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Introduction and objectives. The long-term prognostic
value of the B-type natriuretic peptide (BNP) level and
cardiopulmonary exercise testing in patients with heart
failure (HF) who are receiving beta-blocker therapy is not
well established.

Methods. The study involved 80 outpatients (78%
male, age 50 [11] years) with stable HF, severe systolic
dysfunction (left ventricular ejection fraction 25 [9]%), and
intermediate functional impairment (New York Heart
Association functional class 2.4 [0.6]) who were receiving
optimum therapy, including beta-blockers. Their BNP
levels (pg/mL) were measured and cardiopulmonary
exercise testing was carried out to determine maximal
oxygen uptake (VO,,,) and ventilatory efficiency
(VE/VCO, slope). Patients were followed up for 2.7 (0.8)
years. The study endpoints were cardiovascular death,
heart transplantation, and HF hospitalization.

Results. The BNP level and VE/VCO, slope were
greater in patients who died (n=7), at 211 pg/mL (51-266
pg/mL) vs. 46 pg/mL (16-105 pg/mL) (P=.017) and 39 (3)
vs. 33.8 (56.5) (P=.018), respectively, or who had an
adverse event (n=19), at 139 pg/mL (88-286 pg/mL)
versus 40 pg/mL (13-81 pg/mL) (P<.001) and 38.7 (4.3)
versus. 32.9 (5.2) (P<.001), respectively. Only the
combined endpoint was associated with a significant
difference in VO, (19.7 [5.4] versus 16.8 [3.9] mL/kg
per min, P=.016). On multivariate analysis, BNP >102
pg/mL (P=.002; hazard ratio [HR]=5.2; 95% confidence
interval [Cl], 1.8-14.8) and VE/VCO, slope >35 (P=.012;
HR =4.3; 95% CI, 1.4-13.2) were the best predictors of an
adverse event. In patients who satisfied neither, one or
both criteria, 36-month cumulative adverse event rates
were 2%, 25%, and 63%, respectively (log rank, P<.001).

Conclusions. In ambulatory HF patients with
intermediate functional impairment who are receiving

Correspondence: Dr. D.A. Pascual Figal.
Benabia, 7. 30110 Murcia. Espafa.
E-mail: dapascual @ servicam.com

Received March 12, 2007.
Accepted for publication October 31, 2007.

260 Rev Esp Cardiol. 2008;61(3):260-8

optimum beta-blocker therapy, the persistence of a high
BNP level (>102 pg/mL) combined with poor ventilatory
efficiency (VE/VCO, slope >35) identify those with a poor
long-term prognosis.

Key words: B-type natriuretic peptide. Heart failure.
Beta-blockers. Exercise testing.

Valor pronéstico del BNP y la prueba de
esfuerzo cardiopulmonar en la insuficiencia
cardiaca sistdlica en tratamiento con
bloqueadores beta

Introduccion y objetivos. En pacientes con insuficien-
cia cardiaca y tratamiento con bloqueadores beta, el valor
prondstico a largo plazo del péptido natriurético tipo B
(BNP) y la prueba de esfuerzo cardiopulmonar no esté
bien establecido.

Métodos. Se estudié a 80 pacientes ambulatorios con
insuficiencia cardiaca estable (el 78% varones; media de
edad, 50 + 11 anos), disfuncion ventricular severa (FEVI,
25% + 9%), deterioro funcional intermedio (NYHA, 2,4 +
0,6) y tratamiento optimizado que incluyera bloqueadores
beta. Se midi6 el BNP (pg/ml) y se realiz6 una prueba de
esfuerzo cardiopulmonar, en la que se midié el consumo
méximo de oxigeno (VO,,,) Y la ineficiencia ventilatoria
(pendiente VE/VCO,). El seguimiento fue de 2,7 + 0,8
anos y se estudio la muerte cardiovascular, el trasplante
y el ingreso hospitalario por insuficiencia cardiaca.

