis, and the response to myocardial injury. BNP 
is considered a counterregulatory hormone to 
angiotensin II, norepinephrine, and endothelin, 
having vasodilatorary and diuretic effects [34]. 
The precursor of BNP is pro-BNP, stored in se-
cretory granules in myocytes. Pro-BNP is split 
by a protease enzyme into BNP and N-terminal 
pro-BNP (NT-pro-BNP) [6]. It has investigated 
that BNP can easily be measured in plasma. It has 
suggested that the compensatory activity of the 
cardiac natriuretic peptide system is attenuated 
as mortality increases in chronic CHF patients 
with high plasma levels of ANP and BNP [20]. 
However, BNP and NT-pro-BNP are more use-
ful than ANP for diagnosis and management of 
acute decompensated CHF [38]. Among patients 
with CHF, concentrations of natriuretic peptides 
are strongly linked to the presence and severity 
of structural heart disease and are strongly prog-
nostic in this setting [24, 35]. The current guide-
lines for CHF management indicate that evidence 
supports the use of natriuretic peptides for the 
diagnosis, staging, making hospitalization and / 
or discharge decisions, and identifying patients 
at risk for clinical events [21, 40]. Because about 
50% of individuals with left ventricular systolic 
dysfunction are asymptomatic, BNP level has 
been evaluated for this purpose [7]. At current 
time measurement of plasma concentrations of B-
type natriuretic peptide (BNP) or N-terminal pro-
B-type natriuretic peptide (NT-pro-BNP) is use-
ful to rule-out diagnosis and to predict prognosis 
of CHF patients [37]. The evidence for their use 
in monitoring and adjusting drug therapy is less 
clearly established [36].
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The principles of the natriuretic 
peptides-guided therapy in chronic 

heart failure
Standard CHF care has substantial opportuni-

ty for improvement outcomes in patients affected 
by the disorder. Unfortunately, physical signs 
and symptoms of heart failure lack diagnostic 
sensitivity and specificity, and medication dos-
es proven to improve mortality in clinical trials 
are often not achieved [27]. Natriuretic peptide-
guided CHF therapy has recently been given a rec-
ommendation in USA CHF guidelines to achieve 
guideline-directed medical therapy (Class IIa) 
and possibly improve outcome (Class IIb), while 
other clinical practice guidelines (including those 
from the European Society of Cardiology) await 
results from emerging clinical trial data [21, 40]. 
Experience gained in biomarker-guided CHF tri-
als suggests that the approach results in improve-
ment in the quality of care without an excess of 
adverse events related to more aggressive man-
agement [1]. Additionally, favorable reduction in 
the concentration of BNP and NT-pro-BNP may 
be seen during treatment of CHF, with parallel 
improvement in sort- and long-term prognosis. 
Given these issues, there is increasing interest in 
harnessing cardiovascular biomarkers for clini-
cal application to more effectively guide diagno-
sis, risk stratification, and further therapy [11]. 
It may be possible to realize an era of personalized 
medicine for CHF care in which therapy is opti-
mized and costs are controlled and, probably, re-
duced [3].

Serial natriuretic peptide measurements  
as a useful predictive tool in chronic  

heart failure management

Recently it has been found that the natriuretic 
peptides are important tools to establish diag-
nosis and prognosis in CHF. With application of 
therapies for CHF, changes in both BNP and NT-
pro-BNP parallel the benefits of the CHF therapy 
might be applied [33]. Ovelall, it has been asserted 
that serial measurements of natriuretic peptides 
could help modulate more accurately the intensity 
of drug treatment in patients with CHF [13]. Short-
term therapeutic studies of inpatients have largely 
resulted in a statistically significant decline in BNP 
and NT-pro-BNP with clinical evidence of patient 
improvements [39]. In contrast, many therapeutic 
studies involving long-term outpatient monitoring 
have produced changes in BNP/NT-pro-BNP that 
do not exceed the biologic variances. Neverthe-
less, strategy of monitoring NT-pro-BNP and BNP 
to guide therapy cannot be universally advocated 
because there are still several open questions about 
the presumed role of natriuretic peptides-guided 
pharmacologic adjustment as a valuable strategy 
in this setting [10, 22].

