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Hemodynamic Determinants of Myocardial B-Type
Natriuretic Peptide Release

Relative Contributions of Systolic and Diastolic Wall Stress
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Abstract—Although B-type natriuretic peptide (BNP) is widely used as a biomarker for heart failure, the in vivo
mechanical stimulus for its cardiac release remains poorly defined. We aimed to characterize the hemodynamic
determinants of the transcardiac BNP gradient as a measure of myocardial BNP release by performing a detailed
hemodynamic assessment in subjects with a broad spectrum of systolic and diastolic left ventricular dysfunction.
Forty-two subjects underwent a detailed transthoracic echocardiographic study, right heart catheterization, and
simultaneous BNP measurement in arterial and coronary sinus plasma. The transcardiac BNP gradient was lowest in
subjects with normal left ventricular ejection fraction/high peak early diastolic annular velocity (n�11), intermediate in
those with normal left ventricular ejection fraction/low peak early diastolic annular velocity (n�13), and highest in those
with low left ventricular ejection fraction/low peak early diastolic annular velocity (n�18; 29 ng/L (range: 15 to 78
ng/L) versus 88 ng/L (range: 34 to 172 ng/L) versus 1566 ng/L (range: 624 to 2349 ng/L; P�0.001). Across the range
of patients, left ventricular end-systolic wall stress (r2�0.51) and peak systolic mitral annular velocity (r2�0.47)
showed the strongest correlation with higher transcardiac BNP gradient. In contrast, the transcardiac BNP gradient was
weakly related to indices of diastolic load, including pulmonary capillary wedge pressure (r2�0.27) and left ventricular
end-diastolic wall stress (r2�0.21). Across this spectrum of pathophysiology, left ventricular end-systolic wall stress
appears to be the key mechanical stimulus influencing cardiac BNP release. (Hypertension. 2010;56:682-689.)
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Because of its diagnostic value in patients with shortness
of breath and its prognostic value in patients with heart

failure (HF), B-type natriuretic peptide (BNP) has become a
widely used biomarker in clinical practice.1 BNP is a 32-
amino acid peptide derived from the precursor peptide
prepro-BNP, which is synthesized by atrial and ventricular
cardiomyocytes.1–3 Generation of mature BNP requires the
cleavage of a signal peptide and the biologically inactive
N-terminal proBNP (NT-proBNP).2 Although many aspects
of the biochemistry of BNP biosynthesis and processing are
well known, the physiological regulation of cardiac BNP
release is still not well understood. The most commonly held
view is that stretch of ventricular cardiomyocytes is the key
stimulus for prepro-BNP expression.1 Although measurement
of peripheral BNP has clear cross-sectional use,1 its applica-
bility as a reproducible, reliable serial index of ventricular
function appears more limited. This may reflect the fact that
BNP concentrations in peripheral blood not only reflect
cardiac BNP release but also BNP clearance by the kidneys4,5

and other mechanisms.2

To interpret plasma BNP, it is necessary to understand in
detail the in vivo hemodynamic determinants of its cardiac

release. This is particularly important now as BNP measure-
ment moves into diagnostic algorithms used in the assessment
of patients with suspected HF with a normal left ventricular
(LV) ejection fraction (LVEF).6,7 In HF with reduced LVEF,
previous studies have demonstrated a modest relationship
between the transcardiac BNP gradient, that is, the difference
between BNP concentrations in arterial and coronary sinus
blood (�A-CSBNP) as an invasive measure of myocardial
BNP release, and pulmonary capillary wedge pressure
(PCWP), LV end-diastolic pressure, and LV dimensions.4,8,9

However, to date no studies of transcardiac BNP dynamics
have included subjects with normal LVEF and impaired LV
diastolic function, and as such the biological plausibility of
extending BNP as a biomarker to this group of patients is
lacking.