Resultados. La concentracion de BNP y la pendiente
VE/VCO: fueron mayores en los pacientes que fallecieron
(n=7) (211 [51-266] contra 46 [16-105], p = 0,017; 39 + 3
contra 33,8 + 5,5, p = 0,018) o presentaron cualquier
evento adverso (n = 19) (139 [88-286] contra 40 [13-81],
p < 0,001; 38,7 + 4,3 contra 32,9 + 5,2, p < 0,001). El
VO, Solo alcanzé significacion para el evento combina-
do (19,7 + 5,4 contra 16,8 + 3,9 ml/kg/min, p = 0,016).
Tras el andlisis multivariable, el BNP > 102 pg/ml (p =
0,002; hazard ratio [HR] = 5,2; intervalo de confianza [IC]
del 95%, 1,8-14,8) y la pendiente VE/VCO,>35 (p =
0,012; HR = 4,3; IC del 95%, 1,4-13,2) fueron los mejores
predictores de complicaciones. En presencia de ninguno,
alguno o ambos predictores, la incidencia acumulada de
eventos a 36 meses fue del 2, el 25 y el 63% respectiva-
mente (log rank < 0,001).
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Conclusiones. En pacientes con insuficiencia cardia-
ca, deterioro funcional intermedio y tratamiento optimiza-
do con bloqueadores beta, la persistencia de un BNP ele-
vado (> 102 pg/ml) y la ineficiencia ventilatoria (pendiente
VE/VCO, > 35) identifican a los pacientes con peor pro-
ndstico a largo plazo.

Palabras clave: Péptido natriurético tipo B. Insuficiencia
cardiaca. Bloqueadores beta. Prueba de esfuerzo.

ABBREVIATIONS

ACEi: angiotensin converting enzyme inhibitor
ARA-II: angiotensin II receptor antagonist
BB: beta-blocker
BNP: B-type natriuretic peptide
GFR: glomerular filtration rate
LVEF: left ventricular ejection fraction
ROC curve: receiver operating characteristic curve
VE/VCO,: ventilatory efficiency

(minute ventilation/carbon dioxide production)
VO, . : maximal oxygen consumption

2max*

INTRODUCTION

B-type natriuretic peptide (BNP) is mostly synthesized
in the left ventricle, is released in response to pressure
and volume overload, and has a beneficial effect in patients
with heart failure.'? In recent years the measurement of
BNP has become an aid in the diagnosis®*® of heart failure
and in determining the prognosis of patients with this
syndrome.*® However, while a number of papers have
reported increased BNP levels to be associated with a
poorer prognosis, beta-blocker (BB) treatment was
suboptimal in the majority of populations studied.!°
Treatment with these agents improves patient
prognosis'!''2; however, it also affects BNP values in a
variable fashion.'*!® The prognostic value of BNP in
patients receiving optimized therapy including BB remains
unclear.

Risk stratification is routine clinical practice when
treating patients with heart failure (this is particularly
true in heart transplantation units). An exercise test,
involving measurement of respiratory gases or
cardiopulmonary monitoring, particularly the
measurement of maximum oxygen consumption (VO,,. ),
is a classic tool used in prognostic stratification and
decision-making.'”'® However, it was developed using
populations that were not receiving optimized treatment
including BB.'® Further, the VO, loses its prognostic
potential in patients with intermediate functional
deterioration who are receiving optimized treatment

including BB.'® Patients who receive BB have a better
prognosis for an equivalent VO, ' such that the
recommended cut-off indicating the need for heart
transplantation is reduced from 14 mL/kg/min to <12
mL/kg/min.'"?!

The aim of the present study was to determine the
usefulness of BNP and the cardiopulmonary exercise test
on the long-term risk stratification of patients with systolic
heart failure and intermediate functional deterioration
receiving optimized treatment including BB.

METHODS
Study Design and Patients

The potential study subjects were consecutive
outpatients who attended a clinic for advanced heart
failure associated with a heart transplant program during
2003-2004. Medical treatment was optimized according
to the guidelines in force at the time.?? The final study
population (n=80) was composed of patients receiving
optimized treatment that included BB plus an angiotensin
converting enzyme inhibitor (ACEi) or an angiotensin
II receptor antagonist (ARA-II) (both at the maximum
tolerated dose). These patients were all clinically stable;
none had been subject to any changes in therapy, or
hospitalized within the previous 3 months. All patients
underwent cardiopulmonary exercise testing; none
showed a need for heart transplantation in the short term.
Coronary angiography was performed in 58 patients
(70%) in whom coronary artery disease had not been
ruled out. Following a treatment optimization period,
all patients underwent experimental testing on the same
morning. All echocardiographic and exercise tests were
performed by the same operator. Echocardiography was
performed using a Sonos 5500 apparatus (Philips,
Andover, Massachusetts) before the exercise test, after
taking a sample of blood. The left ventricular ejection
fraction (LVEF) was calculated using the Simpson
method and employing a second harmonic image.
Standardized projections were performed and standard
measurements taken for the study of heart anatomy and
function.?

