ORIGINAL ARTICLE

Analysis of correlations between N-terminal

pro-B-type natriuretic peptide levels and

markers of venous pulmonary hypertension

in patients referred for heart transplantation

Karol Wierzbicki', Dorota Sobczyk', Maciej Bochenek!, Irena Milaniak!',
Dorota Ciotczyk-Wierzbicka?, Piotr Wegrzyn', Krzysztof Bartus',

Piotr Przybytowski', Bogustaw Kapelak', Rafat Drwita', Jerzy Sadowski'

1 Department of Cardiovascular Surgery and Transplantology, Jagiellonian University Medical College, John Paul Il Hospital, Krakéw, Poland
2 Department of Medical Biochemistry, Jagiellonian University Medical College, Krakéw, Poland

KEY WORDS

heart failure, heart
transplantation,
NT-proBNP, secondary
venous pulmonary
hypertension

Correspondence to:

Karol Wierzbicki MD, PhD,

Klinika Chirurgii Serca, Naczyh

i Transplantologii, Uniwersytet
Jagielloniski, Collegium Medicum,
Krakowski Szpital Specjalistyczny
im. Jana Pawfa Il, ul. Pradnicka 80,
31-202 Krakéw, Poland, phone:
+48-12-614-30-75,

fax: +48-12-423-39-00,

e-mail: lolekwierzbicki@onet.pl
Received: March 26, 2012.
Revision accepted: May 28, 2012.
Published online: May 30, 2012.
Conflict of interest: none declared.
Pol Arch Med Wewn. 2012;

122 (6): 291-297

Copyright by Medycyna Praktyczna,
Krakéw 2012

ABSTRACT

INTRODUCTION Heart failure (HF) is a growing health care problem in the world. Secondary pulmonary
venous hypertension is usually observed in patients with end-stage heart failure.

0BJECTIVES The main purpose of the study was to evaluate the relationships between N-terminal
pro-B-type natriuretic peptide (NT-proBNP) levels and the markers of secondary venous pulmonary
hypertension in patients referred for heart transplantation (HTX).

PATIENTS AND METHODS  This retrospective analysis included 35 patients (32 men, 3 women; median
age, 55.0; interquartile range [IQR] 12.0 years). The study group consisted of all consecutive patients
referred for HTX, in whom the right-heart catheterization using the Swan-Ganz catheter was performed
at the same time as the measurement of NT-proBNP levels.

RESULTS A high median value of NT-proBNP (3187.0; IQR 2964.0 pg/ml) and elevated pulmonary pressure
were observed in the study group. There was a significant correlation between NT-proBNP levels and the values
of systolic, mean, and diastolic pulmonary artery pressure (r = 0.5, P = 0.001; r = 0.5, P = 0.001; r = 0.5,
P = 0.002; respectively) as well as cardiac output (r = 0.4, P = 0.007). There was also a positive correlation
between pulmonary artery resistance and NT-proBNP levels (r = 0.5, P = 0.006).

concLusions In our study population, the median value of NT-proBNP levels exceeded the normal
range 25 times. There was a correlation between the markers of secondary pulmonary hypertension and
cardiac output and NT-proBNP levels. Elevated NT-proBNP levels in patients with end-stage HF may be
associated with significant secondary venous pulmonary hypertension.

INTRODUCTION Chronic heart failure (HF) has
been recently described as a growing pandemic.
In developed countries, HF affects about 2% of
the general population. What is worse, about 10%
of the patients have advanced HE, which is asso-
ciated with 1-year mortality of 50%.!

In patients scheduled for heart transplantation
(HTX), ischemic cardiomyopathy and congestive
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cardiomyopathy are the most often causes of
end-stage HE? In both conditions, end-stage left
ventricular failure leads to stasis of antegrade
blood flow (in relation to mitral valve), which in
turn leads to secondary venous pulmonary hy-
pertension. Pulmonary hypertension with high
pulmonary arterial resistance (usually above 6
Wood units) makes HTX impossible or extremely
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TABLE 1  Patient characteristics

number of patients 35

male 32(91.4)
sex, n (%)

female 3(8.6)
age, y 55.0 (12.0)
BSA, m? 1.96 +0.2

) ) congestive 10 (28.6)

etiology of cardiomyopathy, n (%) - -

ischemic 25(71.4)
previous surgery, n (%) 3(8.6)
AF, n (%) 7(20)
creatinine, umol/l 99.4 =24.4
risk factor(s) for ischemic disease, n (%) 25(71.4)
hemoglobin, g/dI 13.9 £1.9
LVED, cm 1.3 0.7
LVEF, % 16.0 £4.5

Data are presented as number (percentage), mean =+ standard deviation or median

and interquartile range.