The aim of the present study, therefore, was to compre-
hensively investigate the hemodynamic determinants of
�A-CSBNP in subjects with impaired LVEF and subjects with
a broad range of systolic and diastolic functions to assess to
most important hemodynamic determinants of cardiac BNP
release.
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Methods
Patients and Protocol
We studied 24 subjects with normal LVEF and 18 subjects with
impaired LVEF. Subjects with normal LVEF underwent right heart
catheterization for evaluation of exertional dyspnea (n�15) or
suspected pulmonary hypertension on echo in the absence of current
symptoms (n�1) or were asymptomatic and volunteered for the
study (n�8). Subjects with impaired LVEF consisted of patients
with advanced HF undergoing an assessment with regard to cardiac
transplantation. No participant reported chest pain. All of the
participants with normal LVEF had undergone a noninvasive test
without evidence of inducible myocardial ischemia. All of the HF
patients with impaired LVEF had previously undergone evaluation
regarding the suitability for myocardial revascularization. Subjects
on dialysis, patients with acutely destabilized HF, and patients with
prosthetic valves were excluded.

All of the subjects underwent transthoracic echocardiography and
right heart catheterization with arterial and coronary sinus blood
sampling. In all of the subjects with normal LVEF, echocardiography
was performed immediately before cardiac catheterization. In pa-
tients with impaired LVEF, echocardiography was predominantly
performed within 48 hours of the invasive study (range: 0 to 34
days). The study was approved by the ethics committee of the Alfred
Hospital, and all of the participants provided written informed
consent. Procedures were performed in accordance with institutional
guidelines.

Echocardiography and Definition of the
Study Groups
Transthoracic echocardiograms were obtained by experienced echo-
cardiographers, using standard views in accordance with current
guidelines for LV chamber quantification10 and assessment of LV
diastolic function.11 Measurements were performed offline by a
single reader blinded to hemodynamic data and BNP and NT-
proBNP results. Measurements were averaged from 3 cycles. Di-
mensions were indexed to height or body surface area as appropriate.
LVEF was calculated using the modified biplane Simpson method.
Peak systolic (s�) and peak early diastolic annular (e�) velocities were
measured by pulsed wave tissue Doppler at the medial and lateral
mitral annulus, and readings were averaged.11

An LVEF cutoff of 50% was used to categorize patients as having
a normal or impaired LVEF. For descriptive purposes, subjects with
a LVEF �50% were further categorized as having normal or
abnormal LV diastolic function based on a cutoff for the averaged e�
of 9 cm/s. This is a reflection of the current recommendations,11

where a medial e� �8 cm/s and a lateral e� �10 cm/s are considered
abnormal, and where averaging of medial and lateral readings is
recommended. Thus, we studied the following 3 groups: patients
with LVEF �50% and e� �9 cm/s (normal LVEF/high e� group;
n�11), patients with LVEF �50% and e� �9 cm/s (normal LVEF/
low e� group; n�13), and patients with LVEF �50% (low LVEF
group; n�18).

Cardiac Catheterization
A 3F arterial line (Cook) was placed in a radial (n�40) or brachial
artery (n�2). A 6F coronary sinus catheter (Cordis) was inserted via
an introducer sheath placed in the right internal jugular (n�12) or
brachial (n�30) vein and positioned under fluoroscopic control. The
tip of the catheter was positioned �2 cm proximal to the orifice of
the coronary sinus, as confirmed by contrast injection. Blood
samples were simultaneously taken from the arterial line and the
coronary sinus catheter. A balloon-tipped 7F thermodilution catheter
(Edwards Lifesciences) was inserted for measurement of right atrial
pressure, right ventricular pressure, pulmonary artery pressure, and
PCWP. The wedge position was confirmed by fluoroscopy and
pressure wave form, and the mean PCWP was measured at end
expiration. Cardiac output was measured using thermodilution with
measurements taken in triplicate. Measurements were indexed to
body surface area, as appropriate. LV end-diastolic wall stress and

LV end-systolic wall stress (LVESWS) were calculated using the
following formula: wall stress�0.334*LV pressure*LV internal
diameter/(posterior wall thickness*[1�posterior wall thickness/LV
internal diameter]), where LV internal diameter and posterior wall
thickness at end diastole or end systole were used.12 PCWP was used
as a surrogate for LV end-diastolic pressure, and systolic arterial
pressure was used as a substitute for LV end-systolic pressure.