BNP and Other Blood Variables

After an overnight fast, and following a rest period of
20 min, blood was obtained by venipuncture of the
antecubital vein using a vacuum system. Samples for the
determination of BNP were collected in polystyrene tubes
containing ethylenediaminetetraacetic acid (500 kIU/mL)
and immediately placed on ice. All were centrifuged
within 60 min. The plasma fraction was stored at —80°C
until analysis. Plasma BNP was determined in duplicate
using a sandwich-type solid phase radioimmunoanalytical
technique employing the ShionoRia BNP kit (CIS Bio
International, Gif sur Yvette, France). The lower detection
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limit was 2 pg/mL. Cross reactivity with atrial natriuretic
peptide is specified by the manufacturer as <0.001%.
The coefficient of variability was 6%. The normal
concentration of BNP defined by the manufacturer was
<18.4 pg/mL. The physicians responsible for the
management of the patients were kept blind to the BNP
results; they were not, therefore, available to them for
therapeutic decision-making.

Hemoglobin and hematocrit were determined using an
XE-2100 model automated blood analyzer (Symex, Kobe,
Japan). Other biochemical variables were determined
using a Roche/Hitachi Modular Analyzer (Roche
Diagnosis, Mannheim, Germany). The glomerular filtration
rate (GFR) was calculated using the simplified modification
of diet in renal disease (MDRD) formula (mL/min/1.73 m?:
186.3x[plasma creatinine]—1.154x[age]-0.203) (x0.742
to correct for female sex).

Cardiopulmonary Exercise Test

Using (Marquette, Milwaukee, USA) a modified
Bruce protocol, all subjects underwent a
cardiopulmonary exercise test. Values for gas exchange
and ventilation variables were obtained using a
pneumatograph and analyzer (CPX System, Medical
Graphics Corp., St. Paul, Minnesota, USA); values for
oxygen consumption (VO,), carbon dioxide production
(VCO,), and minute ventilation (VE) were recorded
every 10 s. The patients were encouraged to exercise
until exhaustion. All reached the anaerobic threshold
and showed a respiratory quotient of >1.05. Continuous
electrocardiographic monitoring (12-lead) was
performed throughout the test. Blood pressure was
measured every minute using a  cuff
sphygmomanometer. All patients stopped exercising
due to dyspnea or fatigue; none stopped because of
chest pain or ischemic alterations to the ST segment.
The VO,,,,, was established as the value in the final
phase of exercise, and was expressed as mL/kg/min.
The slope for the relationship between minute
ventilation and the production of carbon dioxide
(VE/VCO,) provided the coefficient of the ventilatory
response to exercise or ventilatory inefficiency.?* The
operator who performed the exercise test was blind to
the BNP values recorded for the patients.

Clinical Follow-up and Events

Patients were followed up for a period of 2.7 (0.8)
years; no patient was lost to follow-up. The adverse
events recorded were death due to cardiovascular cause,
heart transplantation, and hospitalization due to heart
failure. The need for urgent heart transplantation was
considered equivalent to death. The main end points
recorded were death, and its combination with heart
transplantation, and/or hospitalization due to heart
failure.
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Statistical Analysis

The Kolmogorov-Smirnov test was used to check the
normal distribution of quantitative variables. BNP values
showed a deviation from normality, and were therefore
log-transformed for analysis; values are expressed as
medians and interquartile range. Normally distributed
quantitative variables were expressed as means (standard
deviation [SD]); qualitative variables were expressed as
number (and percentage). Comparisons between groups
were undertaken using the Student # test for independent
samples. Univariate Cox regression was used to study
the possible predictors of events. The best prognostic
cut-off was taken as that which maximized specificity
and sensitivity in the analysis of the receiver operating
characteristic (ROC) curve. The cut-off thus obtained
was used in Kaplan-Meier survival analysis (log rank).
Variables that were significant in the univariate Cox
regression were used in multivariate Cox analysis
(conditional forward stepwise method), adjusting for
possible confounding factors. A P value less than .05
was considered significant. All calculations were
performed using SPSS software for the social sciences
(SPSS v. 14.0 for Windows, SPSS Inc., Chicago, Illinois,
USA).

RESULTS
Population and Events

The study population was composed of 80 patients
(78% were men; mean age 50 [11] years). Table 1 records
the patients’ clinical characteristics. As a whole the
subjects showed severe systolic ventricular dysfunction
(LVEF 25% [9%]) and intermediate functional
deterioration (NYHA class I/II/II1, 4/42/34 [2.4 (0.6)]).
The etiology of heart failure in the majority (74%) was
non-ischemic.

Table 2 shows the pharmacological treatment received.
All 80 patients received optimized treatment including
a BB and either an ACEi or an ARA-II drug.

