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Abstract: Optimizing management of patients with heart failure remains quite challenging despite many significant ad-
vances in drug and device therapy for this syndrome. Although a large body of evidence from robust clinical trials sup-
ports multiple therapies, utilization of these well-established treatments remains inconsistent and outcomes suboptimal in 
“real-world” patients with heart failure. Disease management programs may be effective, but are difficult to implement 
due to cost and logistical issues. Another approach to optimizing therapy is to utilize biomarkers to guide therapeutic 
choices. Natriuretic peptides provide additional information of significant clinical value in the diagnosis and estimation of 
risk inpatients with heart failure. Ongoing research suggests a potential important added role for natriuretic peptides in 
heart failure. Guiding therapy based on serial changes in these biomarkers may be an effective strategy to optimize treat-
ment and achieve better outcomes in this syndrome. Initial, innovative, proof-of-concept studies have provided encourag-
ing results and important insights into key aspects of this strategy, but well designed, large-scale, multicenter, randomized, 
outcome trials are needed to definitively establish this novel approach to management. Given the immense and growing 
public health burden of heart failure, identification of cost-effective ways to decrease the morbidity and mortality due to 
this syndrome is critical. 
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INTRODUCTION 

 Pharmacological and device therapy for heart failure with 
reduced ejection fraction (HFrEF) have evolved significantly 
over the past two decades with several interventions well 
documented to improve outcomes [1, 2]. However, heart 
failure continues to be characterized by high morbidity and 
mortality especially in those hospitalized for decompensation 
[3]. The economic impact associated with hospitalization for 
this condition is immense and has created a major public 
health problem [4]. Despite extensive results from clinical 
trials that are clearly positive, meaningful gaps persist in the 
use of evidence-based therapy [5-7]. These realities have 
recently intensified interest in developing more effective 
strategies to optimize the care of patients with heart failure at 
reduced cost [8-12]. Disease management strategies have 
received a lot of attention, but these approaches are often 
labor intensive and widespread application has been limited 
by variable results and concerns about cost [13-15].  
 Cardiac biomarkers are emerging as a novel strategy for 
management of patients with heart failure [16, 17]. A num-
ber of molecular markers are now well established to be of 
diagnostic and prognostic value in heart failure. This strong  
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association led to the idea that serial monitoring of these 
biomarkers could guide therapy to improve patient outcomes 
[18-22]. Initial studies provide a strong signal that this strat-
egy may be effective. This review is intended to be a con-
temporary update of current findings in this field. After a 
brief introduction concerning the rationale for a biomarker-
guided approach to heart failure management, key issues 
raised by initial clinical trial results will be carefully re-
viewed. Potential reasons for the heterogeneous results of 
these trials will be discussed in the context of study design 
and the actual application of the strategy in the studies con-
ducted to date.  

GUIDING BY BIOMARKERS 

 There are two important characteristics that successful 
biomarkers for guiding therapy for heart failure will share. 
First, useful biomarkers must reflect the severity of the 
pathophysiology of heart failure. Effective markers for 
guiding therapy may not assist in diagnosis, but should ac-
curately predict future risk. Second, biomarkers effective 
for guiding therapy must improve in response to proper 
application of evidence-based therapies for heart failure. 
Thus, serial monitoring to achieve a reduced target level of 
that biomarker should be related to optimization of evi-
dence-based therapy. In this way, biomarkers useful in 
guiding therapy in heart failure may merely be monitors of 
disease activity, like N-terminal pro-B type natriuretic  
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peptide(NT-proBNP), rather than biotargets closely linked 
to the pathophysiological process causing disease progres-
sion, like norepinephrine or angiotensin II.  