Results of the most important clinical trials 
devoted BNP-guided therapy

The use of plasma levels of natriuretic peptides 
to guide treatment of patients with CHF has been 
investigated in a number of randomized controlled 
and retrospective clinical trials, however, results 
of them were closely controversial and the benefits 
have been high variable. It has found that BNP-
guided therapy was not better than expert's clini-
cal assessment for beta-blocker titration in CHF 
patients [5]. In a retrospective study, O'Neill J. O., 
Bott-Silverman C. E., McRae A. T. 3rd. et al. (2005) 
analyzed serial BNP levels in patients receiving he-
modynamically guided therapy for severe CHF [25]. 
Authors concluded that in patients with severe 
heart failure, BNP levels do not accurately predict 
serial hemodynamic changes. In the recent Pro-
BNP Outpatient Tailored Chronic Heart Failure 
Therapy (PROTECT) study, patients treated with 
biomarker-guided care also had improved quality 
of life and significantly better reverse remodeling 
on echocardiography compared with patients who 
received standard care [12]. A multicenter random-
ized pilot trial STARBRITE was tested whether out-
patient diuretic management guided by BNP and 
clinical assessment resulted in more days alive and 
not hospitalized over 90 days compared with clini-
cal assessment alone [30]. There was no significant 
difference in number of days alive and not hospital-
ized (hazard ratio=0.72; 95% confidence interval 
[CI]=0.41–1.27; P=0.25), change in serum crea-
tinine, or change in systolic blood pressure. BNP 
strategy was associated with a trend toward a lower 
blood urea nitrogen (24 mg/dL versus 29 mg/dL; 
P=0.07); BNP strategy patients received signifi-
cantly more angiotensin-converting enzyme (ACE) 
inhibitors, beta-blockers, and the combination of 
ACE inhibitor or angiotensin receptor blocker plus 
beta-blockers [30]. Karlström P., Alehagen U., Bo-
man K., Dahlström U. (2011) did not confirm im-
proving morbidity and mortality in CHF patients 
by treatment guided by BNP levels [15]. However, 
in the study authors found that BNP responders 
had a significantly better clinical outcome than 
non-responders. 

The long-term prognostic impact of a therapeu-
tic strategy using plasma brain natriuretic peptide 
levels was evaluated in STARS-BNP Multicenter 
Study [14]. A total of 220 New York Heart Associa-
tion functional class II to III patients considered op-
timally treated with ACE inhibitors, beta-blockers, 
and diuretics by CHF specialists were randomized 
to medical treatment according to either current 
guidelines (clinical group) or a goal of decreasing 
BNP plasma levels <100 pg/ml (BNP group). The 
primary combined end point was CHF-related death 
or hospital stay for CHF. During follow-up (median 
15 months), significantly fewer patients reached 
the combined end point in the BNP group (24% 
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versus 52%, p<0.001) [14]. Noted, that the result 
mentioned above was mainly obtained through an 
increase in ACE inhibitors and beta-blocker dosag-
es. Later in TIME-CHF trial was found that in con-
trast to CHF with reduced left ventricular ejection 
fraction (LVEF), NT-pro-BNP-guided therapy may 
not be beneficial in CHF with preserved LVEF [19].

Results of the retrospective case-control study 
presented by De Vecchis R. et al (2013) have 
showed that a fall in BNP on the fifth day after ad-
mission was found to be a predictor of a decreased 
risk of the composite endpoint «death or new hos-
pitalization, CHF-related» (hazard ratio=0.1508; 
95% CI: 0.049 to 0.463; P=0.001). On the other 
hand, low glomerular filtration rate at admis-
sion (<60 mL/min/1.73 m2) was associated with 
increased risk of the abovementioned endpoint 
(hazard ratio=7.1785; 95% CI: 1.574 to 32.725; 
P=0.0113). On the contrary, BNP-guided therapy 
was associated with a similar risk of death and/
or CHF-related hospitalization, compared to the 
conventional clinical approach. Authors concluded 
that among the outpatients with previous ADHF, 
a substantial improvement in cardiovascular event 
rates could not be demonstrated in those treated 
with BNP-guided therapy compared with those un-
dergoing usual, symptom-guided treatment.

There are several meta-analysis devoted an as-
sessment of efficacy of natriuretic peptides-guided 
therapy of CHF. Li P., Luo Y., Chen Y. M. (2013) 
included 11 randomized clinical trials with a total 
of 2414 patients and with a mean duration of 12 
months (range=3–36 months) in the meta-analysis 
[18]. Authors found that there was a significant-
ly decreased risk of all-cause mortality (relative 
risk [RR]=0.83; 95% CI=0.69–0.99; P=0.035) 
and CHF rehospitalisation (RR=0.75; 95% CI, 
0.62–0.91; P=0.004) in the BNP-guided therapy 
group. Age, baseline BNP are the major dominants 
of CHF rehospitalization when analyzed using me-
ta-regression. In the subgroup analysis, CHF re-
hospitalization was significantly decreased in the 
patients younger than 70 years (RR=0.45; 95% 
CI=0.33–0.61; P=0.001), or with baseline higher 
BNP (≥2114 pg/mL) (RR=0.53; 95% CI=0.39–
0.72; P=0.001). Thus, compared with usual clini-
cal care, B-type natriuretic peptide-guided therapy 
reduces all-cause mortality and HF rehospitaliza-
tion, especially in patients younger than 70 years 
or with higher baseline BNP.