Seven patients (8.8%) died during follow-up (4
suddenly, 3 from refractory cardiogenic shock). Another
6 (7.5%) required a heart transplant, and a further 6 (7.5%)
were hospitalized at least once for decompensated heart
failure. In total 19 (24%) patients experienced some
adverse event during follow-up.

BNP Concentration and Prognosis

The median BNP concentration was 64 (17-130)
pg/mL. It was significantly higher in patients who died
than in those who did not (n=7, 211 [51-266] pg/mL vs
46 [16-105] pg/mL; P=.017), in those who required a
heart transplant compared to those who did not (n=6,
226 [88-527] pg/mL vs 47 [17-108] pg/mL; P=.006),
and in patients associated with the combined event
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TABLE 1. Baseline Patient Characteristics (n=80)

TABLE 2. Pharmacological Treatment (n=80)?

Age, mean (SD), y
Men 62 (77.5)

(
(

High blood pressure 25(31.2)
Diabetes mellitus 18 (22.5)
Body mass index, mean (SD) 27 (4)
NYHA class, mean (SD) 2.4 (0.6)
Ischemic etiology 21 (26.3)

Idiopathic 40 (50)

Valvular 10 (12.5)

Others” 9(11.2)
Sinus rhythm 62 (77.5)
Complete bundle branch block 27 (33.7)
QRS width, mean (SD), ms 126 (40)
LVEF, mean (SD), % 25.0 (9.1)
LVEDV, mean (SD), mL 202 (75)
Creatinine, mean (SD), mg/dL 1.37 (0.46)
GFR, mean (SD), mL/min/1.73 m? 53.2 (20)
Hemoglobin, mean (SD), g/dL 14.9 (1.5)
Sodium, mean (SD), mEq/L 139 (3.3)
Potassium, mean (SD), mEa/L 4.7 (0.6)

GFR indicates glomerular filtration rate (MDRD); LVEF, left ventricular ejection
fraction; LVEDV, left ventricular end-diastolic volume; NYHA, New York Heart
Association functional class.

Values are expressed as numbers (%) and means (SD).

“Others: hypertensive 4 (5), familiar 3 (3.7), myocarditis 2 (2.5).

death/heart transplantation/hospitalization compared to
the remaining patients (n=19, 139 [88-286]) vs 40 [13-
81] pg/mL; P<.001) (Figure 1).

The area under the ROC curve for the prediction of
death was 0.773 (95% CI, 0.670-0.859); for any adverse
event it was 0.814 (95% CI, 0.711-0.892). In both cases
the best cut-off was 102 pg/mL (sensitivity and specificity
72% and 74%, and 79% and 80% respectively). The
negative predictive value were was 96% and 93%,
respectively. Kaplan-Meier survival analysis showed

Beta-blockers 100%
Carvedilol (70%) 22 (12)
Bisoprolol (30%) 4.2 (2.4)

ACEIi/ARA-II 100%
Ramipril (64%) 8.9 (2.1)
Enalapril (20%) 38.8 (5)
Losartan (16%) 79 (25)

Diuretics 95%
Furosemide (91%) 44 (34)
Torasemide (9%) 14.3 (5.3)

Spironolactone 44 (56%)

Digitalis 42 (53%)

2ACEi, angiotensin converting enzyme inhibitors; ARA-II indicates angiotensin
I receptor antagonists.
Values are percentage use (%) and dose (mean [SD], mg/day).

event-free survival to be shorter in patients with a BNP
of >102 pg/mL (log rank <0.001) (Figure 2).

Exercise Test Results and Prognosis

Patients performed exercise for 6 (2.5) min; the mean
VO,,..,was 19 (5) mL/kg/min and the mean VE/VCO,
slope value 34 (6). The VE/VCO, slope was steeper in
patients who died (n=7; 39 [3] compared to 33.8 [5.5]
in those who did not; P=.018) and in those included in
the combined adverse event outcome (n=19; 38.7 [4.3]
compared to 32.9 [5.2]; P<.001) (Figure 3). No
significant differences were seen in VO, between
those who died and those who did not (17.2 [2.9]
compared to 19.2 [5.3]; P=.332), although differences
were seen when a similar comparison was made for the
combined adverse event (16.8 [3.9] compared to 19.7
[5.4]; P=016).
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Figure 1. Box diagram comparing BNP values (pg/mL) and the appearance of events during follow-up.

Rev Esp Cardiol. 2008;61(3):260-8 263



Pascual-Figal DA et al. Prognostic Value of BNP in Patients With Systolic Heart Failure on Beta-Blocker Therapy

100

Log Rank <0,001

Cumulative Survival, %

— BNP <102 pg/mL
BNP 102 pg/mL

93%

45%

0 T T T T T T T
12 15 18 21

Time, Months

24

Figure 2. Kaplan-Meier cumulative
event-free  survival curves
according to BNP values below
or above the optimum reference
value.