Abbreviations: AF — atrial fibrillation, BSA — body surface area, LVED — left ventricular
end-diastolic diameter, LVEF — left ventricular ejection fraction
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risky.3* B-type natriuretic peptide (BNP) belongs

to the natriuretic peptide family. These polypep-
tide neurohormones participate in the regulation

of water and sodium and cardiovascular homeo-
stasis. Natriuretic peptides are well-known mark-
ers of cardiac etiology of dyspnea.’

In the literature, there are numerous reports
concerning the correlation between BNP levels or
N-terminal pro-BNP (NT-proBNP) and the pres-
ence of arterial pulmonary hypertension (primary
or secondary to systemic shunts) or thromboem-
bolic pulmonary hypertension. However, there is
scarce data relating to the interdependence be-
tween BNP (or NT-proBNP) levels and second-
ary venous pulmonary hypertension in patients
scheduled for HTX.

The purpose of the study was to assess the re-
lationship between NT-proBNP levels and sec-
ondary venous pulmonary hypertension in pa-
tients referred for HTX.

PATIENTS AND METHODS  This retrospective anal-
ysis of medical records was approved by the In-
stitutional Board Review. The study group con-
sisted of 35 patients consecutively referred for
HTX (32 men, 3 women; median age, 55.0, inter-
quartile range [IQR] 12.0 years). Twenty-five pa-
tients had ischemic and 10 patients had conges-
tive cardiomyopathy. NT-proBNP levels were de-
termined in the years 2010 and 2011 (the meth-
od of BNP measurement was changed in 2010).
Echocardiography revealed significant enlarge-
ment of the left ventricular end-diastolic dimen-
sion (LVED; mean, 7 cm) and severely dimin-
ished left ventricular ejection fraction (LVEF;
mean, 15%). Mean hemoglobin levels were in
the low normal range and mean creatinine levels
were below 99 pmol/l (only 1 patient had creati-
nine >140 pmol/l). All patients received tailored
pharmacotherapy according to the guidelines.

The standard treatment consisted of B-blockers
(mainly carvedilol), angiotensin-converting en-
zyme inhibitors, diuretics (spironolactone, loop
diuretics such as furosemide and torasemide). Pa-
tients with ischemic cardiomyopathy were addi-
tionally given acetylsalicylic acid. Detailed charac-
teristics of the patients are presented in TABLE 1.

The inclusion criteria (35 patients) were as fol-
lows: planned HTX, measurement of NT-proBNP
levels with the same method, right-heart cath-
eterization (with pulmonary hypertension as-
sessment) performed at the time of NT-proBNP
measurement. The exclusion criteria were as fol-
lows (2 patients): unreliable right-heart cath-
eterization measurements (in the opinion of
the investigators).

NT-proBNP levels were measured in blood plas-
ma with the chemiluminescence method (COBAS
apparatus, ROCHE, Japan); the levels below 125
pg/ml were considered as within the normal range.
Right-heart catheterization was performed at the
same time as NT-proBNP measurement (dur-
ing the same hospital stay) using the Swan-Ganz
catheter. Indicators of pulmonary artery pressure
(PAP), including systolic PAP (SPAP), diastolic PAP
(DPAP), and mean PAP (MPAP), as well as pul-
monary artery resistance (PAR) were measured
and calculated. Cardiac output (CO) was calcu-
lated using the Fick formula. PAR was calculat-
ed using the formula: PAR = DPAP - PCWP/CO,
where PCWP = pulmonary capillary wedge pres-
sure. The cardiac index (CI) was calculated using
the formula: CI = CO/BSA, where BSA = body
surface area.

The normal ranges of the parameters measured
and calculated during right-heart catheterization
are presented in TABLE 2.5

The reversibility of pulmonary hypertension
was assessed when PAR was above 320 dynes x
s/cm?® (according to our original protocol imple-
mented in 2000).” NT-proBNP levels were corre-
lated with baseline hemodynamic parameters.