CHOICE OF BIOMARKER 

 The natriuretic peptides, B-type natriuretic peptide (BNP) 
and (NT-proBNP), are the most extensively studied bio-
markers for guiding therapy of heart failure [19]. These 
markers have been studied for over a decade in a variety of 
cardiovascular diseases and are well established as aids in 
the diagnosis and prognosis of heart failure [23-26]. Activa-
tion of natriuretic peptides are closely correlated with many 
forms of underlying structural heart disease including degree 
of mitral regurgitation, right ventricular function, and impor-
tantly, left ventricular function, size and wall stress [27-29]. 
This supports their successful use in the diagnosis of heart 
failure and why they are able to effectively predict risk in 
this syndrome [30-32]. Although there are a number of other 
biomarkers that reliably identify high-risk patients like car-
diac specific troponins, ST2, and galectin-3, to date, these 
markers have not been studied as aids to guiding therapy 
[33-36]. 
 Although natriuretic peptides are the current choice for 
biomarker guidance, promising new evidence suggests that 
combining novel markers with natriuretic peptides may be 
even more effective in a so-called multi-marker based strat-
egy. The rationale for multiple markers is straight-forward. 
The pathophysiology of heart failure involves multiple, inter-
related but distinct pathways that cause myocardial damage 
and circulatory failure. Combinations of carefully selected 
markers can better reflect the activity of multiple pathologi-
cal pathways in heart failure and allow therapeutic adjust-
ments based on a comprehensive assessment of this syn-
drome. Support for this concept is provided by prognostic 
studies that show multiple markers, including natriuretic 
peptides, cardiac troponin, ST2, and galectin-3, have inde-
pendent predictive value for adverse outcomes [37-39].  

EFFICACY OF BIOMARKER-GUIDED THERAPY IN 
THE ELDERLY 

 One point of controversy that has emerged from the pilot 
studies of biomarker-guided heart failure therapy concerns 
the ability of this strategy to improve heart failure outcomes 
in elderly patients. Four studies (BATTLESCARRED, 
TIME-CHF, PROTECT, and UPSTEP) have reported de-
tailed analysis of the effectiveness of this strategy specifi-

cally in the elderly (typically age ≥75years old) heart failure 
population [40-44].  
 The first of these studies, BATTLESCARRED, reported 
a significant interaction between age and the treatment bene-
fit of NT-proBNP biomarker-guided therapy. Patients< 75 
years of age showed a significant reduction in all-cause mor-
tality during the study while patients ≥ 75 years of age had 
no improvement in mortality with biomarker guidance. Bio-
marker-guided therapy did not reduce the risk of hospitaliza-
tion in the overall patient population or any age group. In 
analyzing their data, the study investigators found a number 
of potential explanations for differential effectiveness by age 
group. There was significantly less medication titration in 
the older patients and they were significantly less likely to 
reach target doses (all p<0.001), especially for beta-blockers. 
At the end of 12 months, the dose of beta-blocker was 50% 
less for patients ≥ 75 years of age compared to younger pa-
tients and only 12% of older patients achieved target doses 
of beta-blockers (versus 27% of younger patients). Dose of 
ACE-Inhibitor was likewise reduced with older patients who 
received 79% of the dose of younger patients. Only 30% of 
older patients reached target doses for ACE-Inhibitor com-
pared to 50% for younger patients. Finally, this trial included 
patients with heart failure and preserved left ventricular ejec-
tion fraction (HFpEF), defined as LVEF ≥ 40% in this study. 
Fully 53% of study patients aged 75 years or older had pre-
served ejection fraction. At present there are no therapies 
proven to reduce mortality, the primary end point in this 
trial, in patients with HFpEF [45]. Taken together, these age-
related differences would be expected to reduce the effec-
tiveness of biomarker-guided therapy compared to standard 
of care in the elderly patients in this study.  
 Even though the main TIME-CHF trial was restricted to 
patients with HFrEF, study results still suggested a differ-
ence in the effectiveness of NT-proBNP-guided therapy by 
age. Younger but not older patients showed improved out-
comes with this strategy (Table 1). Overall, medication utili-
zation was similar in older and younger patients in this 
study, but the dose titration of beta-blockade was less in 
older patients. The older patients in TIME-CHF did have 
significantly more comorbidities (e.g., cancer and kidney 
disease) than younger patients. Subgroup analysis stratified 
on the frequency of baseline comorbidity suggested that hos-
pitalization-free-survival and all-cause mortality were re-
duced by guided therapy when comorbidity burden was low. 
 In contrast to these two earlier trials, the PROTECT 
study reported a beneficial effect from the strategy of NT-

Table 1. Treatment effect on main outcomes in TIME-CHF (overall and by age group). 