27 30

[Sa)
o

P=.018

S S
o ol

wW
ol
ool v Lo Lo Lo v L Lo 1

VE/VCO, Slope

W
o

N
ol

N
o

Yes
Death

50

P<.001

VE/VCO, Slope
&
U N T T T N T N N T N S T I S T S [ S S S S A

T
No Yes
Death, Heart Transplantation, or Hospitalization

Figure. 3. Box diagram comparing the value of the VE/VCO? slope against the appearance of adverse events during follow-up.

The VE/VCO,sslope showed an area under the ROC
curve for the prediction of death of 0.805 (95% CI,
0.702-0.885); the optimum cut-off was 35 (sensitivity
100%, specificity 69%, negative predictive value
100%). For the combined end point, the area under
the curve was 0.814 (95% CI, 0.712-0.893); the best
cut-off point was also 35 (sensitivity 84%, specificity
71%, negative predictive value 94%). Kaplan-Meier
analysis showed event-free survival to be shorter in
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patients with a VE/VCO, slope value of 235 (log rank
<0.001) (Figure 4).

Multivariate Analysis

Following adjustment for the different variables in Cox
multivariate regression analysis, a BNP of >102 pg/mL
and a VE/VCO, slope of >35 were identified as
independent predictors of adverse events (Table 3).
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TABLE 3. Cox Regression for the Prediction of Adverse Events

Univariate

Multivariate

P HR (95% Cl)

P HR (95% CI)

BNP >102 pg/mL <.001 7.3 (2.6-20.2)
VENCO,>35 001 6.4 (2.1-19.0)

VO, 043 0.89 (0.81-0.99)
Age 937 1.0 (0.96-1.04)
LVEF 210 0.96 (0.91-1.02)

002 5.2 (1.8-14.8)
012 43(1.4-13.2)
986 -
152 -
804 -

BNP indicates B-type natriuretic peptide; HR, hazard ratio; LVEF, left ventricular ejection fraction; VE/VCO,, ventilatory ratio; VO,,,,, maximum oxygen consumption.
Adjusted for sex, body mass index, glomerular filtration rate, and sinus rhythm (P>.1 for all these variables).

Kaplan-Meier analysis showed the presence of neither,
one and both predictors to be associated with a cumulative
incidence of 2%, 25%, and 63% (log rank <0.001).

DISCUSSION

The results show the plasma BNP concentration and
the VE/VCO, slope (under cardiopulmonary exercise)
to be the main markers of long-term risk of developing
an adverse event.

Risk stratification forms part of clinical practice
associated with the management of patients with heart
failure (especially in heart transplantation units); VO,
has been the traditional risk measurement tool.!8
However, in patients with intermediate functional
deterioration, such as those in the present study, risk
stratification is more difficult—albeit of great importance

with respect to the medium-long term prognosis. In
recent years, BNP has become recognized for its long-
term prognostic value, although its dependence on the
population studied has limited its use as a prognostic
tool in individual patients. The use of BB seems to affect
BNP concentration; some authors report it to become
reduced'*!*while others report it to undergo a significant
increase.'>'® This might be explained in that beta
adrenergic modulation interacts with the synthesis,
secretion, and clearance of BNP?; an initial increase in
BNP concentration would therefore be expected,
followed by a progressive reduction in parallel with the
clinical and echocardiographic improvement made.?
The present patients all had stable heart failure and had
received BB for at least three months before the start
of the study; the mentioned interaction may therefore
have been minimized.
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free survival curves depending on
whether the BNP concentration
was >102 pg/mL or not, and/or
the VE/VCO, slope value was >35
or not.

BNP levels were found to be a significant prognostic
marker of adverse events taken into account. Other studies
involving similar outpatient populations with different
percentages receiving BB report similar findings, eg, that
of Koglin et al® (n=78; 75% of patients in NYHA class
[I/1IT) in which 79% of patients received BB, and that of
Stanek et al*’ (n=91; 98% of patients in NYHA class
II/III) in which 55% received BB. In the present study,
in which all patients received BB, BNP levels were of
great prognostic significance, and the results confirm its
independence of BB treatment. The same is indicated by
the VAL-HEFT registry, in which the prognostic value
of BNP appears independent of treatment with BB or
ACEi.” Since BNP values are influenced by the
characteristics of the population studied, and given their
linear association with the increase in risk, earlier studies
described many different prognostic reference values,
hindering the practical use of this marker.*'%%2° In the
present outpatients, all of whom received optimized
treatment (all received BB and ACEi, or ARA II), a BNP
of <102 pg/mL was associated with a good prognosis
(7% adverse events), while the persistence of high values
was associated with a significantly increased risk (55%)
of an adverse event in the long term (36 months). This
agrees with the findings of the VAL-HEFT study (which
has the largest number of patients in such a study to date),
in which appropriately treated outpatients showed BNP
values below the cut-off for the diagnosis of heart failure
(100 pg/mL); this was therefore associated with a better

