
www.elsevier.com/locate/ijcard
International Journal of Cardi
Right heart overload contributes to cardiac natriuretic

hormone elevation in patients with heart failure

Claudio PassinoT, Anna Maria Sironi, Brunella Favilli, Roberta Poletti,

Concetta Prontera, Andrea Ripoli, Massimo Lombardi, Michele Emdin

Institute of Clinical Physiology, National Research Council, Pisa, Italy

Received 18 March 2004; received in revised form 10 August 2004; accepted 4 September 2004

Available online 23 February 2005
Abstract

Background: Atrial and brain natriuretic peptides (ANP and BNP) plasma concentration increases and holds a prognostic significance in

patients with left ventricular dysfunction. We assessed the hypothesis that right ventricular (RV) overload might significantly contribute to

plasma elevation of cardiac natriuretic hormones in patients with heart failure.

Methods: Forty-one patients with cardiomyopathy and depressed left ventricular (LV) function (ejection fraction, EF, b40%), underwent

cardiac magnetic resonance imaging (MRI) and resting plasma determination of ANP and BNP. Nineteen healthy subjects were also studied

as control group. Ventricular volumes and function were assessed by MRI.

Results: In the group of patients, LVEF was 22.6F1.2% (controls: 61.2F1.3%, Pb0.001, meanFS.E.M.), while RVEF was 48.2F2.5%

(controls: 66.7F1.6%, Pb0.001); LV and RV end diastolic/systolic volumes, corrected by body surface area, were 143F7/114F7 ml/m2

(controls 70F3/27F2 ml/m2, both Pb0.001) and 66F3/37F4 ml/m2 (controls: 63F4/21F2 ml/m2, Pb0.01 only for end-systolic volume).

BNP plasma value was on average 324F39 pg/ml (range: 23–1280, controls 10F2 pg/ml), ANP value was 144F17 pg/ml (range: 26–534,

controls 15F1 pg/ml). BNP positively correlated with either end-diastolic or end-systolic RV volume in patients, less with LV systolic, and

not with LV diastolic volume.

Moreover, a significant negative correlation was observed between BNP and either LVEF or RVEF. Conversely, ANP showed a

significant correlation only with end-systolic RV volume and with both RVEF and LVEF. When multivariate stepwise linear regression

analysis was applied LVEF resulted the only independent predictor for ANP plasma values (R=0.591, Pb0.001), while LVEF and RV end-

diastolic volume for BNP (R=0.881, Pb0.001, and R=0.881, P=0.035, respectively).

Conclusions: Right heart overload contributes independently to plasma elevation of natriuretic peptides. RV involvement, which is known to

independently worsen prognosis in patients with cardiomyopathy, might contribute to their established prognostic power, inducing

compensatory secretion of plasma cardiac natriuretic hormones.

D 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Plasma level of brain natriuretic peptide (BNP) and atrial

natriuretic peptide (ANP), increases in patients with left

ventricular (LV) dysfunction in response to an increased

wall tension or stretch [1]. Cardiac natriuretic hormones
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(CNH) counteract sympathetic and renin–angiotensin sys-

tems activation and their maladaptive effects on volume

homeostasis and peripheral vascular resistances [2].

BNP plasma concentration has been proposed as marker

of LV dysfunction for its inverse correlation with LV

function, yielding a prognostic value [3,4]; BNP is more

sensitive and specific in predicting systolic dysfunction than

ANP and several other neurohumoral evaluations (endothe-

lin, aldosterone, renin activity, vasopressin, catecholamines)

[3]. Recently, right ventricular (RV) dysfunction has been
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indicated as an independent predictor both of reduced

exercise capacity [5] and cardiac mortality [6–10], either in

idiopathic or post-ischemic cardiomyopathy.

Magnetic resonance imaging (MRI) is currently consid-

ered a gold standard for noninvasive RV investigation [11].