Overall Survival All-Cause Hospital-Free Survival  HF Hospital-Free Survival Group 

HR (95% CI) P HR (95% CI) P HR (95% CI) P 

Overall 0.68 (0.45 - 1.02) 0.06 0.91 (0.72 - 1.14) 0.39 0.68 (0.50 - 0.92) 0.01 

<75 years 0.41 (0.19 - 0.87) 0.02 0.70 (0.49 - 1.01) 0.05 0.42 (0.24 - 0.75) 0.002 

≥ 75 years 0.88 (0.54 - 1.44) 0.61 1.10 (0.82 - 1.47) 0.54 0.87 (0.60 - 1.26) 0.45 

CI=confidence interval, HF=heart failure HR=hazard ratio.p-values from Log-rank test comparing biomarker-guided to standard of care.Table results are adapted from Figure 6 in 
Pfisterer et al. [41]. 
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proBNP-guided therapy in elderly patients. Elderly pa-
tients in the standard of care arm of the trial had a higher 
rate of cardiovascular events compared to older patients in 
the NT-proBNP-guided arm (1.76 events per patient ver-
sus 0.71 events per patient, p=0.03). The adjusted logistic 
odds ratio for cardiovascular events (NT-proBNP-guided 
care versus standard of care) in the elderly study patients 
(n=38) was 0.24 (p<0.008). In study patients<75 years 
(n=113), the adjusted logistic odds ratio for events was 
0.61 (p=0.10). Of interest, overall there was no difference 
in intensification of pharmacological therapy by age 
group. However, among elderly patients there was a 
greater intensification of therapy in the biomarker-guided 
arm than in the standard of care arm. Consistent with the 
finding of better outcomes, NT-proBNP values increased 
in elderly patients in the standard therapy arm, but de-
clined in the NT-proBNP-guided arm (Fig. 1). Some ca-
veats about the positive findings in PROTECT among 
older patients need to be recognized. The number of pa-
tients with advanced age in this study was relatively small 
(n=38) especially compared to the TIME-CHF trial 
(n=289). Also, there were too few deaths in the PRO-
TECT trial to make any assessment of the effect of guided 
therapy on mortality in elderly patients. In the UPSTEP 
trial there was no overall benefit of natriuretic peptide-
guided therapy on adverse outcomes in HFrEF patients. 

However, there was no interaction between age and effi-
cacy of biomarker-guided therapy, with no observed bene-
fit from this strategy in younger or older patients [44]. 
 Careful analysis of available results suggests that elderly 
patients with HFrEF may benefit from a biomarker-guided 
strategy if intensification of medical therapy is possible and 
competing risk from comorbidities does not override the 
beneficial effects of biomarker monitoring. Ongoing analysis 
of trial results with regard to age related differences in the 
benefit of natriuretic peptide-guided therapy in patients with 
heart failure due to systolic dysfunction is warranted.  

MECHANISTIC RATIONALE FOR POSITIVE 
GUIDED TRIALS 

 A recent substudy of the PROTECT trial reported the 
effect of NT-proBNP-guided treatment compared to standard 
of care on echocardiographic assessments of cardiac function 
[46, 47]. Serial echocardiographic studies demonstrated a 
greater improvement in left ventricular ejection fraction in 
the biomarker-guided arm than in standard therapy alone. 
There were also trends for reduction in left ventricular end 
diastolic and end systolic volume with biomarker guidance. 
Additionally, there was evidence for improvement in other 
key echocardiographic assessments of cardiac structure and 
function in the biomarker-guided arm compared to the stan-

 
Fig. (1). Change in NT-proBNP by age group in the study arms. In the older patients there was an increase in NT-proBNP in the standard of 
care (SOC) group, while there was a decline in NT-proBNP in the guided arm of the study. Boxes indicate interquartile ranges, with a me-
dian cross line; the upper and lower whiskers extend to the 5th and 95th percentiles. Figure from Gaggin et al. [43]. 
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dard therapy arm. Patients managed by NT-proBNP-
guidance demonstrated significant improvement in measures 
of right ventricular size and function and significant de-
creases in the ratio of early transmitral peak velocity to early 
diastolic peak annular velocity (E/E’), right ventricular sys-
tolic pressure, and severity of mitral regurgitation compared 
to standard therapy. These findings from the PROTECT 
echocardiographic substudy provide an important mechanis-
tic rationale for the improvement in outcome observed in 
patients managed by natriuretic peptide guidance versus 
standard of care.  

