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abstract

background

Hospital admissions for acute decompensated heart failure (ADHF) are frequent, and 

are accompanied by high percentages of mortality and readmissions. BNP and NT-

proBNP are currently the best predictors of prognosis in HF patients. In the setting 

of chronic HF, studies that performed guidance of therapy by (NT-pro)BNP have had 

only limited success. For patients with ADHF, retrospective studies have shown that 

a reduction in NT-proBNP of ≤ 30% during admission is a significant predictor of HF 

readmissions and mortality. This data suggests a role for NT-proBNP guidance in the 

setting of ADHF admissions.

study design

The PRIMA II is an investigator-initiated, multicenter, randomized, controlled, pro-

spective two-arm trial that investigates the impact of in-hospital guidance for ADHF 

treatment by a predefined NT-proBNP target ( >30% reduction during admission) on 

the reduction of readmission and mortality rates within 180 days. Consenting ADHF 

patients with NT- proBNP levels of > 1700 ng/L are eligible. After achieving clinical 

stability, a total of 340 patients are randomized to either NT-proBNP-guided or con-

ventional treatment (1:1). The primary endpoint is dual, i.e. a composite of all-cause 

mortality and readmission for HF in 180 days, and the number of days alive out of 

hospital in 180 days. Secondary endpoints are readmissions and/or mortality in 180 

days, cost effectiveness in terms of hospitalization days in 180 days, readmissions and 

mortality in 90 days and Quality of Life.

conclusion

The PRIMA II trial aims at providing scientific evidence for the use of NT-proBNP-

guided therapy compared to conventional treatment in patients admitted for ADHF.
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IntroductIon

Hospital admissions for acute decompensated heart failure (HF) are frequent, and are 

accompanied by high percentages of mortality and readmissions.1 Particularly worri-

some is the high percentage of readmissions which reaches 30 to 60% within 6 months, 

importantly increasing the social and economic burden of this disease.1,2

Plasma brain natriuretic peptide (BNP) and the inactive N-terminal fragment of 

its precursor proBNP, NT-proBNP are to date the best predictors of prognosis in HF 

patients.3-8 NT-proBNP release is induced during ventricular wall tension or stretch, 

and is proportional to ventricular volume expansion and pressure overload. The close 

association between NT-proBNP activation and cardiac status has raised the possibility 

of using NT-proBNP as a guide to optimize HF therapy. However, in the setting of 

chronic HF patients, the gain that is made by this form of guidance has been modest.9-15

In patients admitted with acute decompensated HF, both absolute NT-proBNP 

discharge levels and a relative reduction of less than 30% in NT-proBNP levels from 

ad- mission are significant predictors of readmissions and mortality.16-19 Therefore, a 

role is suggested for NT-proBNP guidance already during admissions for acute decom-

pensated HF and not only for guidance of chronic HF.

The PRIMA II is the first trial to investigate the impact of in-hospital guidance for 

acute decompensated HF by a predefined NT-proBNP target (>30% reduction during 

ad- mission) with help of a treatment algorithm. It is hypothesized that NT-proBNP-

guided treatment reduces readmission and mortality rates in the first 180 days after 

discharge.

Methods and MaterIals

trial oversight

The PRIMA II trial is an investigator-initiated, multicenter, randomized, prospective 

2-arm trial with either NT-proBNP- guided therapy or conventional therapy for acute 

decompensated HF. Four cardiology departments affiliated to the ‘Amsterdamse Hart- 

falen Overleg’ are participating in this trial. The ‘Amsterdamse Hartfalen Overleg’ is 

a collaboration of 7 HF clinics in Amsterdam, treating an estimated number of 3,000 

HF patients. In addition, 4 other centers – not affiliated to the ‘Amsterdamse Hartfalen 

Overleg’ - are participating in this trial. All centers are fully committed to HF research. 