Laboratory Analysis
Blood samples were collected in plastic tubes containing ethylene-
diamine-tetra-acetate. BNP and NT-proBNP concentrations in arte-
rial (BNPA and NT-proBNPA) and coronary sinus (BNPCS and
NT-proBNPCS) plasma were measured using the ARCHITECT BNP
assay (Abbott)13 and Roche Elecsys proBNP assay on the E170
analyzer (Roche).14 The within and total coefficients of variation for
ARCHITECT assay and the Elecsys proBNP assay are �5.3% and
�3.0%, respectively.13,14 Transcardiac BNP (�A-CSBNP) and NT-
proBNP (�A-CS NT-proBNP) gradients were calculated as concen-
tration in coronary sinus blood minus concentration in arterial blood.
In the majority of patients, venous blood samples taken from the
introducer sheath in the internal jugular vein or from an antecubital
vein were analyzed for BNP (BNPV; n�35) and NT-proBNP
(NT-proBNPV; n�40). Estimated glomerular filtration rate was
calculated based on a serum creatinine measurement performed on
the day of catheterization using the abbreviated Modified Diet in
Renal Disease study equation.15 All of the analyses were performed
in the clinical laboratory of the Alfred Hospital by technicians
unaware of any clinical data.

Statistical Analysis
Categorical data are given as counts and percentages, and compari-
sons between groups were performed using �2 tests. Distribution of
continuous data was assessed using Shapiro-Wilk tests, and data are
presented as mean�SD or median (interquartile range), as appropri-
ate. Comparisons among the normal LVEF/high e�, normal LVEF/
low e�, and low LVEF groups were performed using ANOVA
followed by Bonferroni post hoc tests. Given that BNP concentra-
tions were not normally distributed, data were log-normal trans-
formed. BNPA and BNPCS were compared using paired t tests. To
assess the major determinants of �A-CSBNP and �A-CSNT-proBNP,
exponential models (y�y0�aeb*x) to achieve optimal curve fit were
used, and all of the models are characterized by their r2 values. We
decided not to use linear models with log-normal transformed BNP,
because this approach a priori implies a linear relationship, which
does not sufficiently reflect the biological relationship between
natriuretic peptides and hemodynamics. A P value �0.05 was
considered statistically significant. Analysis was performed using
commercially available software packages (SPSS, version 15.0,
SPSS, Inc, and SigmaPlot, version 10.0, Systat Software Inc).

Results
Patient Characteristics
For descriptive purposes, the clinical characteristics of the
normal LVEF/high e�, normal LVEF/low e�, and low LVEF
groups are show in Table 1.

LV Structure and Function
As shown in Table 2, the low LVEF group was characterized
by dilated ventricles with eccentric hypertrophy and low
LVEF, whereas the normal LVEF/low e� group was charac-
terized by a smaller left ventricle with more concentric
remodeling and normal LVEF. As also shown in Table 2, s�,
as a measure of LV systolic long-axis function, differed
among all 3 of the groups, being highest in the normal
LVEF/high e� group and being lowest in the low LVEF
group.
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Hemodynamics
Mean pulmonary artery pressure, PCWP, LVESWS, and LV
end-diastolic wall stress were higher and mean arterial
pressure, cardiac index, and stroke volume index were lower
in the low LVEF group compared with the other 2 groups
(Table 2). However, there was no significant difference in
hemodynamics between the normal LVEF/high e� and normal
LVEF/low e� groups.

Plasma Concentrations and Transcardiac
Gradients of Natriuretic Peptides
As shown in Table 3, BNPA in the low LVEF group was
higher than in the other 2 groups, but there was no significant
difference in BNPA between the normal LVEF/high e� and
the normal LVEF/low e� groups. There was a highly signif-
icant step-up in BNP across the heart in all 3 of the groups
(Figure 1). In contrast to BNPA, �A-CSBNP differed among
all 3 of the groups: �A-CSBNP was lowest in the normal
LVEF/high e� group and was highest in the low LVEF group
(Table 3). Similar findings were obtained for NT-proBNP
(Table 3).