DISEASE MANAGEMENT VERSUS BIOMARKER 
MONITORING 

 Trials comparing heart failure disease management with 
standard care have mixed results, but this strategy remains of 
interest to many. The recent study of Berger et al. provides a 
direct test of whether the addition of natriuretic peptide 
monitoring produces incremental benefit compared to heart 
failure disease management alone versus usual care [48]. 
These investigators compared outcomes in a three-arm, pro-
spective, randomized trial comparing standard of care, heart 
failure disease management, and heart failure disease man-
agement plus biomarker-guided therapy. Natriuretic peptide 
levels decreased from baseline to 12 month follow-up in the 
biomarker-guided group more than in the disease manage-
ment arm. In contrast, there was no decrease in NT-proBNP 
level observed in the usual care group. This study found that 
NT-proBNP-guided therapy reduced the days of heart failure 
hospitalization when compared to both disease management 
and usual care cohorts. The combined endpoint of death or 
heart failure rehospitalization was lower in the biomarker-
guided group than in the disease management arm. Both the 
biomarker guided arm and the disease management arms had 
improved outcomes compared to the usual care group. 

HEALTH ECONOMICS OF BIOMARKER-GUIDED 
THERAPY 

 One rationale for investigation of biomarker-guided ther-
apy is the hope that this strategy will help reduce the high 
cost of care associated with heart failure. Recurrent hospi-
talization accounts for the vast majority of the economic 
burden associated with this syndrome. Given the expected 
marked cost differential between serial biomarker monitor-
ing and hospitalization for heart failure, even a modest re-
duction in admissions due to biomarker guiding could actu-
ally result in a net cost savings. Only rarely can life years be 
prolonged by medical therapy while the cost of care is simul-
taneously reduced.  
 Recently published results from the TIME-CHF study 
provide important, novel data in support of this concept in 
the case of natriuretic peptide-guided therapy for HFrEF 
patients [49]. Analysis of health care costs in this trial found 
that biomarker-guided therapy had a high probability of be-
ing cost-effective. Biomarker-guided therapy resulted in an 
incremental cost-effectiveness ratio of $5,870 per life-year 
gained which is well within the range of commonly accepted 
cost for medical treatments (up to $50,000 per year gained). 
Cost effectiveness was especially evident in patients 60 to 75 
years old and in patients with less than two co-morbidities. 

Of interest, in patients ≥ 75 years of age, biomarker-guided 
therapy did not reduce hospitalization cost but was associ-
ated with the ability to remain in the home as opposed to 
requiring care in assisted living or a nursing home. When the 
additional cost of an alternative residence was taken into 
account, biomarker-guided therapy was associated with an 
actual cost savings of $2,979 per life year gained. 

CRITICAL ASPECTS OF NATRIURETIC PEPTIDE-
GUIDED THERAPY 

 Careful consideration of the rationale for biomarker-
guided therapy with natriuretic peptides helps identify some 
features that will likely be critical to the success of this strat-
egy. Foremost, serial determination of natriuretic peptides 
must drive intensification of heart failure therapy based on 
changes in BNP or NT-proBNP concentration. Clearly, if 
serial elevations of biomarker measurements do not result in 
a change in the pattern of treatment, the strategy is unlikely 
to alter outcomes. Certainly, knowledge of risk provided by 
the initial measurement of the biomarker may also drive 
beneficial behaviors on the part of the patient and the physi-
cian as well as other health care providers that could result in 
better outcomes on existing therapy. This knowledge may 
lead to more careful follow-up and general monitoring in the 
clinic, better compliance with sodium restriction and medica-
tion use by the patient, and greater willingness of the patient 
to seek additional evaluation and treatment at an earlier point 
if they worsen.  
 Monitoring diuretic use with natriuretic peptides may 
improve the utilization of these agents. Diuretic therapy is 
generally regarded as of secondary value, due to inability to 
change or possibly even worsen the underlying natural his-
tory of heart failure. However, congestion remains the over-
whelming reason for hospital admission and diuretics remain 
the mainstay for treating volume overload. Monitoring for 
early, marked elevation or increasing natriuretic peptides 
concentration, can lead to prompt, aggressive use of diuretics 
that could reduce hospitalization for congestion. In addition, 
improving heart failure status related to monitoring natri-
uretic peptide levels may allow reduction in diuretic dose, 
thus making hypotension less of an issue for medication ini-
tiation or up-titration.  
 As noted above, since the biomarker-guided strategy is 
dependent on the ability to favorably alter evidenced-based 
therapy, the type of heart failure may influence the success 
rate of this approach. There is a relative wealth of effective 
therapy for HFrEF versus HFpEF. Currently the paucity of 
proven therapies for HFpEF makes these patients unlikely to 
experience a mortality benefit from serial monitoring of na-
triuretic peptides [50]. In contrast, it is possible that serial 
natriuretic peptide monitoring in selected patients with 
HFpEF that focuses on optimizing volume status and de-
creasing hospital admissions due to congestion could be ef-
fective. 
 Another key aspect of the biomarker-guided strategy is 
the approach to patient follow-up. Clearly there must be a 
balance between visit frequency and patient burden. How-
ever, there must be adequate opportunity to adjust therapy in 
patients with high initial or persistently elevated natriuretic 
peptide levels. Individualizing the number of encounters is 
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appropriate but the protocol must allow for potential recur-
rent and timely visits for therapy adjustment. 