The study was approved by the Medical Ethics Committee of the University of Amster-

dam and Academic Medical Center, The Netherlands. The statistical analyses are per-

formed by the investigators together with an independent statistician who is involved 

in the preparation, analysis, evaluation, and presentation of the study data. The trial 
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is funded by a grant of The Dutch Heart Foundation (2010B97). No other additional 

extramural funding was used to support this work. An independent Safety Monitoring 

Board of acknowledged experts in related fields, not otherwise associated with the trial, 

receives yearly safety and outcome data and acts in a senior advisory capacity on policy 

matters. The trial is registered at the Netherlands Trial Register (NTR3279).

hypothesis

The primary objectives of the present study are to investigate whether NT-proBNP 

guidance - aimed at reducing NT-proBNP with >30% from admission - during in-

hospital treatment for acute decompensated HF reduces the composite endpoint of 

readmission for HF and all-cause mortality in the first 180 days as compared with 

therapy guided by standard clinical judgment alone. A second primary endpoint is the 

number of days alive out of hospital in the first 180 days as compared with therapy 

guided by standard clinical judgment alone. We hypothesize that NT-proBNP-guided 

therapy increases the number of days alive out of the hospital in the first 180 days as 

compared with therapy guided by standard clinical judgment alone. A blinded commit-

tee evaluates all events during the study period and determines whether a clinical end-

point is reached. A readmission for HF is defined as an overnight stay in the hospital 

for acute decompensated HF requiring intravenous diuretics. This is in concordance 

with a recent consensus document of the European Society of Cardiology.20

Secondary endpoints are readmissions for acute HF in the first 180 days, overall 

mortality in the first 180 days, cost effectiveness in terms of hospitalization days in 

the first 180 days, readmissions and mortality in the first 90 days and Quality of Life 

(QoL) measurements. Quality of Life is evaluated with help of the Minnesota Living 

with Heart Failure (MLWHF) questionnaire. Scores range from 0 to 105, with higher 

scores indicating worse symptoms. Subgroup analysis is performed for age (<75 and 

≥75 years), sex, HF etiology (ischemic vs. non-ischemic), de novo or known HF, level 

of admission NT- proBNP (< 5,000, 5,000-10,000 and > 10,000) and left ventricular 

ejection fraction (<35%, 35-50% and >50%).

Patient selection

Patients admitted for acute decompensated HF (either de novo or acute-on-chronic 

HF) and NT-proBNP levels of more than 1,700 ng/L (i.e, 200 pmol/L) measured within 

24 hours of hospital admission are eligible for the PRIMA II study.21 These broad entry 

criteria ensure that the study population is representative of current clinical practice. 

When a patient is admitted with acute decompensated HF and shows clear signs of 

ischemia, an invasive procedure may be urgent and the patient is considered not eli-

gible. The same holds for severe valvular disease urging an operative approach. Other 

exclusion criteria are listed in Table 1.
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clinical stability and randomization

When a patient is enrolled in the trial, treatment for HF is started or continued at the 

discretion of the treating physician and is performed until clinical stability is achieved. 

Clinical stability is defined as having met minimally 3 out of 4 of the following criteria: 

target weight is reached, serum creatinine is stable (< 25% increase from baseline), 

symptoms are improving and mobilization is possible, and adequate discharge medica-

tion is prescribed. In addition, at least 3 days of treatment have to be completed before 

patients can be declared clinically stable. When clinical stability is achieved, patients 

are randomized to either NT-proBNP-guided or conventional therapy. Randomization 

is stratified per center and HF severity in order to distribute patients equally among 

treatment arms (Table 2). The study flow chart is shown in Figure 1. Quality of life 

is assessed at randomization, discharge, 1 month and 6 months after discharge by the 

Minnesota Living with Heart Failure Questionnaire.22

conventional therapy

At the day of randomization, the NT-proBNP level is determined for all study patients, 

and results are blinded for patients in the conventional therapy group. All blinded NT- 

proBNP samples are stored at -80 °C and measurements take place after patients have 

been discharged. NT-proBNP levels for patients in the conventional therapy group are 

only revealed to the study coordinator and research nurse. Discharge and follow-up 

of the patients can be planned at the discretion of the treating physician. If patients 

Table 1. PRIMA II exclusion criteria

1.  Severe Chronic Obstructive Pulmonary Disease (COPD) with forced expiratory volume in 1 
second (FEV1) of < 1L.

2.  Pulmonary embolism within 1 month prior to admission and pulmonary hypertension not 
caused by left ventricle dysfunction.

3. Patients undergoing Continue Ambulant Peritoneal Dialysis (CAPD)/ Haemodialysis patients.

4.  Patients with planned Coronary Artery Bypass Grafting (CABG), Percutaneous Coronary 
Intervention (PCI), Cardiac Resynchronization Therapy (CRT) and/or valvular surgery before 
admission (until one day before admission).