To test the hypothesis of a role of right ventricular

involvement in BNP plasma elevation, cardiac magnetic

resonance was performed in a subset of patients with heart

failure, assessing the relative contribute of LV and RV

dysfunction and volume overload to ANP and BNP plasma

levels. The findings were compared with a control group.
2. Methods

2.1. Study population

We enrolled 41 patients with cardiomyopathy (35 males

and 6 females, mean age 61.5F1.9 years). Body mass index

(BMI) was 24.8F0.5 kg/m2, body surface area (BSA)

1.89F0.02 m2. Idiopathic dilated cardiomyopathy was

diagnosed in 22 patients, while cardiomyopathy secondary

to coronary artery disease was diagnosed in the other 19

patients. Inclusion criteria were sinus rhythm, and signifi-

cantly depressed (V40%) LV ejection fraction (EF) at

echocardiographic examination. Exclusion criteria were

acute myocardial infarction or unstable angina within 6

months before the examination, significant renal dysfunction

(i.e. creatinine clearance b50 ml/min) and, with respect to

MRI examination, implanted pace-maker, mechanical heart

valves and claustrophobia. Heart failure severity was

clinically evaluated according to the New York Heart

Association (NYHA) classification: 5 patients were in func-

tional NYHA class I, 14 in class II, 18 in class III, and 4 in

class IV, respectively. Patients were treated with restriction of

water–sodium intake (using a personalized, well-controlled

diet with a sodium intake of 100–140 mmol/day) and all were

on diuretic and ACE-inhibitor treatment (carvedilol and

spironolactone were given in 56% and 66%, respectively),

not discontinued at the time of the study, for ethical reasons.

Nineteen healthy subjects (mean age 53F3 years, 14

males and 5 females, BMI 24.1F0.7 kg/m2, BSA

1.84F0.04 m2) were also included in the study design as

control group. The study complies with the Declaration of

Helsinki, the Institutional Review Board has approved the

research protocol and all participants gave informed consent

before the study began.

2.2. Cardiac natriuretic hormones assay

Before the MRI examination, a plasma blood sample was

withdrawn at 8 A.M. from an antecubital vein of each

subject after a rest period of 30 min in supine position. After

collection, blood samples (10 mL) were put into ice-chilled

polypropylene tubes containing EDTA and aprotinin (1 mg

and 500 KIU/ml blood, respectively). Serum was rapidly
separated by centrifugation for 15 min at 4 8C, and stored at

�20 8C until final analysis. Plasma ANP and BNP were

measured with two-site immunoradiometric assay (IRMA,

Shionogi, Osaka, Japan), as previously described in detail

[12]. The upper normal range, derived from a previous study

on healthy subjects [13] was set at 40 pg/ml for BNP and at

45 pg/ml for ANP.

2.3. MRI protocol

All MRI studies were performed in the same day of

blood sampling, with a whole body 1.5T MRI unit (Signa

CVi, GEMS, USA): the scanner operate with a 40 mT/m

gradients using a surface phased-array coil. MRI acquisition

involved a standardized protocol. A breath-hold segmented

gradient echo FIESTA (Fast Imaging Employing STeady-

state Acquisition) electrocardiographic triggered sequences

were used to obtain cardiac images (time of echo 1.7 ms;

time of repetition 4.0 ms; slice thickness 8 mm with no

interslice gap; field of view 320 mm; data matrix size

256�224 mm; phase of field of view 0.75; trigger delay set

at the minimum; views per segment 8–18 according to heart

rate; flip angle 458).
A minimum of 30 cine frames was obtained both in

horizontal and in vertical long axis of the heart to measure

atrial dimensions. The left and right ventricles were covered

with a stack of 10 slices, on average, in the true short axis.

The basal short axis slice was positioned just forward of the

atrioventricular ring, and all subsequent breath-hold cines

were acquired toward the apex. The average scanning time

was 18 min.