INSIGHTS INTO VARIABLE RESULTS OF PILOT 
BIOMARKER-GUIDED TRIALS 

 The strategy of monitoring natriuretic peptides as an ad-
junct to standard care has been investigated in a number of 
randomized clinical trials to date [47]. Assessed from the 
perspective of classical randomized trial design for mortality 
and morbidity investigation, these studies, in most cases, 
would be regarded as hypothesis generating due to their 
choice of primary endpoint, small sample size and limited 
number of events. Nevertheless, they provide critical insights 
into characteristics likely to be part of the optimal design for 
natriuretic peptide-guided trials, and meta-analysis of their 
results show a very promising suggestion of mortality reduc-
tion [51, 52]. As discussed in detail in this review, there are a 
number of design and performance characteristics likely to 
help distinguish positive versus neutral studies of the bio-

marker-guided strategy. These are discussed in further detail 
below and their close correlation with trial results is pre-
sented in summary form in Table 2.  

DESIGN ISSUES 

 The ideal primary endpoint for a biomarker-guided ther-
apy trial can be debated. In retrospect, questions can be 
raised about the primary endpoint used in the TIME-CHF 
trial, survival free of all-cause hospitalizations. A more tar-
geted, disease specific endpoint such as survival free of hos-
pitalization for heart failure may be more likely to be im-
proved by a biomarker-guided strategy. In fact, this secon-
dary endpoint in the TIME-CHF study was significantly re-
duced in the overall study population (Table 1). The study of 
Berger et al. also showed a signification reduction in the risk 
in this endpoint [48]. In contrast, the PROTECT study was 
positive even though the primary endpoint was not disease 
specific. However, the primary endpoint was cardiovascular 

Table 2. Design and application aspects of natriuretic peptide-guided heart failure trials. 

Study N Primary Endpoint 
Event/ 
Deaths 

Mean 
Age 

PEF 
Target NT-pro 
BNP or BNP* 

(pg/mL) 

Low Target 
NP Reached 

Inc Rx 
Guided Arm 

> SOC 

NP Reduced 
in Guided 

Arm > SOC 

Positive          

PROTECT 151 CV Events 158/10 CV 63 N 1000 Y Y Y 

STARS-BNP 220 HF Death + HF Hosp 82/ 18 65 N 100* Y Y NM 

Troughton et 
al. 

