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Circulating levels of N-terminal pro-brain natriuretic peptide 
and other natriuretic peptides are useful in the diagnosis [1], 
response to device therapy [2] and overall prognosis [3] of 
patients with heart failure [3,4], but most studies have been 
conducted in the setting of acute decompensated heart failure 
[5] or in patients with an acute coronary syndrome [6-8] or acute 
myocardial infarction [9]. Gardner et al. [10] showed that both 

an NT-proBNP concentration above the median and an absolute 
increase in NT-proBNP were independent predictors of mortality, 
and that subjects who had the highest NT-proBNP concentration 
at 4 months were at the greatest risk of death. 

With the increasing burden of heart failure on the health-
care system, there has been a considerable shift to outpatient 
management and the establishment of specialized heart failure 
centers and clinics. Outpatient management results in a lower 
number of hospital admissions, but the patient referral load is 
high. We tested the hypothesis that an initial NT-proBNP blood 
level, measured at the index visit to a heart failure clinic, may 
allow risk stratification of patients so that treatment resources 
may be suitably allotted and prioritized.

Patients and Methods
Patient population
The study included 70 consecutive patients referred to a special-
ized outpatient heart failure center during a 12 month period. 
Apart from one patient there were no admissions for heart failure 
at least 3 weeks prior to the NT-proBNP analysis. 

Patients underwent routine physical examination as well as 
laboratory, electrocardiographic and echocardiographic tests. 
Patients completed the Minnesota Living with Heart Failure 
Quality of Life questionnaire and underwent a 6 minute cor-
ridor walk test to document functional disability. We noted 
background drug therapy, especially the use of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers and 
beta blockers.

On the index visit to the clinic, a blood sample for NT-proBNP 
was drawn. Serum NT-proBNP was measured with the Elecsys 
proBNP electro-chemiluminescence immunoassay run on the 
Elecsys 1010 (Roche Diagnostics, Indianapolis, IN, USA). 

Patient follow-up
Patient follow-up was conducted by direct structured telephone 
interview and frontal communication with the patient and family, 
with additional review of electronic hospital and governmental 
databases. The study was approved by the Helsinki Committee 
of the Lady Davis Carmel Medical Center and all the participants 
signed a written informed consent form prior to inclusion in any 
study procedure.
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Background: Serum natriuretic peptide levels are useful diagnostic 

and prognostic markers in patients with acute decompensated heart 
failure, but have been little used to stratify urgency of treatment in 
the outpatient situation. 

Objectives: To examine the use of natriuretic peptide to guide 
priority of patient referral to a heart failure center.

Methods: We analyzed data from 70 consecutive patients with 
chronic heart failure (NYHA class 2-4) referred for first evaluation in 
a specialized outpatient heart failure center. Serum NT-proBNP was 
measured at the initial patient visit. We examined correlates and 
predictive value of mid- and upper tertile NT-proBNP for mortality in 
comparison with other known prognostic indicators using univariate 
and multivariate logistic regression analysis. 

Results: Mortality at 6 months was 26.0% in patients with 
upper tertile (> 1958 pg/ml) NT-proBNP, 8.7% in the middle tertile 
group and 0% in the lowest tertile (P = 0.017). Patients with upper 
tertile serum NT-proBNP levels (group 3) had lower left ventricular 
ejection fraction, were more often in atrial fibrillation (P = 0.04) 
and more often had renal failure (P = 0.03). Age-adjusted logistic 
regression analysis identified upper tertile serum NT-proBNP level 
as the strongest independent predictor of 6 month mortality with a 
sixfold risk of early death (adjusted odds ratio 6.08, 95% confidence 
interval 1.58–47.13, P = 0.04). NT-proBNP was a more powerful 
predictor of prognosis than ejection fraction and other traditional 
outcome markers. 

Conclusions: In heart failure patients referred to an outpatient 
specialized heart failure center, an upper tertile NT-proBNP level 
identified patients at high risk for mortality. A single high > 550 
pg/ml NT-proBNP measurement appears to be useful for selecting 
patients for care in a heart failure center, and a level > 2000 pg/ml 
for assigning patients to high priority management.
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Statistical analysis
Statistical analysis was performed using a Statistix 8 software 
package (Analytical Software, Tallahassee, FL). We used chi-square 
test, Student’s unpaired t-test, Fisher test and Mann-Whitney 
tests in univariate analysis. To assess the clinical and laboratory 
parameters in the different patient groups, we used one-way 
ANOVA. Then, in a multivariate logistic regression analysis model 
for mortality we tested the parameters including parameters that 
were statistically significant and variables that were considered to 
have a potential influence on short-term outcome. A P value of < 
0.05 was considered to represent statistical significance.