Overall, there was a close correlation between BNPA

and �A-CSBNP (r2�0.85; P�0.001) and NT-proBNPA and
�A-CSNT-proBNP (r2�0.90; P�0.001). However, if sub-
jects with LVEF �50% and those with LVEF �50% were
analyzed separately, the associations between BNPA and
�A-CSBNP (LVEF �50%: r2�0.61; LVEF �50%: r2�0.54;

Figure 2) and NT-proBNPA and �A-CSNT-proBNP (LVEF
�50%: r2�0.59; LVEF �50%: r2�0.77) were weaker.

Hemodynamic Determinants of �A-CSBNP
and �A-CSNT-proBNP
In Table 4, models for the relationship between various hemo-
dynamic parameters and �A-CSBNP are shown. The models with
the highest r2 were obtained for higher �A-CSBNP and lower
LVEF, higher LVESWS, and lower s�. The correlations between
�A-CSBNP and LVESWS and s�, respectively, are shown in
Figure 3. To better understand the association between
�A-CSBNP and LVEF, the close inverse association between
higher LVESWS and lower LVEF (r2�0.78) is shown in Figure
4A. There was also a significant inverse correlation between
higher LVESWS and lower s� (r2�0.56; Figure 4B).

There was no significant association between �A-CSBNP
and age, sex, or epidermal growth factor receptor (P�0.05 for
all). There was a significant association between higher
�A-CSBNP and lower hemoglobin (r��0.40; P�0.009).
However, as shown in Table 1, lower hemoglobin was a
surrogate for the low LVEF group.

The r2s for the �A-CS NT-proBNP models were generally
weaker than those for the �A-CS BNP models (Table 4), but
results were very similar to those for �A-CS BNP. The models
with the highest r2 were obtained for higher �A-CSNT-
proBNP and lower LVEF, higher LVESWS, and lower s�.

Table 1. Clinical Characteristics of the Study Groups

Variable
Normal LVEF/High e�

(n�11)
Normal LVEF/Low e�

(n�13)
Low LVEF
(n�18) P

Age, y 50�12 72�60* 51�13‡ �0.001

Male sex, n (%) 6 (55) 10 (77) 13 (72) 0.46

Body mass index, kg/m2 31�10 29�4 25�4 0.07

eGFR, mL/min per 1.73 m2 97�21 86�32 83�20 0.38

Hemoglobin, g/L 150�23 140�13 125�19† 0.005

Diabetes mellitus, n (%) 0 2 (15) 2 (11) 0.42

Aspirin, n (%) 0 3 (23) 7 (39) 0.06

Warfarin, n (%) 1 (9) 1 (8) 14 (78)†‡ �0.001

ACEI/ARB, n (%) 0 7 (54)* 14 (78)† �0.001

�-Blocker, n (%) 0 4 (31)* 16 (89)†‡ �0.001

Ca2� channel blocker, n (%) 0 8 (62)* 0§ �0.001

Diuretic, n (%) 1 (9) 4 (31) 18 (100)†‡ �0.001

Spironolactone, n (%) 0 0 15 (83)†‡ �0.001

Digoxin, n (%) 0 0 8 (44)†‡ 0.001

Sinus rhythm, n (%) 11 (100) 12 (92) 10 (56)†‡ 0.006

Exertional dyspnea, n (%) 4 (36) 11 (85)* 18 (100)† �0.001

NYHA II 4 6 0

NYHA III 0 5 18

Defibrillator, n (%) 0 0 16 (89)†‡ �0.001

Cardiac resynchronization, n (%) 0 0 5 (28) �0.001

Data are given as numbers (percentages) for categorical variables or mean�SD for continuous variables. eGFR indicates estimated
glomerular filtration rate; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.