69 CV Events 73/ 8 70 N 1735 Y Y Y 

Berger et al. 278 Survival Free  

HF Hosp 

201/ 76 71 N 2200 Y Y Y 

Equivocal          

TIME-CHF 499 Death +  

All Cause Hosp 

202/ 95 77 N 400 < 75y/o 

800 ≥ 75y/o 

N Y N 

BATTLE-
SCARRED 

364 Death + HF Hosp 196/ NM 76 Y 1270 N N N 

Neutral          

STAR-BRITE 130 Days Alive Out of 
Hospital, 90 days 

N/A/ 4 60 N <450* at dis-
charge 

N N N 

SIGNAL-HF 252 Days Alive Out of 
Hospital, 9 months 

N/A/ 14 78 N 50% below trial 
entry 

N N N 

PRIMA 345 Days Alive Out of 
Hospital 

N/A/ 103 72 Y Level at dis-
charge 

N N N 

NorthStar 407 Death or CV Hosp 175/ 84 73 N 1000 N N N 

UPSTEP 279 Death or Hosp or 
Worsening HF 

NM/ 60 71 N 150* ≤ 75y/o 

300* > 75y/o 

N N NM 

BNP = B-type natriuretic peptide, CV = Cardiovascular, HF=heart failure,Hosp = hospitalizations, Inc = increased,N/A = not applicable, NM = no mention, NP=natriuretic peptide, 
NT-proBNP = N-terminal pro–B-type natriuretic peptide, PEF=preserved ejection fraction, Rx=treatment, SOC= standard of care, y/o = years old. Table results modifiedfrom 
Januzzi [47]. 
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events and the treatment difference was driven by reduction 
in worsening heart failure and heart failure hospitalization. 
Although the baseline characteristics of patients in the vari-
ous trials are difficult to compare directly, the frequency of 
significant comorbidities appears to be greater TIME-CHF 
than PROTECT. These comorbidities would not be expected 
to improve with biomarker guidance and could contribute to 
death and hospitalization even if biomarker guidance re-
duced the risk of heart failure outcomes. In most drug devel-
opment trials, the study selection process results in a patient 
population with a low burden of comorbidity where cardio-
vascular events represent the great majority of adverse out-
comes that occur. This degree of concordance between all-
cause hospitalization and cardiovascular hospitalization 
helps to minimize the difference in results by end point.  

APPLICATION ISSUES 

 Mandating intensification of therapy in the trial design 
does not guarantee this will happen in the conduct of the 
study. So, it is important to determine what actions were 
taken in response to elevated biomarker concentrations. As 
pointed out by the investigators of the BATTLESCARRED 
trial, availability of NT-proBNP results did not drive greater 
intensification of therapy in the biomarker-guided arm of the 
study (Table 3). This may have contributed to neutral nature 
of this study’s outcome results.  
 Another way to assess likelihood of effective medica-
tion titration in biomarker-guided trials is to examine 
changes in natriuretic peptide levels in the guided therapy 
and standard therapy arms. Routinely recommended thera-
pies for heart failure, beta-blockers, ACE-Inhibitors, ARBs, 
and aldosterone antagonists, all reduce natriuretic peptide 
levels during sustained therapy [53-58]. Non-
pharmacologic treatments, like exercise and cardiac resyn-
chronization therapy, also reduce natriuretic peptide con-
centrations [47, 59, 60]. Reduction in natriuretic peptide 

levels in the biomarker-guided arm relative to standard 
therapy is a characteristic finding of positive trials. In con-
trast, neutral trials show no change in natriuretic peptides in 
either the biomarker guided arm or the standard therapy 
arm. Interestingly in the TIME-CHF trial, a neutral effect 
on the study’s primary endpoint was associated with a de-
cline in NT-proBNP level in both the biomarker-guided and 
standard therapy arms. This suggests that a differential ef-
fect on natriuretic peptide concentrations between bio-
marker-guided and standard therapy arms is likely an even 
better marker of success of natriuretic peptide monitoring.  

APPROPRIATE CONTROL GROUP FOR BIO-
MARKER-GUIDED THERAPY TRIALS 

 The appropriate comparison group for biomarker-guided 
therapy remains an important consideration. From a purely 
scientific perspective, there is an understandable desire to 
separate other effects of the strategy, like visit frequency, 
from measurement of the biomarker itself. Although often 
referred to as standard of care, this has led some trials to 
develop a comparison arm to biomarker guidance that is 
similar to disease management in intensity. However, in the 
end, some increase in the frequency of follow-up visits over 
usual care is essential to the biomarker-guided strategy. At 
least in the biomarker strategy, these added visits will be 
targeted to patients with elevated natriuretic peptide levels, 
unlike in a disease management strategy where all patients 
have an intensified visit schedule.  
 An additional argument against a disease management 
style control arm in biomarker-guided trials is that this ap-
proach may give a false indication of true heart failure pa-
tient risk in usual care environments. As the ultimate goal is 
to apply this approach to heart failure patients managed in 
primary care and general cardiology, the true potential bene-
fit of the guided strategy may be more accurately reflected 
by comparing outcomes with true usual care approaches. 

Table3. Medication titration in different arms of the BATTLESCARRED trial. 