266 Rev Esp Cardiol. 2008;61(3):260-8

prognosis.?®?? These findings therefore indicate that, in
similar outpatient populations (it should be emphasized
that this is only the case for populations similar to those
described in the latter and present studies), and when
administering treatment with BB and ACEi or ARA-II,
BNP values below 100 pg/mL are associated with a
significantly better prognosis.

The prognostic value of VO, was affected by
treatment with BB; these drugs reduce the capacity to
perform exercise but at the same time improve patient
prognosis.'”?! In the present population the VE/VCO,
slope value was a more valuable prognostic marker than
VO,,... This may be partly due to the patients’
intermediate functional deterioration, as shown by the
VO,,.. reached (19 [5] mL/kg/min) which was
significantly above the cut-off value of 12 mL/kg/min
indicated by Peterson et al.?! Several authors report the
prognostic value of measuring ventilatory inefficiency
in response to exercise via the VE/VCO, slope, rating it
even higher than that of VO, ., especially in populations
showing intermediate functional deterioration.?*%-32 The
latter studies involved populations in which under 50%
of patients were treated with BB. In the present study
the mean VE/VCO, slope value was 34 (6), close to the
prognostic cut-off point obtained (>35, which is similar
to that previously published).!73%32 Thus, the present
results indicate that, in patients treated with BB and with
intermediate functional deterioration, the loss of
ventilatory efficiency during exercise (the value of the
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VE/VCO, slope) could be a better long-term prognostic
marker than VO, ..

de Groote et al,** who studied a large population
(n=407) in which 93% of patients received BB, reported
BNP and VO,, ,, (measured as a percentage of that
predicted) to be of independent prognostic value. These
results agree with those of the present study in that,
despite the fact that BNP concentration has been shown
a determinant of the functional capacity and the VO,, .
reached,*3 the prognostic information it provides
complements that offered by the cardiopulmonary
exercise test. Nonetheless, the study by de Groote et al
does not take the VE/VCO, slope value into account;
this was examined in the present study and it was found
to be of greater prognostic value than the VO, . In
addition, the population studied by the latter authors
showed greater functional deterioration (VO,,,, 15.2
[4.8] mL/kg/min), which might determine a greater
prognostic value for VO, . This shows that the
VE/VCO,slope may be of greatest value in populations
showing intermediate functional deterioration, while
VO,,... may be more reliable in populations showing
greater deterioration.

Limitations

The main limitation of this study lies in the
characteristics of the population examined, which prevent
the results to be extrapolated to others. The present
population included relatively young, clinically stable
outpatients with severe ventricular dysfunction, and
intermediate functional deterioration; correct medium-
long term risk stratification is of great importance in such
patients. The findings presented may be of use in the
management of similar patients in heart transplantation
programs; in such programs, patients who do not meet
the criteria for inclusion on the transplant list following
the optimization of treatment, but which are at higher
risk, should be monitored more carefully. Another
limitation is the small size of the study population (due
to the characteristics selected), although to some extent
this is compensated by the long follow-up period. Finally,
the rate of events may appear low, but it reflects that
which might be expected for similar populations following
current therapeutic guidelines.*® The possible effects of
the type of BB administered could not be studied due to
the small population size.

CONCLUSIONS

In outpatients with heart failure who show severe
ventricular dysfunction and intermediate functional
deterioration, for whom a heart transplant in the short
term is not indicated, and for whom treatment has been
optimized (including the administration of BB), the
persistence of a BNP concentration of >102 pg/mL and
ventilatory inefficiency in response to exercise expressed

as a VE/VCO, slope of >35 indicate a greater long-term
risk of complications.

REFERENCES

1. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl
J Med. 1998;339:321-8.

2. Almenar BL, Martinez-Dolz L. Péptidos natriuréticos en insuficiencia
cardiaca. Rev Esp Cardiol. 2006;6:15-26.

3. DoustJA, Glasziou PP, Pietrzak E, Dobson AJ. A systematic review
of the diagnostic accuracy of natriuretic peptides for heart failure.
Arch Intern Med. 2004;164:1978-84.