Right and left ventricle manual drawing of endocardial

contour in end-systolic and end-diastolic short axis frames

were obtained using a post-processing program (Massanal-

ysis, Leiden, The Netherlands) on an independent Sun Spare

Station. On the end-diastolic and end-systolic frames, LV

and RV volumes were measured by manual planimetry and

subsequent multiplication with slice thickness. LV and RV

end-diastolic and end-systolic volumes and EF were then

calculated by simple addition of the individual slice volume

in the stack of contiguous slices for the entire left and right

ventricle.

Interobserver and intraobserver variabilities for LV and

RV measurements were 6.5% and 3%, respectively.

2.4. Statistical analysis

Statistical analysis was carried out on a Power Macintosh

G3 personal computer using the Stat-View 5.0.1 program

(1992–1998, SAS Institute, SAS Campus Drive, Cary, NC,

USA). Because ANP and BNP values are not normally

distributed, natural logarithmic transformation of data was

used for statistical analysis when needed. Differences among

independent groups were analyzed by ANOVA. Linear

regression analysis was performed to assess the relation

between cardiac natriuretic hormones and other variables;

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight

wenwanzhou
Highlight



Table 2

Univariate linear regression among cardiac natriuretic hormones and

cardiac function and volumes (by MRI) in the patient population

R 95% CI of B P

lnANP

(pg/ml)

vs.

LV-EF (%) �0.40 �0.027/�0.004 0.009

RV-EF (%) �0.42 �0.013/�0.002 0.007

RV-ESVI (ml/m2) 0.45 0.001/0.009 0.024

lnBNP

(pg/ml)

vs.

LV-EF (%) �0.50 �0.037/�0.010 0.001

LV-ESVI (ml/m2) 0.43 0.006/0.011 0.028

RV-EF (%) �0.53 �0.009/�0.003 b0.001

RV-EDVI (ml/m2) 0.49 0.012/0.021 b0.001

RV-ESVI (ml/m2) 0.54 0.007/0.013 b0.001

Same abbreviations as in Table 1.
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the logarithm of the concentrations of the cardiac natriuretic

hormones was considered. The independent predictors were

assessed by a multivariate stepwise linear regression,

performed on the covariates found to be statistically

significant at univariate linear regression. For each linear

regression, the P value, the correlation coefficient (R) and

the 95% confidence interval of the slope (95% CI of B) are

reported. The prognostic power of ANP and BNP was

quantified in terms of the area under the receiver operating

characteristic (ROC) curve. Threshold values of the consid-

ered parameters were derived from mean values obtained in

the control group. A difference in the area under the curve

(AUC) defined the increment in prognostic power between

different models. The AUC was assessed by the non-

parametric method by DeLong and Clarke-Pearson [14].

The non-symmetric 95% CI for AUC was computed using

the Bootstrap Percentile Method [15], with 1000 bootstrap

replications. The statistical significance of difference of

AUC from that of the line of bno informationQ was evaluated
by Mann–Whitney U-statistic. ROC curves were compared

using the nonparametric method of structural components

[14]. The results are expressed as meanFS.E.M. and P value

was considered significant when b0.05.
3. Results

3.1. Cardiac natriuretic hormones

As expected, cardiac natriuretic hormones were found to

be remarkably higher in patients with heart failure as
Table 1

Cardiac natriuretic hormones, cardiac function and volumes (by MRI) in

patients divided according to different severity of the disease and in the

control group

Mild disease

(NYHA

classes I–II)

Severe disease

(NYHA

classes III–IV)

Control

subjects

Subject number 19 22 19

Age (years) 61F2 62F3 53F3**,yy

Cardiac index

(L/min/m2)