A statistical analysis was performed using
STATISTICA 8.0. The Shapiro-Wilk test was used
to test for a normal distribution. Normally dis-
tributed data were expressed as the arithmetic
mean with standard deviation. Nonnormally dis-
tributed data were expressed as median and inter-
quartile range (IQR). The Pearson r test was used

TABLE 2 Normal range of parameters measured during
right-heart catheterization

SPAP, mmHg 15-30
DPAP, mmHg 4-12
MPAP, mmHg 9-18
PAR, dynes s/cm® <160
CO, I/min 4-8

Cl, l/min/m? 24-40

Abbreviations: Cl — cardiac index, CO — cardiac output,
DPAP — diastolic pulmonary artery pressure, MPAP —
mean pulmonary artery pressure, PAR — pulmonary artery
resistance, SPAP — systolic pulmonary artery pressure
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TABLE 3 Pulmonary artery pressure in the study group

Pulmonary pressure Value

SPAP, mmHg 50.8 =17.4
DPAP, mmHg 279 +11.3
MPAP, mmHg 36.3 £13.5

Data are presented as mean =+ standard deviation.

Abbreviations: see TABLE 2
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FIGURE 2 Correlation between N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels and mean pulmonary artery pressure (MPAP)

to study the relationships between 2 values. Sta-
tistical significance was considered as P less than

0.05. A multivariate regression was performed to

assess the significance of parameters.
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RESULTS A high median value of NT-proBNP
was observed in the study group (3187.0; IQR,
2964.0 pg/ml). We also noted elevated pulmo-
nary pressure with SPAP above 50 mmHg (mean
value) (TABLE 3). The analysis of hemodynamic pa-
rameters showed low CO and CI values (median
CO, 3.7; IQR, 1.4 1/min; CI, 1.8; IQR, 0.7 I/min/
m?; respectively). PAR was also significantly el-
evated (median PAR, 250.9; IQR, 248.3 dynes
x s/cm®).

In the study group, 12 patients received vasodi-
lators (nitroglycerine or nitric oxide). The revers-
ibility test was not preformed in 2 patients for
clinical reasons. The reversibility of pulmonary
hypertension (i.e., a decrease in PAR below 320
dynes x s/cm®) was observed in 10 patients. Only
2 patients had persistent pulmonary hyperten-
sion (BNP, 5935 pg/ml and 2044 pg/ml, respec-
tively). Because of a small sample size (2 patients),
statistical analysis was not performed.

A significant correlation was observed between
NT-proBNP levels and SPAP, MPAP, and DPAP (r =
0.5,P=0.001, Ficure 1; = 0.5, P = 0.001, FIGURE 2;
r=0.5, P = 0.002, FIGURE 3; respectively). Similar-
ly, there was a significant correlation between
CO and NT-proBNP levels (r = -0.4, P = 0.007,
FIGURE 4). However, there was no statistical corre-
lation between CI and NT-proBNP levels (r = -0.3,
P =0.07, riGure 5). Finally, we found a significant
correlation between PAR and NT-proBNP levels
(r=0.5, P =0.006, FIGURE 6).

A multivariate regression analysis showed
that none of the parameters assessed during
right-heart catheterization, i.e., SPAP, DPAP,
MPAP, CO, CI, PAR, was an independent predic-
tor of NT-proBNP levels (P = 0.45; P = 0.23; P =
0.18; P = 0.12; P = 0.32; P = 0.61; respectively).
However, a more general multiple regression mod-
el revealed a significant effect of the above pa-
rameters on NT-proBNP levels (R = 0.63; adjust-
ed R?=0.27; P = 0.017).

There was no correlation between patients’
age and the LVED or LVEF (» = 0.01, P = 0.94;
r=-0,1, P=0,95;r = -0.1, P = 0.45; respective-
ly). Neither the LVED nor LVEF correlated with
NT-proBNP levels.

In the follow-up period (i.e., since 2010 - pres-
ent), 6 patients underwent HTX, 11 patients re-
main on the active waiting list, 14 patients were
not eligible for HTX, and 4 patients died.