4. Pascual Figal DA, Cerdan Sdnchez MC, Noguera Velasco JA, Casas
PT, Munoz GL, Garcia RR, et al. Utilidad del NT-proBNP en el
manejo urgente del paciente con disnea severa y diagndstico dudoso
de insuficiencia cardiaca. Rev Esp Cardiol. 2005;58:1155-61.

5. Silver MA, Maisel A, Yancy CW, McCullough PA, Burnett JC Jr,
Francis GS, et al. BNP Consensus Panel 2004: A clinical approach
for the diagnostic, prognostic, screening, treatment monitoring, and
therapeutic roles of natriuretic peptides in cardiovascular diseases.
Congest Heart Fail. 2004;10:1-30.

6. DoustJA, Pietrzak E, Dobson A, Glasziou P. How well does B-type
natriuretic peptide predict death and cardiac events in patients with
heart failure: systematic review. BMJ. 2005;330:625.

7. Latini R, Masson S, Anand I, Salio M, Hester A, Judd D, et al. The
comparative prognostic value of plasma neurohormones at baseline
in patients with heart failure enrolled in Val-HeFT. Eur Heart J.
2004;25:292-9.

8. Koglin J, Pehlivanli S, Schwaiblmair M, Vogeser M, Cremer P, von
Scheidt W. Role of brain natriuretic peptide in risk stratification of
patients with congestive heart failure. J Am Coll Cardiol. 2001;
38:1934-41.

9. Berger R, Huelsman M, Strecker K, Bojic A, Moser P, Stanek B,
et al. B-type natriuretic peptide predicts sudden death in patients
with chronic heart failure. Circulation. 2002;105:2392-7.

10. Gardner RS, Ozalp F, Murday AJ, Robb SD, McDonagh TA.
N-terminal pro-brain natriuretic peptide. A new gold standard in
predicting mortality in patients with advanced heart failure. Eur
Heart J. 2003;24:1735-43.

11. CIBIS Investigators and Committees. A randomized trial of beta-
blockade in heart failure. The Cardiac Insufficiency Bisoprolol Study
(CIBIS). Circulation. 1994;90:1765-73.

12. Fowler MB. Carvedilol prospective randomized cumulative survival
(COPERNICUS) trial: carvedilol in severe heart failure. Am J
Cardiol. 2004;93:B35-9.

13. Takeda Y, Fukutomi T, Suzuki S, Yamamoto K, Ogata M, Kondo
H, et al. Effects of carvedilol on plasma B-type natriuretic peptide
concentration and symptoms in patients with heart failure and
preserved ejection fraction. Am J Cardiol. 2004;94:448-53.

14. Frantz RP, Olson LJ, Grill D, Moualla SK, Nelson SM, Nobrega
TP, et al. Carvedilol therapy is associated with a sustained decline
in brain natriuretic peptide levels in patients with congestive heart
failure. Am Heart J. 2005;149:541-7.

15. Luchner A, Burnett JC Jr, Jougasaki M, Hense HW, Riegger GA,
Schunkert H. Augmentation of the cardiac natriuretic peptides by
beta-receptor antagonism: evidence from a population-based study.
J Am Coll Cardiol. 1998;32:1839-44.

16. Davis ME, Richards AM, Nicholls MG, Yandle TG, Frampton CM,
Troughton RW. Introduction of metoprolol increases plasma B-type
cardiac natriuretic peptides in mild, stable heart failure. Circulation.
2006;113:977-85.

17. Mehra MR, Kobashigawa J, Starling R, Russell S, Uber PA,
Parameshwar J, et al. Listing criteria for heart transplantation:
International Society for Heart and Lung Transplantation guidelines
for the care of cardiac transplant candidates 2006. J Heart Lung
Transplant. 2006;25:1024-42.

Rev Esp Cardiol. 2008;61(3):260-8 267



Pascual-Figal DA et al. Prognostic Value of BNP in Patients With Systolic Heart Failure on Beta-Blocker Therapy

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH Jr,
Wilson JR. Value of peak exercise oxygen consumption for optimal
timing of cardiac transplantation in ambulatory patients with heart
failure. Circulation. 1991;83:778-86.

Pohwani AL, Murali S, Mathier MM, Tokarczyk T, Kormos RL,
McNamara DM, et al. Impact of beta-blocker therapy on functional
capacity criteria for heart transplant listing. J Heart Lung Transplant.
2003;22:78-86.