1.95F0.13 2.09F0.13 3.02F0.16***,yyy

LV-EDVI (ml/m2) 145F9 142F10 70F3***,yyy

LV-ESVI (ml/m2) 112F9 115F10 27F2***,yyy

LV-EF (%) 23.3F1.4 22.0F12.0 61.2F1.3***,yyy

RV-EDVI (ml/m2) 60F3 72F5 63F4

RV-ESVI (ml/m2) 28F3 45F6** 21F2yy

RV-EF (%) 54.9F2.7 42.4F3.6** 66.7F1.6*,yyy

ANP (pg/ml) 97F11 184F27** 15F1***,yyy

BNP (pg/ml) 238F34 399F62* 10F1***,yyy

NYHA: New York Heart Association; LV-EDVI: left ventricular end-

diastolic volume index; LV-ESVI: left ventricular end-systolic volume

index; LV-EF: left ventricular ejection fraction; RV-EDVI: right ventricular

end-diastolic volume index; RV-ESVI: right ventricular end-systolic

volume index; RV-EF: right ventricular ejection fraction; ANP: atrial

natriuretic peptide; BNP: brain natriuretic peptide. Values are given as

meanFS.E.M; *Pb0.05, **Pb0.01, ***Pb0.001 vs. mild disease;
yyPb0.01, yyyPb0.001 vs. severe disease.
compared to control group. In particular, in the patient group

ANP plasma levels ranged from 26.4 to 534 pg/ml (mean

144F17), while BNP levels ranged from 23.3 to 1280 pg/ml

(mean 324F39), (both Pb0.001 vs. control group) (Table

1). When patients were divided according to functional

class, in mild (NYHA classes I–II) and severe disease

(classes III–IV), ANP and BNP showed a significant

increase with clinical severity (Table 1). No difference in

cardiac natriuretic hormones was found when patients were

divided according to etiology of heart failure.

3.2. Cardiac function and volumes

All patients showed a depressed LVEF (22.6F1.2%),

while RVEF was 48.2F2.5% (range 16–72%), only 11

patients showing a relevant right ventricular dysfunction

(i.e. RVEFb35%). Both values were significantly lower than

those observed in healthy volunteers (61.2F1.3% for LVEF

and 66.7F1.6% for RVEF, Pb0.001).

End-diastolic and end-systolic LV volumes, corrected

for BSA, were significantly higher in patients than in

healthy volunteers (143F7 vs. 70F3 and 114F7 vs.

27F2 ml/m2, both Pb0.001). End-diastolic RV volume

corrected for BSA did not significantly differ between

patients and healthy subjects (66F3 vs. 63F4 ml/m2,

P=n.s.), while end-systolic RV volume was significantly

higher in patients (37F4 vs. 21F2 ml/m2, P=0.005). No

difference in LVEF was observed between mild and

severe disease, while depressed RVEF was more marked

in patients in NYHA class III–IV; only end-systolic RV

volume was significantly higher in patients with severe

disease (Table 1).

3.3. Relation between cardiac function and CNH

As concerns the whole population of patients and control

subjects, BNP and ANP resulted inversely related with

LVEF (R=�0.90 and R=�0.85, Pb0.001) and RVEF

(R=�0.65 and R=�0.61, Pb0.001), with both LV end-

diastolic (R=0.68 and R=0.65, Pb0.001) and end-systolic

volumes (R=0.76 and R=0.73, Pb0.001) and with RV end-

systolic (R=0.50 and R=0.45, Pb0.001), but not end-

diastolic volume.



Fig. 1. Linear regression between cardiac natriuretic hormones and left and right ventricular ejection fractions.
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When considering only the group of patients, linear

regression analysis gave the following results: ANP and

BNP were inversely related with LVEF and RVEF (Table 2;

Fig. 1). BNP showed a slight positive correlation with LV

end-systolic, but not with end-diastolic volume. Conversely,

the correlation between BNP and RV volumes were much

stronger (Table 2; Fig. 2). ANP correlated with RV end-
Fig. 2. Linear regression between cardiac natriuretic hormo
systolic volume, but not with RV end-diastolic, nor with LV

volumes (Table 2).