DISCUSSION BNP is a recognized marker of sys-
tolic and diastolic HE.58 BNP measurement has
become an important tool for establishing a reli-
able diagnosis, predicting prognosis, and guiding
medical therapy.? It has also proved to be clinical-
ly useful in a wide spectrum of other cardiovascu-
lar disorders. It has a valuable prognostic signif-
icance in patients undergoing permanent pace-
maker implantation.'” Serum BNP levels have
also been associated with cardioembolic stroke,
as well as functional outcome and mortality af-
ter ischemic stroke.™
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FIGURE 3 Correlation between N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels and diastolic pulmonary artery pressure (DPAP)
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FIGURE 4 Correlation between N-terminal pro-B-type natriuretic peptide (NT-proBNP)

levels and cardiac output (CO)
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According to the International Society for Heart
and Lung Transplantation (ISHLT) guidelines,
right-heart catheterization is one of the mandato-
ry tests and should be performed in all candidates
for HTX (class I, level of evidence C). Right-heart
catheterization should be scheduled at baseline
evaluation and then repeated at an interval of 3 to
6 months in potential candidates for HTX (class I,
level of evidence C). Hemodynamic reassessment
is advisable especially in the presence of revers-
ible pulmonary hypertension or worsening of HF
symptoms (class I, level of evidence C).

Detailed assessment of the markers of pulmo-
nary hypertension is crucial in therapeutic deci-
sion making, because this pathology is considered
a contraindication to HTX (when PAR is more
than 5 Wood units, or the PAR index is above 6,

or the transpulmonary gradient exceeds 16 to
20 mmHg). Significant pulmonary hypertension
(SPAP above 60 mmHg with any of the 3 preced-
ing variables) increases the risk of right HF and
early death after HTX. If PAR can be reduced to
less than 2.5 with a vasodilator but the systol-
ic blood pressure falls below 85 mmHg, the pa-
tient remains at high risk of right HF and mor-
tality after HTX.*12

Previous studies have shown the clinical utility
of BNP (and NT-proBNP) in pulmonary artery hy-
pertension. Leuchte et al.”® suggested a close rela-
tionship between plasma BNP levels and function-
al impairment in patients with primary pulmo-
nary hypertension. BNP levels paralleled the ex-
tent of pulmonary hemodynamic changes and
right HE"® Nagaya et al." investigated the effect
of right ventricular (RV) hemodynamic variables
on the secretion of BNP in 44 patients with isolat-
ed RV overload (due to atrial septal defect, prima-
ry or thromboembolic pulmonary hypertension).
They found a strong relationship between plasma
BNP levels and the extent of RV dysfunction in
pulmonary hypertension. Plasma BNP correlated
positively with MPAP, total PAR, mean right atrial
pressure, RV end-diastolic pressure, and RV myo-
cardial mass. Mauritz et al." studied the value of
serial NT-proBNP measurements in patients with
arterial pulmonary hypertension. The authors
examined 198 patients. Serial measurements al-
lowed for the calculation of baseline NT-proBNP,
providing an excellent discrimination between
survivors and nonsurvivors with the cut-off val-
ue of 1.256 pg/ml or higher. Moreover, Andreas-
sen et al.'¥ demonstrated that plasma NT-proBNP
can be used to determine the clinical severity of
the disease and is associated with long-term mor-
tality, in a heterogenous group of patients with
chronic precapillary pulmonary hypertension.'
There are several reports concerning the clinical
weight of plasma BNP concentration in the man-
agement of pulmonary arterial hypertension. Park
et al."” established the utility of BNP for predict-
ing response to epoprostenol therapy in pulmo-
nary artery hypertension.

There is only one study concerning BNP as
a predictor of severe pulmonary hypertension
in candidates for HTX. Kubanek et al.’® exam-
ined the population of 43 patients scheduled for
HTX. All patients underwent repeat right-heart
catheterizations (at 3 to 4 month intervals) and
blood sampling for BNP and big-endothelin-1
analysis. Serial BNP testing allowed for reliable
detection of the development of severe pulmo-
nary hypertension.

Our study supports these findings. We
obeserved a high median value of NT-proBNP
(3187.0; IQR, 2964.0 pg/ml) in 35 patients re-
ferred for HTX. NT-proBNP levels significantly
correlated with the values of systolic, mean, and
diastolic pulmonary artery pressures, as well as
with pulmonary arterial resistance.