Lund LH, Aaronson KD, Mancini DM. Predicting survival in
ambulatory patients with severe heart failure on beta-blocker therapy.
Am J Cardiol. 2003;92:1350-4.

Peterson LR, Schechtman KB, Ewald GA, Geltman EM, Delas FL,
Meyer T, et al. Timing of cardiac transplantation in patients with
heart failure receiving beta-adrenergic blockers. J Heart Lung
Transplant. 2003;22:1141-8.

Remme WJ, Swedberg K. Guidelines for the diagnosis and treatment
of chronic heart failure. Eur Heart J. 2001;22:1527-60.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, et al. Recommendations for chamber quantification:
areport from the American Society of Echocardiography’s Guidelines
and Standards Committee and the Chamber QuantificationWriting
Group, developed in conjunction with the European Association of
Echocardiography, a branch of the European Society of Cardiology.
J Am Soc Echocardiogr 2005;18:1440-63.

Chua TP, Ponikowski P, Harrington D, Anker SD, Webb-Peploe
K, Clark AL, et al. Clinical correlates and prognostic significance
of the ventilatory response to exercise in chronic heart failure. J Am
Coll Cardiol. 1997;29:1585-90.

Yoshimoto T, Naruse M, Tanabe A, Naruse K, Seki T, Imaki T, et
al. Potentiation of natriuretic peptide action by the beta-adrenergic
blocker carvedilol in hypertensive rats: a new antihypertensive
mechanism. Endocrinology. 1998;139:81-8.

Fung JW, Yu CM, Yip G, Chan S, Yandle TG, Richards AM, et
al. Effect of beta blockade (carvedilol or metoprolol) on activation
of the renin-angiotensin-aldosterone system and natriuretic peptides
in chronic heart failure. Am J Cardiol. 2003;92:406-10.

Stanek B, Frey B, Hulsmann M, Berger R, Sturm B, Strametz-
Juranek J, et al. Prognostic evaluation of neurohumoral plasma levels

268 Rev Esp Cardiol. 2008;61(3):260-8

28.

29.

30.

31.

32.

33.

34.

35.

36.

before and during beta-blocker therapy in advanced left ventricular
dysfunction. J] Am Coll Cardiol. 2001;38:436-42.

Tang WH, Girod JP, Lee MJ, Starling RC, Young JB, van LF, et
al. Plasma B-type natriuretic peptide levels in ambulatory patients
with established chronic symptomatic systolic heart failure.
Circulation. 2003;108:2964-6.

Anand IS, Fisher LD, Chiang YT, Latini R, Masson S, Maggioni
AP, et al. Changes in brain natriuretic peptide and norepinephrine
over time and mortality and morbidity in the Valsartan Heart Failure
Trial (Val-HeFT). Circulation. 2003;107:1278-83.

Francis DP, Shamim W, Davies LC, Piepoli MF, Ponikowski P,
Anker SD, et al. Cardiopulmonary exercise testing for prognosis in
chronic heart failure: continuous and independent prognostic value
from VE/VCO(2) slope and peak VO(2). Eur Heart J. 2000;21:
154-61.

Kleber FX, Vietzke G, Wernecke KD, Bauer U, Opitz C, Wensel
R, et al. Impairment of ventilatory efficiency in heart failure:
prognostic impact. Circulation. 2000;20:2803-9.

Gitt AK, Wasserman K, Kilkowski C, Kleemann T, Kilkowski A,
Bangert M, et al. Exercise anaerobic threshold and ventilatory
efficiency identify heart failure patients for high risk of early death.
Circulation. 2002;106:3079-84.

de Groote P, Dagorn J, Soudan B, Lamblin N, McFadden E, Bauters
C. B-type natriuretic peptide and peak exercise oxygen consumption
provide independent information for risk stratification in patients
with stable congestive heart failure. J] Am Coll Cardiol. 2004;43:
1584-9.

Kruger S, Graf J, Kunz D, Stickel T, Hanrath P, Janssens U. Brain
natriuretic peptide levels predict functional capacity in patients with
chronic heart failure. ] Am Coll Cardiol. 2002;40:718-22.
Pascual-Figal DA, Pefafiel P, de la Morena G, Redondo B, Nicolas
F, Casas T, et al. Relation of pre- and post-exercise of B-type natriuretic
peptide levels and functional capacity in patients with idiopathic
dilated cardiomyopathy. Am J Cardiol. 2007;99:1279-83.
Freudenberger RS, Kim J, Tawfik I, Sonnenberg FA. Optimal medical
therapy is superior to transplantation for the treatment of class I, 11,
and III heart failure. A decision analytic approach. Circulation.
2006;114 Suppl 1:162-6.