Results
Patient characteristics
The study cohort included 53 men and 17 women (age 69 ± 
13 years) [Table 1] who were in New York Heart Association 
class 2-4). The etiology of heart failure was ischemic in 37 
patients (53%). Associated diseases included systemic hyperten-
sion in 63%, diabetes mellitus in 53%, and chronic renal failure 
in 21%. Atrial fibrillation was present in 44% of the patients. 
Echocardiographic left ventricular ejection fraction was 35 ± 15%. 
Background treatment included ACEI/ARB in 52 patients (74%), 
and beta blockers in 55 patients (79%).

Clinical characteristics in relation to serum NT-proBNP values
Serum NT-proBNP level ranged from 23 to 20,323 pg/ml (mean 
2849). We divided patients into three groups: 24 patients with 
NT-proBNP ≤ 534 pg/ml (lower tertile, group 1), 23 patients with 
NT-proBNP 535–1958 pg/ml (middle tertile, group 2) and 23 
patients with NT-proBNP > 1958 pg/ml (upper tertile, group 3).

Patients in the upper tertile NT-proBNP group (group 3) 
were slightly older (72 ± 2 years), with lower body mass index 
and lower ejection fraction [Table 1]. Etiology of heart failure 
(ischemic/non-ischemic) was similar in the three groups, as was 
the prevalence of diabetes mellitus and hypertension. There were 
no differences in NYHA grade or Minnesota questionnaire score. 
Group 3 patients tended to have a lower 6 minute walk distance. 
Atrial fibrillation (P = 0.04) and chronic renal failure (defined as 
persistent serum creatinine level of > 2 mg/dl) (P = 0.03) were 
more frequent in group 3 patients. Most patients were treated 
with beta-blocking drugs (not significant), but there was a lower 
usage of ACEI/ARB in group 3 patients (52% vs. 83% and 85%, 
P = 0.01).

Mean serum NT-proBNP level was by definition higher in 
group 3 patients (7154 ± 5105 pg/ml). Group 3 patients had 
higher levels of blood urea (P = 0.02), serum creatinine (P < 
0.001) and high sensitive-C reactive protein (P = 0.026) and lower 
hemoglobin levels (P < 0.001) [Table 2]. 

Mortality and determinants
Eight patients died (11.4%) – 6 (26.0%) in group 3, 2 (8.7%) in 
group 2 and none in group 1 (odds ratio 7.94, 95% confidence 
interval 1.45–43.2, P = 0.02 for group 3 patients vs. lower 2 ter-
tiles). Four patients died due to progressive heart failure: two had 
sudden cardiac death and two due to sepsis. In the group of the 

highest NT-proBNP serum level, four died due to heart failure, 
one due to sudden cardiac death and one due to sepsis.

Death occurred on average after the first 4 months (range 
1–6) of follow-up. By univariate analysis, patients who died were 
slightly older (not significant) [Table 3] and had a larger left ven-
tricular dimension with lower systolic blood pressure. LV ejection 
fraction tended to be lower. There was no difference with respect 
to body mass index, ischemic etiology, atrial fibrillation, diabetes 
mellitus, serum renal function tests, QRS width, hemoglobin 

ACEI = angiotensin-converting enzyme inhibitors 
ARB = angiotensin receptor blockers 
NYHA = New York Heart Association 
LV = left ventricular

Table 1. Patient characteristics in relation to serum NT-proBNP levels 

Demographic and clinical data
Total group
(N=70)

Group 1
(N=24)

Group 2
(N=23)