Drug Treatment group 0 mos 3 mos 6 mos 12 mos 24 mos 

Furosemide, mg/day NT-proBNP* 

Clinically Guided* 

Usual Care† 

128±23 

149±23 

124±22 

138±20 

144±21 

121±21 

140±22 

134±21 

119±21 

182±22 

166±23 

123±22 

200±27 

197±28 

140±25 

ACE-I, mg/day NT-proBNP 

Clinically Guided 

Usual Care 

12.7±6 

13.3±6 

10.3±6 

13.0±6 

14.7±6 

11.3±6 

13.3±6 

14.6±6 

11.0±6 

13.1±6 

14.2±6 

11.0±6 

12.4±7 

14.0±7 

10.8±6 

Beta-blocker, mg/day NT-proBNP‡ 

Clinically Guided‡ 

Usual Care† 

76±11 

80±11 

73±10 

83±9 

91±9 

74±9 

95±9 

95±9 

75±9 

95±10 

99±10 

73±10 

94±11 

99±12 

72±10 

Spironolactone, mg/day NT-proBNP § 

Clinically Guided 

Usual Care 

20±6 

21±6 

20±2 

22±4 

22±5 

20±2 

22±4 

24±5 

21±2 

20±5 

23±5 

21±2 

16±7 

20±6 

21±3 

Data are shown as mean±SD. Mean doses are for patients receiving drug. Angiotensin-converting enzyme inhibitor (ACE-I) doses are given in enalapril equivalents. Beta-
blockerdoses are given in metoprolol equivalents. *Dose increased over follow-up, p <0.001. †No significant change in dose, and either average dose or increment in dose over 
follow-up is less than in the N-terminal pro–B-type natriuretic peptide (NT-proBNP) group and clinically-guided group, p<0.05. ‡Beta-blocker doses rise in first 6 months, p <0.001. 
§Significant falls over 24 months, p <0.001. Table results from Lainchbury et al. [40]. 
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Review of previous trial results inpatients followed in the 
course of usual care (outside the structure of the trial) show 
the strikingly poor outcome of patients managed in this way, 
especially in high-risk populations defined by a recent hospi-
talization and/or elevated natriuretic peptide levels (Fig. 2). 
Rather than representing a “Straw Man”, poor results in 
usual care are simply a reflection of the reality of heart fail-
ure management in the absence of risk stratification and 
monitoring of the results of therapy over time. At a mini-
mum, future studies should consider collecting data on pa-

tients managed by usual care approaches to complement re-
sults from a comparison group treated by “standard of care” 
that mimics disease management (Fig. 3). 

FUTURE DIRECTIONS 

 Forecasts concerning the long-term economic burden 
related to cardiovascular disease, including heart failure, in 
the United States remain bleak (Fig. 4) [61, 62]. Ongoing 
evaluation of novel clinical strategies for optimizing treat-

 
Fig. (2). The proportion of patients on triple therapy at adequate dose defined as on spironolactone and at ≥ 50% of the target dose of an an-
giotensin-converting enzyme inhibitor/angiotensin receptor blocker and a beta-blocker. Proportions on triple therapy were similar among 
randomized groups at baseline but differed significantly by study end. This proportion was higher in the BM group versus the MC group, and 
higher in the MC versus the UC group at end of follow-up. BM=biomarker group, MC=multidisciplinary care, UC=usual care. Figure from 
Berger et al. [48]. 
 
 

 
Fig. (3). The combined end point of death or heart failure hospitalization was lower in the BM (37%) versus MC group (50%; p < 0.05) and 
in the MC versus UC group (65%; p = 0.04). HF=heart failure. Other abbreviations are as in Fig. (2). Figure from Berger et al. [48]. 
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ment, improving outcomes, and reducing the cost of cardio-
vascular disease is sorely needed. Using biomarkers to opti-
mize cardiovascular therapy represents a major new, poten-
tially effective approach to achieve these goals.  
 New biomarker guided studies in heart failure need to 
apply the rigorous methodology evolved for prospective, 
randomized, controlled clinical trials and build carefully on 
the lessons learned from the pioneering work to date in this 
field. This requirement made it apparent that a prospective, 
large-scale outcomes study was needed to definitively test 
this innovative strategy. This led to the development of  
the GUIDing Evidence Based Therapy Using Biomarker 
Intensified Treatment in Heart Failure (GUIDE-IT) trial, 
funded by the National Heart Lung and Blood Institute, 
which is currently enrolling (www.clinicaltrials.gov identi-
fier NCT01685840). 
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