*P�0.05 compared with normal LVEF/high e� group.
†P�0.05 compared with normal LVEF/high e� group.
‡P�0.05 compared with normal LVEF/low e� group.
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Discussion
This is the first study assessing �A-CSBNP, and its hemody-
namic determinants were assessed using a comprehensive
noninvasive and invasive approach in subjects with a broad
range of LV function. We demonstrated that �A-CSBNP

increased with progressive LV dysfunction, and we found
that lower LVEF, lower s�, and higher LVESWS had the
strongest associations with higher �A-CSBNP.

Experimental data indicate that BNP gene expression in
cardiac myocytes can be upregulated by numerous stimuli

Table 2. Echocardiographic and Invasive Measurements

Variable Normal LVEF/High e� (n�11) Normal LVEF/Low e� (n�13) Low LVEF (n�18) P

LV end-diastolic diameter index, mm/m 30�2 26�3 42�6†‡ �0.001

LV end-diastolic volume index, mL/m2 55�17 38�11 123�49†‡ �0.001

LV end-systolic volume index, mL/m2 20�8 12�5 97�49†‡ �0.001

Relative wall thickness 0.34�0.07 0.40�0.08 0.24�0.07†‡ �0.001

LV mass index, g/m2 89�27 86�17 141�43†‡ �0.001

Left atrial volume index, mL/m2 28�11 32�13 65�23†‡ �0.001

LVEF, % 65�6 69�6 22�7†‡ �0.001

E/A ratio 1.5 (1.2 to 1.6) (n�11) 0.7 (0.6 to 0.9)* (n�12) 3.2 (1.7 to 3.9)†‡ (n�10) �0.001

Deceleration time, ms 210 (163 to 230) 213 (168 to 256) 123 (112 to 155)†‡ �0.001

s�, cm/s 8.6�1.4 6.9�1.2* 3.4�1.0†‡ �0.001

e�, cm/s 11.7�2.1 6.3�1.1* 5.0�2.2† �0.001

Right ventricular fractional area
contraction, %

53�9 52�7 37�17†‡ 0.002

Heart rate, bpm 70�18 67�17 73�12 0.58

Mean arterial pressure, mm Hg 101�16 100�9 76�10†‡ �0.001

Right atrial pressure, mm Hg 6 (2 to 8) 5 (3 to 8) 7 (6 to 14) 0.16

Mean pulmonary artery pressure,
mm Hg

19�7 19�8 30�7†‡ �0.001

PCWP, mm Hg 11�2 12�7 23�5†‡ �0.001

Cardiac index, L/min per m2 3.3�0.5 2.9�1.0 1.8�0.3†‡ �0.001

Stroke volume index, mL/m2 49�10 44�8 26�5†‡ �0.001

PVRI, dyne*s*cm�5*m�2 207�123 199�98 335�170‡ 0.02

SVRI, dyne*s*cm�5*m�2 2319�276 2753�745 2987�665‡ 0.03

LV end-diastolic wall stress,
kdyne/cm2

21 (11 to 26) 18 (12 to 22) 44 (38 to 52)†‡ �0.001

LVESWS, kdyne/cm2 52 (43 to 74) 43 (33 to 60) 175 (123 to 212)†‡ �0.001

Data are given as numbers (percentages) for categorical variables or mean�SD or median (interquartile range) as appropriate for continuous
variables.

*P�0.05 compared with normal LVEF/high e� group.
†P�0.05 compared with normal LVEF/high e� group.
‡P�0.05 compared with normal LVEF/low e� group.