5.  Patients with planned CABG, PCI, CRT and/or valvular surgery during admission until the 
moment of randomization.

6.  Patients in cardiogenic shock at admission requiring invasive treatment.

7.  Patient with a history of ST-segment-Elevated Myocardial Infarction (STEMI), CABG, PCI, 
CRT and/or valvular surgery within 1 month prior to admission.

8.  Signed informed consent for any current interventional study.

9.  Presence of severe non-cardiac related life-threatening disease before inclusion with an 
expected survival of less than 6 months after inclusion.

10. Unwillingness to give or mental of physical status not allowing written informed consent.

11. Circumstances that prevent follow-up (no permanent home address, transient, etc.)
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are discharged at a different day than the randomization day, NT-proBNP levels are 

determined (and blinded) once more. Physicians that treat patients in the conventional 

group are discouraged to measure any additional NT-proBNP or BNP levels during 

admission.

nt-probnP-guided therapy

For patients in the NT-proBNP-guided therapy group, NT-proBNP levels at randomiza-

tion are revealed to the treating physician. Discharge and follow-up of the patient can be 

planned when a reduction in NT-proBNP levels of > 30% from baseline is achieved. In 

case of a NT-proBNP reduction of ≤ 30%, patients follow a predefined algorithm with 

4 additional steps before discharge to improve the number of patients discharged with 

> 30% reduction in NT-proBNP levels (Table 3). For patients who are close to the 

target reduction in NT-proBNP (i.e between 25% and 30% reduction), NT-proBNP 

levels are determined at day 1 post-randomization. Discharge and follow-up can be 

planned when the patient is clinically stable and a NT-proBNP reduction of > 30% 

is achieved. For all patients with a reduction of < 25% and for patients who do not 

achieve the desired reduction at day 1 post-randomization, the condition of the patient 

is evaluated using the predefined algorithm, and NT-proBNP is measured at day 2 post-

randomization. Again, discharge and follow-up can be planned for patients when the 

target of > 30% reduction in NT-proBNP is achieved. If a NT-proBNP reduction of > 

30% is still not achieved, the physician should turn back to the predefined algorithm 

and reconsider all options. Subsequently, at day 4 post-randomization, NT-proBNP 

levels are determined once more. When target NT-proBNP levels are still not met, 

re-evaluation of therapeutic options and optimal HF medication should take place by 

the treating physician, just as further treatment options or palliative care. Discharge 

and follow-up can be planned when the patient is optimally treated.

Table 2. Mild vs. severe heart failure definitions

Mild heart failure Severe heart failure

1. No cardiac asthma and 1. Shock/ suspicion for shock
a. Oliguria (>30cc/ h) and
b. Systolic blood pressure <90 mmHg

2. No shock and Or

3. No hyponatremia ≤130 mmol/L 2. Cardiac asthma
a. Orthopnea with rales and
b. Oxygen dependency and
c. Systolic blood pressure >100 mmHg and
d. New York Heart Association (NYHA) class IV

Or

3. Plasma sodium concentration ≤130 and peripheral edema
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In some cases, it is not possible to perform interventions during the initial admission 

(due to logistic reasons, adequate anticoagulation, etc), Hence, discharge of patients in 

the NT-proBNP-guided group – who are adequately treated with HF medication and 

who are only waiting for an intervention– is allowed at any time after randomization, 

irrespective of the reduction in NT-proBNP levels. Planned interventions listed in the 

algorithm can be performed outside the hospitalization period for logistic reasons only 

and should then be executed within 4 weeks after discharge.

treatment algorithm for lowering nt-probnP

An algorithm for lowering NT-proBNP is followed when the target level is not achieved 

during the trial. The first proposed therapy is pharmacologic as stated in current HF 

guidelines: uptitration or addition of angiotensin-converting-enzyme (ACE) inhibitors 

or angiotensin II receptor blockers, beta-blockers and aldosterone antagonists. Uptitra-

tion or addition of ACE inhibitors, angiotensin II receptor blockers and beta-blockers is 

only recommended for symptomatic HF patients with a reduced ejection fraction (LVEF 

≤ 40%).23 Aldosterone antagonists are only recommended for patients with persistent 

symptoms (NYHA II – IV) and a reduced ejection fraction (LVEF ≤ 35%) despite treat-

ment with ACE inhibitors or beta-blockers.23 For HF patients with a preserved ejection 

fraction, we recommend adequate treatment of hypertension, myocardial ischemia and 

control of ventricular rate in atrial fibrillation.23 The 3 other included therapies in the 

algorithm are more invasive: implantation of cardiac resynchronization therapy (CRT) 

if indicated, a diagnostic coronary angiogram potentially followed by coronary artery 

revascularization, and, as a last item, electrical cardioversion for new onset atrial fibril-

lation.23 The treatment options for HF patients with reduced and preserved ejection 

fractions are listed separately in Table 3.