When multivariate stepwise linear regression analysis

was applied LVEF resulted the only independent predictor

for ANP plasma values (R=0.591, Pb0.001, 95% CI of

B=�0.030/�0.012), while both LVEF and RV end-

diastolic volume resulted the only independent predictors
nes and right ventricular volumes corrected for BSA.



Table 3

Results from ROC analysis

AUC P 95% CI Threshold Sensitivity (%) Specificity (%)

RV-EDVI (cutoff 63 ml) BNP 0.753 b0.001 0.724–0.807 882 88 58

ANP 0.667 b0.001 0.639–0.703 238 76 58

RV-ESVI (cutoff 21 ml) BNP 0.739 b0.001 0.705–0.798 119 53 82

ANP 0.665 b0.001 0.638–0.687 138 50 91

RV-EF (cutoff 67%) BNP 0.635 b0.001 0.580–0.690 153 62 75

ANP 0.638 b0.001 0.592–0.694 652 92 50

LV-EDVI (cutoff 70 ml) BNP 0.952 b0.001 0.901–1.000 40 85 92

ANP 0.934 b0.001 0.870–0.997 21 89 92

LV-ESVI (cutoff 27 ml) BNP 0.922 b0.001 0.856–0.988 43 83 100

ANP 0.932 b0.001 0.871–0.993 24 87 92

LV-EF (cutoff 61%) BNP 0.857 b0.001 0.764–0.950 44 100 80

ANP 0.944 b0.001 0.888–1.000 25 100 86

Same abbreviations as in Table 1.
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for BNP (R=0.881, Pb0.001, 95% CI of B=�0.033/

�0.024, and R=0.881, P=0.035, 95% CI of B=0.001/

0.008, respectively).

BNP value was particularly related with RV involvement

in patients with severe disease (R=0.71, Pb0.001 for end-

diastolic volume, and R=0.66, Pb0.001 for end-systolic

volume). The same occurred for the relationship between

BNP and LV volumes (R=0.56, P=0.009 for end-diastolic

volume, and to R=0.56, P=0.008 for end-systolic volume).

To test the hypothesis that for a similar degree of LV

dysfunction, coexisting RV involvement could lead to a

further increase of BNP concentration, patients with lowest

LVEF (b20%), in whom RV involvement was rather

frequent (10/22), were considered: patients with RV

dysfunction showed higher values of plasma BNP compared

to those with normal RVEF (RVEF 27.0F2.3% vs.

54.3F3.0%, Pb0.001, BNP: 488F72 vs. 244F48 pg/ml,

P=0.008), for a similar LVEF (P=n.s.).

Finally, ROC curves were constructed to assess

specificity and sensitivity of both ANP and BNP to detect
Fig. 3. Receiver operating characteristic curve of ANP and BNP: cardiac

natriuretic hormones: relation with RV-end systolic volume. ANPN138 pg/

ml and BNPN119 pg/ml had the maximum sensitivity and specificity in

identifying patients having right ventricular overload.
either increase in RV volumes or decrease in RVEF (Table

3; Fig. 3).
4. Discussion

The diagnostic and prognostic role of CNH assay,

namely of BNP, and its relationship with the severity of

LV dysfunction in patients with heart failure has been

recently underlined [1–4,16,17]. RV function was demon-

strated to independently influence survival and RV ejection

fraction was proved to be an independent and additive

prognostic factor in idiopathic cardiomyopathy or after

myocardial infarction [6,9]. The main finding of the present

study is that right heart overload and dysfunction signifi-

cantly contribute to plasma elevation of cardiac natriuretic

hormones in patients with heart failure. In particular, higher

end-systolic and end-diastolic RV volumes are associated

with higher values of plasma BNP and an inverse

correlation between either LVEF or RVEF and CNH has

been found. All these correlations were even more

significant in patients with severe clinical disease.