Table 3. Plasma Concentrations and Transcardiac Gradients of BNP and NT-proBNP

Variable
Normal LVEF/High e�

(n�11)
Normal LVEF/Low e�

(n�13) Low LVEF (n�18) P

BNP

BNPA, ng/L 54 (24 to 68) 40 (26 to 212) 1107 (619 to 1819)†‡ �0.001

BNPCS, ng/L 79 (28 to 150) 131 (67 to 445) 3108 (1156 to 4192)†‡ �0.001

�A-CSBNP, ng/L 29 (15 to 78) 88 (34 to 172)* 1566 (624 to 2349)†‡ �0.001

BNPV, ng/L 39 (14 to 64) 53 (17 to 211) 1002 (657 to 2114)†‡ �0.001

NT-proBNP

NT-proBNPA, ng/L 60 (22 to 120) 108 (67 to 372) 3669 (1641 to 6289)†‡ �0.001

NT-proBNPCS, ng/L 80 (33 to 145) 129 (82 to 394) 5425 (2219 to 7935)†‡ �0.001

�A-CSNT-proBNP, ng/L 11 (7 to 25) 31 (10 to 66)* 1375 (578 to 2691)†‡ �0.001

NT-proBNPV, ng/L 61 (23 to 117) 93 (56 to 405) 4083 (1777 to 6691)†‡ �0.001

Data are given as median (interquartile range). BNPA/CS/V/NT-proBNPA/CS/V indicates BNP/NT-proBNP in arterial/coronary
sinus/venous plasma; �A-CSBNP/NT-proBNP, transcardiac BNP/NT-proBNP gradients.

*P�0.05 compared with normal LVEF/high e� group.
†P�0.05 compared with normal LVEF/high e� group.
‡P�0.05 compared with normal LVEF/low e� group.
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through several different pathways.2,16 Apart from endothelin
1, angiotensin II, and �- and �-adrenergic agonists, “mechan-
ical stretch” is regarded as a key mechanism.2,3,16 It has been
suggested that LV end-diastolic wall stress is the most
important hemodynamic parameter regulating the levels of
circulating BNP.12,17 Of note, circulating BNP reflects the
balance between BNP release and elimination. In contrast,
our data suggest that LVESWS is the key loading parameter
for �A-CSBNP, that is, cardiac BNP release, indicating that
LV geometry and afterload rather than filling pressures are
the most important mechanical determinants of cardiac BNP
release. The strength of our study compared with previous
ones evaluating the relationship between plasma BNP levels
and wall stress12,17 lies in the fact that we studied subjects

with a broad range of LV dysfunction, including a group with
normal LVEF and normal LV diastolic function. Most im-
portantly, in our study we measured �A-CSBNP rather than
peripheral BNP.

Similar to many cross-sectional studies revealing an asso-
ciation between higher plasma BNP and lower LVEF,18 we
found a strong association between lower LVEF and higher
�A-CSBNP. Physiologically, however, LVEF does not reflect
a specific mechanical load that would contribute to the
regulation of BNP gene expression or release by cardiomyo-
cytes. Rather, we demonstrated that LVEF was strongly
negatively correlated with higher LVESWS, which is a more
likely regulator of BNP release. Therefore, we propose that
impaired LVEF is a surrogate for LV dilatation and, thus,
increased wall stress and, hence, higher �A-CSBNP and
thereby also circulating BNP.

Although LVESWS in our model accounted for 	50% of
the variability of �A-CSBNP, clearly other hemodynamic or
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Figure 1. Changes in BNP concentrations between arterial and
coronary sinus plasma in the normal LVEF/high e� (A), normal
LVEF/low e� (B), and low LVEF (C) groups displayed as individ-
ual data points.
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Figure 2. Scatter plot displaying the correlation between arterial
BNP plasma concentrations (BNPA) and transcardiac BNP gradi-
ents (�A-CSBNP). Ln indicates natural logarithm.

Table 4. Prediction Models for �A-CSBNP and �A-CSNT-proBNP

Variable �A-CSBNP, r2 �A-CSNT-proBNP, r2

LV end-diastolic volume index 0.26 0.16

LV end-systolic volume index 0.30 0.17

LV mass index 0.30 0.15

LVEF 0.52 0.33

Deceleration time 0.29 0.13

s� 0.47 0.30

e� 0.16 0.08

PCWP 0.27 0.20

Cardiac index 0.42 0.19

LV end-diastolic wall stress 0.21 0.15

LVESWS 0.51 0.33

Systolic blood pressure 0.27 0.22

Diastolic blood pressure 0.29 0.29

Mean arterial pressure 0.24 0.06

Right ventricular fractional area
contraction

0.16 0.15
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nonhemodynamic3,17 factors also play important roles. For
example, in the LVEF/high e� and normal LVEF/low e�
groups a significant difference in �A-CSBNP was evident, but
LVESWS did not differ. As another novel finding, we report
an increase in �A-CSBNP with decreasing s�, a measure of
longitudinal LV systolic function, which, as shown by the
present and previous studies,19 can be reduced despite normal
LVEF. A previous study had shown a relationship between
higher s� and lower peripheral BNP.20 It is also possible that
regional variability in release of BNP could occur in the
context of local variation in mechanical stress, as might be
present in the setting of mechanical dyssynchrony.