Group 3
(N=23) P*

Age (yrs) 69 ± 13 62 ± 2 74 ± 2 72 ± 2 0.001

Gender (males/females) 53/17 18/6 19/4 16/7 0.58

Body mass index (kg/m2) 29 ± 6 31 ± 1 30 ± 1 27 ± 1 0.05

NYHA Class 3-4 46 (66) 13 (54) 16 (70) 17 (74) 0.32

Ischemic etiology 37 (53) 10 (42) 15 (65) 12 (52) 0.27

Left ventricular ejection fraction (%) 35 ± 15 41 ± 3 34 ± 3 28 ± 3 0.02

6 minute walk distance (m) 173 ± 145 213 ± 32 177±33 124 ± 33 0.15

QOL Minnesota questionnaire 60 ± 23 66 ± 5 51 ± 5 64 ± 5 0.69

Systolic blood pressure (mmHg) 123 ± 23 124 ± 5 123 ± 5 121 ± 5 0.9

QRS duration (msec) 124 ± 37 114 ± 8 124 ± 8 134 ± 8 0.19

Atrial fibrillation 51 (44) 7 (29) 9 (39) 15 (65) 0.04

Associated diseases

Systemic hypertension 44 (63) 13 (54) 16 (70) 15 (65) 0.52

Diabetes mellitus 37 (53) 11 (46) 16 (70) 10 (43) 0.14

Chronic renal failure 15 (21) 2 (8) 4 (17) 9 (39) 0.03

Pharmacotherapy

Beta blocker 55 (79) 18 (75) 19 (83) 18 (78) 0.81

ACEI and/or ARB 52 (74) 20 (83) 20 (85) 12 (52) 0.01

* Differences between groups (analysis of variance)

Numbers in parentheses are percentages

QOL = quality of life 

Table 2. Laboratory values in relation to serum NT-proBNP level 

Total group Group 1 Group 2 Group 3 P*
NT-proBNP (pg/ml) 2849 ± 4211 300 ± 163 1202 ± 481 7154 ± 5105 < 0.001

Blood urea level (mg/dl) 78 ± 54 56 ± 10 82 ± 11 99 ± 11 0.02

Serum creatinine (mg/dl) 1.5 ± 0.6 1.1 ± 0.1 1.6 ± 0.1 1.8 ± 0.1 < 0.001

Creatinine clearance (ml/min) 63 ± 36 91 ± 6 52 ± 6 43 ± 6 < 0.001

Hemoglobin (g/dl) 12 ± 1.8 13.1 ± 0.3 11.8 ± 0.3 11 ± 0.3 < 0.001

hs-CRP (mg/L) 2 ± 4 1.1 ± 0.8 1.1 ± 0.8 3.4 ± 0.8 0.026

Serum sodium level (mEq/dl) 139 ± 4 140 ± 1 139 ± 1 138 ± 1 0.77

Total cholesterol (mg/dl) 154 ± 31 157 ± 6 157 ± 6 148 ± 6 0.56

* Differences between groups (analysis of variance)
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level, sodium level. Serum pro-BNP and hs-CRP tended to be 
higher (NS) in patients who died [Table 4].

The logistic regression model examined predictors of mortality 
with adjustment for age and included body mass index, LV ejection 
fraction, NYHA class, QRS width, ischemic etiology, presence of 
atrial fibrillation, blood urea level, serum creatinine level, hemoglo-
bin level, hs-CRP, and serum NT-proBNP level in the upper tertile 
(> 1958 pg/ml). Serum NT-proBNP level > 1958 pg/ml (upper tertile 
group) was the only significant independent predictor of mortality 
(adjusted OR 7.6, 95%CI 1.4–40.8, P = 0.01). 

Discussion
The study showed the prognostic importance of a single high (> 
2000 pg/ml) serum NT-proBNP level at the index visit to a heart 

hs-CRP = high sensitive C-reactive protein
OR = odds ratio
CI = confidence interval

failure center. Serum NT-proBNP was the strongest independent 
predictor of adverse outcome, with a sixfold increased risk of 
6 month mortality. Patients with high NT-proBNP had more 
advanced cardiac disease, including a lower ejection fraction, 
higher prevalence of atrial fibrillation and renal dysfunction and 
shorter 6 minute walk test distance. There was a graded and 
consistent effect, and patients with even mild (mid-range) eleva-
tion of NT-proBNP (> 500 pg/ml) had a relatively high, almost 
10%, mortality in the early months of treatment.

There is no consensus regarding a single cutoff value of NT-
proBNP for mortality prediction. A variable range, from 1500 to 
5000 pg/ml, was suggested by different groups [11-13]. We chose 
levels by tertiles. The upper third tertile cutoff (> 1958 pg/ml) 
has on the receiver operating curve, a sensitivity of 75% and a 
specificity of 28% for mortality prediction. 