Several studies demonstrated that plasma concentration

of CNH, and in particular BNP, hold an useful information

on LV dimensions–as confirmed also by the positive

relation with LV end-systolic volume found in the present

study–, and on myocardial mass and systolic function [1–

4,16]. Therefore, BNP has been proposed for differentiating

heart failure from primary lung disease in patients present-

ing dyspnea of unknown origin [18,19].

BNP is produced and released almost exclusively by

ventricular myocardium [20] in response to elevation of

end-diastolic pressure and volume, whereas ANP is secreted

from atria in healthy humans and also from the left

ventricular myocardium in patients with LV dysfunction

[21]. The secretion of CNH increases in proportion to the

severity of the LV dysfunction and to the increased wall

tension [22], indicating that myocardial stretch is a key

factor in the secretion of ANP and BNP. Although attention

has been mostly focused on LV, BNP messenger ribonucleic
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acid has been detected either in the LV, either in the RV

myocardial tissues obtained at autopsy [23], suggesting that

RV does contribute to plasma level of BNP.

BNP is elevated in human models of isolated RV

dysfunction, such as primary pulmonary hypertension or

pulmonary hypertension secondary to embolism or con-

genital heart disease [24,25], being positively related to

either RV pressures or volumes and negatively to RVEF

[24]. These findings support the hypothesis that when right

heart overload occurs, in addition to LV dysfunction, a

further increase in BNP may be observed. Despite the

importance of an early detection of right ventricular

dysfunction, its diagnosis remains difficult, requiring

sophisticated imaging approaches or invasive procedures.

In order to investigate the role of CNH assay in detecting

right ventricular impairment we chose MRI as diagnostic

standard, being noninvasive, accurate, as concerns evalua-

tion and measurement of cardiac chamber volume and

function, and finally harmless, not using radioactive tracers.

Nevertheless, the role of RV dysfunction in the progression

of heart failure should not be underestimated, due to its

independent prognostic role [6,9]. The observation of a

stronger relationship between BNP and RV parameters in

patients with clinically severe disease could be the

expression of the role of RV dysfunction in BNP plasma

elevation in heart failure. Furthermore, the present study

identified both ANP and BNP as strong predictors of RV

overload and dysfunction with a good sensitivity and

specificity. The observation of higher values of BNP in

the subset of patients with RV dysfunction, compared to

those with similar LV-EF but no RV involvement, supports

the role of right ventricle overload in BNP expression.

These findings are paralleled by the results of a recent study

using radionuclide ventriculography to assess the role of

BNP assay in detecting RV systolic dysfunction [26].

Finally, considering that only 25% of the patients in this

series presented a clear-cut RV dysfunction, initial RV

involvement seems able to give a significant contribution to

increased BNP plasma levels.

4.1. Study limitations

Different drugs may reduce the circulating levels of

CNH, including ACE inhibitors, valsartan, diuretics and

nitrates, while more variable effects have been reported after

beta-blockade [27,28]. The possible effect of drugs on the

plasma concentration of several neurohormones might

indirectly influence our findings, actually without weaken-

ing or affecting the pathophysiological and clinical rele-

vance of the observed relations among CNH and LV/RV

measurements. We remark that our observations are closer

to ddtrueQ cardiac patients, in whom optimal medical

treatment is able to blunt–without canceling–the CNH

overexpression.

Moreover, we remark that the study population included,

as a selection criterion, only patients with left ventricular
dysfunction (corresponding to the prevalent clinical pre-

sentation of heart failure), with variable degrees of RV

function, ranging from normal to abnormal values. This

might be considered as a study limitation, too: adding a

population of patients with right ventricular dysfunction and

normal left ventricular function could furnish a deeper

insight in the reciprocal role of left and right ventricle

dysfunction in determining BNP plasma concentration.

In conclusion, right heart overload, in addition to left

ventricular dysfunction, significantly influences plasma

elevation of BNP, possibly contributing to its established

prognostic value in patients with heart failure.
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