Table 3. Treatment algorithm for lowering NT-proBNP levels

Table 3a. Predefined algorithm of treatments to consider in HF patients with reduced ejection 
fractions

1. Uptitration or addition of ACE- inhibitor, beta-blocker and/or aldosterone antagonist

2. Cardiac resynchronization therapy for patients who meet current guideline criteria

3. Electrical cardioversion for new onset atrial fibrillation

4. Coronary artery angiography (CAG) or intervention when ischemia is suspected

Table 3b. Predefined algorithm of treatments to consider in HF patients with preserved ejection 
fractions

1. Adequately treat hypertension and myocardial ischaemia

2. Ventricular rate control in atrial fibrillation

3. Electrical cardioversion for new onset atrial fibrillation

4. Coronary artery angiography (CAG) or intervention when ischemia is suspected
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follow-up

Follow-up visits are planned after discharge at 1 week and at 1, 3 and 6 months by local 

cardiologists and HF or research nurses. Only event registration is performed during 
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Figure 1. PRIMA II trial: Flow chart. NT-proBNP = N-terminal pro-B-type natriuretic peptide.
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these visits, except for visit 2 when QoL is assessed. The research nurse or investigator 

contacts all study patients after 6 months for final event registration.

statistical considerations

With 2 x 170 evaluable, randomized patients, the trial has 80% power to claim superior- 

ity of NT-proBNP-guided treatment for the primary endpoints with a 2-sided alpha of 

.05. For this calculation we have assumed that the true hazard ratio of experimental 

subjects relative to control subjects is 0.70 (i.e. reduction in composite endpoint from 

50% to 35%).

Baseline demographic and clinical variables are summarized for each randomized 

arm of the study. Descriptive summaries of the distributions of continuous baseline 

variables are presented in terms of percentiles (e.g., median, 25th and 75th percentile), 

whereas discrete variables are summarized frequencies and percentages.

As this study has 2 primary endpoints, the Hochberg extension of the Bonferroni 

method for multiple comparisons is used to test for statistical significance. The Hoch- 

berg method allows declaring significance for both endpoints if P < .05 for each of 

the endpoints. If P is not <.05 for both endpoints, but for 1 endpoint P<.025, this 

particular endpoint is declared significant. This procedure ensures that the overall type 

I error rate is ≤ .05.

All endpoints are evaluated by an independent committee of 2 cardiologists. Primary 

endpoints are compared by Mann-Whitney U test and Fisher exact test. Kaplan-Meier 

curves are constructed to examine time to first event and tested with the log-rank test. 

Cox regression analysis is performed to compare the total event rates between groups 

with adjustment for differences in baseline variables.

Statistical comparisons of the treatment arms with respect to the secondary end- 

points are performed using Mann-Whitney U and Fisher exact tests.

The Minnesota Living with Heart Failure scores for the different time points are 

compared between the 2 treatment groups with help of a repeated measures analysis of 

variance. All P values are 2-sided. The effect of the treatment options listed in the algo- 

rithm is investigated in a post-hoc analysis. Statistical significance and 95% confidence 

intervals (CIs) are calculated using Cox’ proportional hazards model.

dIscussIon

NT-proBNP- and BNP-guided therapy has been investigated in several trials in subjects 

with chronic HF.9-15,24,25 However, only a modest effect was seen on clinical endpoints 

in these studies, and to date, NT-proBNP-guided or BNP-guided treatment for HF is not 

included in the guidelines. The PRIMA II trial investigates the effect of NT-proBNP-
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guided treatment compared to conventional treatment for acute decompensated HF 

patients on readmissions and mortality rates.

endpoints

For this trial, a composite endpoint of all-cause mortality and readmissions for HF was 

chosen for a number of reasons. First, a much larger sample size would be needed for 

this trial when solely all-cause mortality is chosen as a primary endpoint. Second, al-

though a readmission for HF is generally accepted as a softer endpoint and, in an open 

trial, this could lead to biased reporting, it is clinically very relevant as an outcome 

measure. A readmission for HF does not only reflect quality of care but also contains 

information about the effect of the treatment over time and its cost-effectiveness. To 

prevent the possibility of a bias in event reporting, adjudication of all events during 

study period is performed by an independent blinded committee, who is unaware of the 

randomization group. Hochberg’s method was chosen because both primary endpoints 

constitute equally important therapeutic goals.

randomization

For this trial, randomization is performed when patients have reached clinical stability. 