In the acute situation, high levels of NT-proBNP result from a 
surge in NT-proBNP production in reaction to acute myocardial 
dysfunction and increased wall stress [14]. In contrast, in the 
outpatient setting, current guidelines concentrate mainly on 
the ability of the natriuretic peptides to “rule out” significant 
cardiac disease in breathless patients [15-18]. Several studies 
did show that NT-proBNP, in combination with other measures 
such as oxygen consumption [19] or QT interval [20], may be 
a useful prognostic marker in ambulatory heart failure patients 
or in the community [21]. In the COPERNICUS trial [11] and 
in the EuroHeart Failure Survey [22], mean natriuretic peptide 
values were markedly increased, and NT-proBNP was a strong 
predictor of all-cause mortality or hospitalization for heart 
failure. Rothenburger and co-authors [12] showed that patients 
who were candidates for heart transplantation had higher levels 
of NT-proBNP. The present study extends these observations to 
outpatient heart failure patient management and the specialized 
center management program. It also suggests that NT-proBNP 
may be a useful and simple test that may guide the timing of 
patient referral to the heart failure specialist.

Potential limitations of the study
We report a single center experience with a relatively small 
number of patients, and the findings should be confirmed on a 
broader level. The small number of patients may explain the lack 
of formal statistical correlation for certain univariate predictors of 
adverse outcome, but does not negate the ranking of NT-proBNP 
as the most powerful predictor of mortality. The mortality in this 
patient cohort may be higher than that for heart failure patients 
seen in the general population, but these are the patients whose 
management and prognosis are in question. 

Clinical implications
In chronic heart failure patients, a single high serum NT-proBNP 
level of > 550 pg/ml is a simple and important marker for in-
creased mortality and a level of > 2000 pg/ml for very high early 
mortality in patients referred to a heart failure center. Patients 
with very high NT-proBNP levels should be assigned a high prior-
ity intensive management strategy, since a quarter of them may 
not survive the first 6 months of treatment.

Table 3. Characteristics of patients who died

Alive
(N=62)

Dead
(N=8) P

Age (yrs) 68 ± 2* 73 ± 4 0.38

Female gender 15 (88) 2 (12) 1.00

Body mass index (kg/m2) 30 ± 1 27 ± 2 0.18

Diabetes mellitus 35 (95) 2 (5) 0.09

Systemic hypertension 41 (93) 3 (7) 0.23

NYHA class 3-4 40 (65) 6 (75) 0.04

Left ventricular end-diastolic diameter (mm) 55 ± 1 65 ± 4 0.01

Left ventricular ejection fraction (%) 36 ± 2 28 ± 5 0.15

6 minute walk distance (m) 179 ± 20 127 ± 55 0.38

Ischemic etiology 33 (53) 4 (50) 0.86

Systolic blood pressure (mmHg) 124 ± 3 106 ± 8 0.03

Chronic renal failure 13 (21) 4 (50) 0.07

Atrial fibrillation 24 (39) 6 (75) 0.05

QRS width (msec) 120 ± 5 153 ± 13 0.02

QOL (Minnesota questionnaire) 60 ± 3 65 ± 8 0.56

Beta blocker 50 (81) 3 (38) 0.007

ACEI and/or ARB  49 (79)  3 (38)  0.01

Numbers in parentheses are percentages

Table 4. Laboratory findings in relation to mortality

Alive
(N=62)

Dead
(N=8) P

NT-proBNP (pg/ml) 2566 ± 529* 5040 ± 1472 0.12

Blood urea level (mg/dl) 76 ± 7 95 ± 19 0.34

Serum creatinine (mg/dl) 1.44 ± 0.08 1.59 ± 0.22 0.52

Hemoglobin (g/dl) 12.1 ± 0.2 11.4 ± 0.6 0.32

hs-C reactive protein (mg/L) 1.6 ± 0.5 4.2 ± 1.3 0.07

Serum sodium level (mEq/dl) 139 ± 1 138 ± 1 0.41

Serum potassium level (mEq/dl) 5.2 ± 0.7 4.4 ± 1.8 0.71

Uric acid (mg/dl) 8.4 ± 0.4 9.8 ± 1.0 0.19

* Mean ± SE 
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The world’ smallest robot, with a diameter of 1 mm, has 
the unique ability to “crawl” through the inner walls of 
blood vessels using tiny arms that allow it to withstand 
blood pressure in order to progress through veins and 
arteries. The robot is powered by an external magnetic 
field allowing it to be controlled for an unlimited amount 

of time during medical procedures. Although still in 
its beginning stages, possible applications could be in 
brachytherapy (short-distance radiation therapy), which 
is commonly used to treat prostate cancer and cancers 
of the head and neck.
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Technion develops world’s smallest medical robot
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