Meta-analysis to assess the influence of natri-
uretic peptide-guided therapy, compared to clini-
cally-guided therapy on clinical outcomes was per-
formed by Savarese G. et al. (2013) [28]. Twelve 
trials enrolling 2,686 participants were included. 
Natriuretic peptide-guided therapy (either BNP- 
or NT-pro-BNP-guided therapy) significantly re-
duced all-cause mortality (Odds Ratio [OR]=0.738; 
95% CI=0.596–0.913; p=0.005) and HF-related 
hospitalization (OR=0.554; 95% CI=0.399–

0.769; p=0.001), but not all-cause hospitaliza-
tion (OR=0.803; 95% CI=0.629–1.024; p=0.077). 
When separately assessed, NT-pro-BNP-guided 
therapy significantly reduced all-cause mortal-
ity (OR=0.717; 95% CI=0.563–0.914; p=0.007) 
and CHF-related hospitalization (OR=0.531; 95% 
CI=0.347–0.811; p=0.003), but not all-cause hos-
pitalization (OR=0.779; 95% CI=0.414–1.465; 
p=0.438), whereas BNP-guided therapy did not sig-
nificantly reduce all-cause mortality (OR=0.814; 
95% CI=0.518–1.279; p=0.371), HF-related hos-
pitalization (OR=0.599; 95% CI=0.303–1.187; 
p=0.142) or all-cause hospitalization (OR=0.726; 
95% CI=0.609–0.964; p=0.077). Thus, BNP-guid-
ed therapy did not significantly reduce both mor-
tality and morbidity. On the other hand, improved 
all-cause mortality and CHF-related hospitalization 
rate were found in BNP-guided therapy cohorts.

Cost-effectiveness of natriuretic  
peptides-guided therapy of CHF

Chronic heart failure management strategies 
have been shown to reduce re-hospitalizations and 
mortality, but the costs of treatment may provoke 
concern in the current cost-conscious clinical set-
ting. Recent studies showed that an introduction 
of BNP measurement in CHF management may be 
cost-effective [23, 31. It was found that the optimal 
use of NT-pro-BNP guidance could reduce the use 
of echocardiography by up to 58%, prevent 13% of 
initial hospitalizations, and reduce hospital days 
by 12% [31]. Moreover, NT-pro-BNP-guided as-
sessment was associated with a 1.6% relative re-
duction of serious adverse event risk and a 9.4% 
reduction in costs, translating into savings of 
$474 per patient, compared with standard clinical 
assessment. Adlbrecht C., Huelsmann M., Berger 
R. et al. (2011) from Vienna (Austria) investigated 
a new disease management comparing usual care 
to home-based nurse care and a home-based nurse 
care group in which decision-making was based on 
natriuretic peptides levels [2]. Using a cost-effec-
tiveness model authors concluded that NT-BNP-
guided CHF specialist care in addition to home-
based nurse care is cost effective and cheaper than 
standard care, whereas home-based nurse care is 
cost neutral. Thus, BNP-guided CHF therapy may 
considered high effective strategy to minimize ex-
penditures of health care system for patients with 
heart failure.

Limitations of the natriuretic  
peptides-guided therapy of CHF

Although the pooling of data derived from 
the clinical trials demonstrates an overall effect 
of slightly significant improvement in clinical 
outcomes with the natriuretic peptide-guided 
approach, there are some relatively large stud-



100

ies that failed to document a significant clinical 
improvement in terms of mortality and morbidity 
using natriuretic peptide-guided strategy [9]. On 
the other hand, compared with standard manage-
ment, biomarker-guided care appears cost effec-
tive, may improve patient quality of life, and may 
promote reverse ventricular remodeling. Howev-
er, there is exist between randomized clinical tri-
als and real-world practice affected implementa-
tion of natriuretic peptides guided therapy. The 
limitation of standard care strategies is evident 
from the suboptimal uptake and application of 
proven therapies documented in CHF registries 
[12, 13]. There are certain subgroups such as the 
elderly and subjects at low-to-moderate cardio-
vascular risk that may respond in a less vigorous 
manner to the approach of natriuretic peptides 
guided strategy. In certain studies patients treat-
ed with biomarker-guided care had superior out-
comes when compared with standard heart failure 
management alone, particularly in younger study 
populations, in patients with left ventricular 
systolic dysfunction, and particularly when sub-
stantial reductions in natriuretic peptides were 
achieved in association with biomarker-guided 
care [8]. This may reflect the effects of age on 

CHF therapy. Therefore, subjects at different 
cardiovascular risk may distinguish in responses 
of natriuretic peptides guided therapy. Overall, 
novel approach, based on biomarker serial mea-
surements, is required serious adaptation in real 
clinical practice.