This choice is based on several considerations. First, the NT-proBNP target aimed at 

in this trial is derived from a discharge prediction model and does not incorporate 

in-hospital mortality. To minimize in-hospital mortality rates, we chose to perform 

randomization at a moment pre-discharge. Additionally, as the study design is not 

double-blind, randomization at admission may cause a bias by intensified treatment 

of the intervention group. Second, randomization at clinical stability allows possible 

treatments to be considered before discharge to improve the cardiac status. Third, a 

choice was made to strive for completion of the treatment options within the time 

period of hospitalization, as previous studies have not been very successful in prevent-

ing readmissions when patients were already discharged.10,12,14 Therefore, the moment 

of achieving clinical stability is chosen as the most optimal timing for randomization. 

In this way, there is no bias in the initial treatment of the 2 groups, are patients likely 

to be discharged, and there is still time to consider further improvement options.

algorithm for lowering nt-probnP

It can be argued that biomarker guidance can only be as successful as the therapy 

available to achieve the target level of the biomarker. At present, the guidelines for 

acute decompensated HF consist of HF medication, as well as therapies that aim to 

treat the common triggers of HF. These therapies include electrical cardioversion for 

atrial fibrillation and coronary artery revascularization for ischemic heart disease. In 

addition, implantation of a CRT device should be considered in case of ventricular 
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dyssynchrony in symptomatic heart failure patients with an ejection fraction below 

35%.23

The following HF therapies – all conventional therapies from current HF guide-

lines – are included in the algorithm: initiation and uptitration of ACE-inhibitors or 

angiotensin II receptor blockers, beta-blockers and aldosterone antagonists.23 Although 

recommended, CRT device implantation is performed infrequently during admission 

for acute decompensated HF and therefore added to the algorithm.26 Although the 

guidelines recommend coronary angiography in suspected ischemic heart disease and 

electrical cardioversion for symptomatic atrial fibrillation during admission for acute 

decompensated HF, strong evidence is lacking. 23 As ischemic heart disease is the 

dominant etiologic factor in approximately 40% of HF patients, a program including 

detection and treatment of ischemic heart disease is likely to improve HF care.27 Perfor-

mance of a coronary angiography (in case of suspected ischemia) is therefore suggested 

for HF treatment optimization. Patients who are admitted for acute decompensated HF 

because of new onset atrial fibrillation differ from patients that are seen in a chronic 

heart failure setting, in which the benefit of a rhythm-control strategy is relatively 

low.28 In patients admitted with acute decompensated HF - when atrial fibrillation is 

seen as the cause of deterioration of HF - a strategy to treat atrial fibrillation should at 

least be considered as treatment strategy.

Although not all “evidence-based” therapies for acute decompensated HF (as for 

chronic HF patients with reduced ejection fractions), the proposed treatment options 

are suggested in order to achieve the desired reduction in NT-proBNP levels. In surveys 

it seems that guideline adherence to medication is not yet fully accomplished.26,29 With 

help of a new target (in this case biomarker guidance) besides the target of clinical 

stability it may be shown that further adherence to the guidelines is accomplished. The 

main purpose of the algorithm is to encourage investigators to follow guideline-based 

directives for management of HF patients in patients not reaching target NT-proBNP 

levels. Guiding therapy in patients admitted for acute decompensated HF with help 

of NT-proBNP levels and potentially improving HF care, could improve prognosis in 

these patients.

After more than a decade of research, there is still no consensus on (NT-pro)BNP- 

guided treatment for HF. In an editorial in JACC of 2009, Maisel30 stated that a trial 

like the one currently proposed is greatly needed and the international HF community 

explicitly awaits this type of study. The PRIMA II trial aims to fill this gap of knowl-

edge and is the first trial to investigate the effect of NT-proBNP-guided therapy during 

admission for acute HF.
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suMMary

NT-proBNP-guided therapy for HF has been investigated in a chronic HF setting in 

several clinical trials with limited success. The PRIMA II trial is the first randomized 

clinical trial to investigate the impact of NT-proBNP-guided therapy during admissions 

for acute HF on clinical outcomes as HF readmission and mortality rates.
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