According to the ISHLT guidelines, the pa-
tient awaiting HTX should be re-evaluated
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FIGURE 5 Correlation between N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels and cardiac index (Cl)
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FIGURE 6 Correlation between N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) and pulmonary artery ressistance (PAR)

with right-heart catheterization at every 3 to 6
months. However, the clinical data may suggest
even more frequent hemodynamic assessment,
and right-heart catheterization remains an in-
vasive procedure with potential complications.
We are still looking for an ideal, noninvasive
test providing a reliable diagnosis of pulmonary
hypertension.

Echocardiography has been used to estimate
SPAP, based on the measurements of tricuspid re-
gurgitant (TR) jet velocity. This method has been
shown to be highly accurate compared with inva-
sive measurements over a wide range of values.
However, this approach requires the presence of
tricuspid regurgitation, obtaining a parallel inter-
cept angle between the TR jet and the ultrasound
beam, as well as a complete the spectrum of TR
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continuous wave curve (the most common lim-
itation). There have been some reports suggest-
ing severe left ventricular diastolic dysfunction as
an independent predictor of pulmonary hyperten-
sion. Straburzynska-Migaj et al.?’ found a correla-
tion between restrictive filling pattern, increased
BNP levels, worse results of cardiopulmonary ex-
ercise test, and pulmonary hypertension.

Considering the above data, right-heart cathe-
terization is the gold standard in diagnosing pul-
monary hypertension.

The results of our study suggest that serial
NT-proBNP measurements should be regard-
ed as the standard assessment in candidates
for HTX. The analysis of NT-proBNP levels may
identify patients at higher risk of severe sec-
ondary venous pulmonary hypertension. A sig-
nificant NT-proBNP elevation in comparison
with the baseline levels should hasten repeat
right-heart catheterization even if long before
the time-limit recommended by the guidelines.
Study limitations A retrospective analysis and
limited sample size due to altered methodology
of NT-proBNP measurement should be considered
the major limitation of the present study.
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STRESZCZENIE

WPROWADZENIE  Niewydolno$¢ serca stanowi rosngcy problem zdrowotny na $wiecie. W krancowej
niewydolno$ci serca czesto obserwuje sig wtérne zylne nadcisnienie ptucne.

CELE  Giéwnym celem pracy byto okres$lenie zalezno$ci miedzy poziomem N-koricowego propeptydu
natriuretycznego typu B (NT-proBNP) a markerami wtérnego zylnego nadci$nienia ptucnego wsréd
pacjentéw kwalifikowanych do przeszczepienia serca (heart transplantation — HTX).

PACJENCI I METODY Retrospektywng analizg objeto 35 pacjentéw (32 mezczyzn oraz 3 kobiety; mediana
wieku 55,0; przedziat miedzykwartylowy (PK) 12,0 lat). Grupe badang stanowili wszyscy kolejni pacjenci
kwalifikowani do HTX, u ktérych wykonano cewnikowanie prawostronne serca za pomoca cewnika Swana
i Ganza w okresie oceny poziomu NT-proBNP.

WYNIKI W badanej grupie zaobserwowano wysoka mediane NT-proBNP (3187,0; PK 2964,0 pg/ml) oraz
podwyzszone ci$nienie w tetnicy ptucnej. Stwierdzono istotng zalezno$¢ miedzy poziomem NT-proBNP
a skurczowym, $rednim i rozkurczowym ci$nieniem w tetnicy ptucnej (odpowiednio: r = 0,5; p = 0,001; r
=0,5p=0,001;r=0,5; p =0,002), a takze rzutem serca (r = —0,4; p = 0,007). Stwierdzono dodatnig
korelacje pomiedzy oporem w tetnicach ptucnych a poziomem NT-proBNP (r = 0,5; p = 0,006).
wnioskl W badanej populacji mediana poziomu NT-proBNP przekraczata norme $rednio 25 razy.
Stwierdzono korelacje miedzy parametrami wtérnego zylnego nadci$nienia ptucnego i rzutem serca
a poziomem NT-proBNP. Podwyzszony poziom NT-proBNP u chorych z kraficowa niewydolno$cig serca
moze $wiadczy¢ o obecno$ci istotnego wtérnego zylnego nadci$nienia ptucnego.
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