Conclusion

Recent studies suggested that a strategy of 
standard-of-care management together with a goal 
to suppress BNP or NT-pro-BNP concentrations 
leads to greater application of guideline-derived 
medical therapy and is well tolerated. Apart from 
them, a variety of novel (fibroblast-growth factor) 
or already used (high sensitive C-reactive protein, 
ST-2 protein, galectin-3) biomarkers, have been 
tested by small trials for heart failure manage-
ment, without managing to dominate in every day 
care. Larger and better randomized clinical trials 
with high statistical power addressing the unre-
solved issues of natriuretic peptide-guided therapy 
in CHF should be provided in the future. However, 
it might believe that heart failure management will 
probably involve an algorithm using clinical assess-
ment and a biomarker-guided approach.
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ЛІКУВАННЯ ХРОНІЧНОЇ СЕРЦЕВОЇ НЕДОСТАТНОСТІ ПІД 
КОНТРОЛЕМ РІВНЯ ЦИРКУЛЮЮЧОГО НАТРІЙУРЕТИЧНОГО 

ПЕПТИДУ: ВПЛИВ НА КЛІНІЧНІ НАСЛІДКИ ТА ВИЖИВАНІСТЬ 
(огляд літератури)

Огляд присвячений обговоренню сучасної стратегії терапії хронічної серцевої недостатності під 
контролем серійного вимірювання циркулюючого мозкового натрійуретичного пептиду та перспек-
тивам поліпшення виживання пацієнтів шляхом своєчасної корекції фармакотерапії цього захво-
рювання. Обговорюються перспективи використання серійних вимірювань циркулюючого рівня 
мозкового натрійуретичного пептиду ( МНУП ) і NT-pro-МНУП з метою оцінки найближчого і відда-
леного прогнозу для пацієнтів з хронічною сердечною недостатністю, а саме: амбулаторних хворих 
та осіб, госпіталізованих за ургентними показаннями різних вікових груп. Наводяться результати 
основних клінічних досліджень і мета-аналізів , присвячених оцінці ефективності терапії хронічної 
серцевої недостатності, що проводиться під контролем вимірювання циркулюючого рівня натрійу-
ретичних пептидів.

Ключові слова: серцева недостатність, кардіоваскулярний ризик , мозковий натрійуретичний 
пептид , цільова терапія , клінічні наслідки.

А. Е. Березин 
Запорожский государственный медицинский университет

ЛЕЧЕНИЕ ХРОНИЧЕСКОЙ СЕРДЕЧНОЙ НЕДОСТАТОЧНОСТИ  
ПОД КОНТРОЛЕМ УРОВНЯ ЦИРКУЛИРУЮЩИХ 
НАТРИЙУРЕТИЧЕСКИХ ПЕПТИДОВ: ВЛИЯНИЕ  

НА КЛИНИЧЕСКИЕ ИСХОДЫ И ВЫЖИВАЕМОСТЬ 
(обзор литературы)

Настоящий обзор посвящен обсуждению современной стратегии «целевой» терапии хронической 
сердечной недостаточности и возможным перспективам улучшения выживаемости пациентов пу-
тем своевременной коррекции фармакотерапии, зависящей от динамики циркулирующего уровня 
мозговых натрийуретических пептидов. Обсуждаются перспективы использования серийных изме-
рений циркулирующего уровня мозгового натрийуретического пептида (МНУП) и NT-pro-МНУП с 
целью оценки ближайшего и отдаленного прогноза для пациентов с хронической сердечною недо-
статочностью, включая амбулаторных больных и лиц, госпитализированных по ургентным показа-
ниям различных возрастных групп. Приводятся результаты основных клинических исследований 
и мета-анализов, посвященных оценке эффективности терапии хронической сердечной недостаточ-
ности под контролем измерения циркулирующего уровня мозгового натрийуретического пептида.

Ключевые слова: сердечная недостаточность, кардиоваскулярный риск, мозговой натрийурети-
ческий пептид, целевая терапия, клинические исходы.