Similar to LVEF, s� is also dependent on afterload,21 and
this may also reflect structural alterations of the myocardium,
such as fibrosis. Notably, s� has been shown to be an
independent predictor of mortality in a large community-
based study,22 and elevated peripheral NT-proBNP was
related to lower s� in that population.23 In addition to the
recognized natriuretic effects of BNP, it has also been
suggested that BNP exerts local paracrine effects, including
the inhibition of fibrosis.24 For example, data from a study in
mice suggest that changes in ventricular BNP expression
parallel changes in cardiac fibrosis, possibly in an effort to
regulate the extent of fibrosis.25 Thus, we speculate that
alterations in the structure of the LV myocardium, including
fibrosis and cellular hypertrophy, for which s� may be a

surrogate, may go in parallel with alterations in the expres-
sion pattern of BNP.

We observed a reasonable but not perfect correlation
between BNPA and �A-CS BNP highlighting the importance
of clearance of BNP or NT-proBNP from the circulation by
the kidneys and other mechanisms, which we did not assess in
this study. Interpretation of the plasma BNP or NT-proBNP
levels must be considered in both terms of the rate of cardiac
release and the rate of clearance. It has been shown recently
that NT-proBNP is cleared not only by the kidneys but by
multiple tissues.26 In this context, previous studies have
shown that BNP levels change to varying degrees in response
to therapy,27,28 possibly reflecting the relative balance of
alterations in the release and clearance of BNP and the
resultant effect on peripheral steady-state BNP concentration.
As such, our data highlight the fact that, whereas plasma BNP
measurement may aid in the diagnosis of HF,1 it is not
necessarily an index of cardiac BNP turnover.

BNP assays not only detect circulating BNP but also
unprocessed proBNP. In patients with very advanced HF,
hardly any circulating processed BNP was found,29,30 and the
high BNP levels, as measured by standard assays in fact
reflected proBNP,30 which has a lower biological activity
compared with the processed BNP.30 This, together with a
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resistance to BNP on the receptor and postreceptor path-
ways,3 has been suggested as a mechanism for how the BNP
system fails in HF.31 Given that we were interested in the
input signals for cardiac BNP release, it seems to be appro-
priate, however, to use a conventional BNP assay, because
both BNP and proBNP reflect BNP production.

Our study was limited by the relatively modest sample
size; however, this study, for the first time, included subjects
with a broad range of LV dysfunction, including asymptom-
atic volunteers. In addition, we did not measure coronary
sinus flow, and, thus, the transcardiac gradients are only an
estimate of myocardial BNP release. In some patients, in the
low LVEF group there was a time interval between catheter-
ization and echocardiography, although patients remained
clinically stable during this interval. Importantly, echocardi-
ography was not used to estimate pressures. To avoid cathe-
terization of the left ventricle, we did not measure LV
end-diastolic pressure directly but estimated by PCWP. Fi-
nally, we report only univariate associations as the number of
subjects and the statistical technique limit the feasibility of a
multivariable analysis.

Perspectives
Although the measurement of plasma BNP is widely per-
formed as a biomarker for the presence of HF, the underlying
driving stimulus for cardiac release of BNP has been poorly
understood. Our study shows that systolic wall stress rather
than diastolic wall stress is a major contributor to the release
of BNP from the human heart. These observations may
provide an impetus for the application of therapeutic manip-
ulations that target afterload rather than preload in the setting
of HF syndromes with elevated BNP when appropriate.
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