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Elevation of B-type natriuretic peptide is a sensitive
marker of left ventricular diastolic dysfunction in
patients with maintenance haemodialysis
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Abstract

Objective: To determine the clinical value of B-type natriuretic peptide (BNP) in diagnosing left ventricular
diastolic dysfunction (LVDD) associated with maintenance haemodialysis (MHD) population.

Methods: Plasma BNP was determined in 59 MHD patients with normal ejection fraction. The ratio of
early to late annular velocity (E'/A’) was determined by tissue Doppler imaging as a parameter of diastolic
function. Results: LVDD occurred in 66% of the patients. Receiver-operating characteristic curve analyses
identified a cut-off of 353.6 pg ml™" as the one with the highest sensitivity and specificity for detecting

LVDD.

Conclusions: Plasma BNP may serve as a potential biomarker in diagnosing LVDD in MHD patients with

normal systolic function.
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Introduction

The number of patients requiring maintenance
haemodialysis (MHD) is steadily increasing worldwide
(Meguid & Bello 2005). Despite technical and pharma-
cological improvements achieved over the past years,
long-term prognosis of patients undergoing chronic
haemodialysis is still quite poor (Pozzoni et al. 2004).
Cardiovascular disease is the leading cause of mortality
and morbidity in this population, leading to 50% of the
deaths (Collins 2003). It is well recognized that patients
with end-stage renal disease (ESRD) showed a very high
prevalence of left ventricular (LV) hypertrophy (Bossola
et al. 2008). Both LV hypertrophy and systolic dysfunc-
tion make major contributions to the cardiovascular
death (Foley et al. 2000). Recent studies have demon-
strated that LV diastolic dysfunction (LVDD) is common
in ESRD patients, and ESRD-associated mortality was
even higher in those with diastolic rather than systolic
dysfunction (Ahmed et al. 2007). However, the clinical

diagnosis of diastolic dysfunction with a normal ejection
fraction (EF) remains challenging to physicians (Thomas
etal. 2002).

B-natriuretic peptide (BNP) is a cardiac neuro-
hormone secreted from the ventricles in response to
ventricular volume expansion and pressure overload
(Potter et al. 2009). Studies in the general population
demonstrated superiority of BNP as a hormonal marker
of LV hypertrophy and systolic dysfunction over other
natriuretic peptides (de Sa & Chen 2008, Troughton &
Richards 2009). Zeng et al. (2006) also showed that BNP
had a high sensitivity in diagnosing LV hypertrophy and
systolic dysfunction in dialysis patients. BNP levels may
also reflect diastolic dysfunction in patients with normal
systolic function (Lubien et al. 2002). However, the clini-
cal value of BNP in diagnosing diastolic dysfunction in
MHD patients has not been studied previously.

The current study was to investigate the changes
of serum BNP level in MHD patients. Specifically, we
explored whether the increasing of BNP level could
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serve as a reliable biomarker to detect the LVDD in MHD
patients with normal EF.

Materials and methods

Patients

In this cross-sectional study, 59 patients with ESRD
undergoing HD were recruited from a single Chinese
haemodialysis centre from January 2009 to April 2009.
All patients were dialysed using standard dialysis tech-
nique with Fresenius machines, polysulfone dialyser
membranes and standard bicarbonate-based dialysate.

The inclusion criteria were patients aged over 18 years
who were on regular haemodialysis for at least 6 months
prior to the study, and with three standard haemodialysis
sessions per week. The exclusion criteria were patients
with decreased EF (<50%), valvular heart disease (mod-
erate to severe aortic stenosis or mitral stenosis), acute
coronary syndrome or history of acute myocardial inf-
arction within 6 months, chronic atrial fibrillation, pri-
mary cardiomyopathy and recent (<2 weeks) change for
antihypertensive drugs.

The clinical characteristics of the study population
are shown in Table 1. The causes of ESRD were chronic
glomerulonephritis (78.0%), diabetic nephropathy
(8.5%), hypertensive nephrosclerosis (6.8%), polycystic
kidney disease (3.4%), obstructive nephropathy (1.7%)
and lupus nephritis (1.7%).

The whole protocol was approved by the local medi-
cal ethnic committee. Written agreements were acquired
from every participant.

Laboratory methods
Blood samples were obtained from the arterial site of the
arteriovenous fistula at the start of the dialysis session 2

Table 1. Demographic and clinical characteristics of the study
population.

Age (years) 48.1+11.9
Sex (male), n (%) 31(52.5)
Duration of HD (months) 48.2+27.6
Dry weight (kg) 60.5+9.7
BMI 22.2+3.1
Systolic BP (mmHg) 144.5+17.3
Diastolic BP (mmHg) 86.9+11.4
EF (%) 6716
LV diastolic diameter (mm) 50.9+5.4
LV mass index (g m2) 165.1+60.1
Hb(gl) 95.6+15.9
BNP (pg ml™) 186.0 (18.5-2266.0)

Data are expressed as mean + SD or median (range) unless otherwise
indicated. HD, haemodialysis; BMI, body mass index; EE ejection
fraction; Hb, haemoglobin; BNP, B-type natriuretic peptide.

days after the previous haemodialysis. Within a 15-min
period, plasma BNP was measured using the Triage™
B-Type Natriuretic Peptide test (Biosite Inc., San Diego,
CA, USA).

Echocardiographic examination and tissue Doppler
measurements

The left ventricular function was assessed by 2-dimen-
sional and Doppler echocardiography (iE33 cardiovas-
cular ultrasound system; Philips, Bothell, WA, USA)
by the same experienced cardiologist who was blind
to the study groups of all patients. Echocardiography
was performed on the same day as blood sampling for
biomarkers before the HD session. All echocardiographic
data were recorded according to the guidelines of the
American Society of Echocardiography (Schiller et al.
1989). LVEF was obtained using a modified biplane
Simpson’s method from apical two- and four-chamber
views (Otterstad et al. 1997). LV mass was calculated
with the method of Devereux and Reicheck (1977) and
indexed by body surface area. The mitral annulus move-
ment was recorded using a tissue Doppler technique as
previously described (Kasner et al. 2007). Analysis was
performed for the early (E’) and late (A’) diastolic peak
velocities. Systolic dysfunction was defined by an EF
<50%. Diastolic dysfunction was considered if E'/A" <1
(Kasner et al. 2007).

Statistical analyses

All data were expressed as mean + SD or median (range)
depending on the distribution. Comparisons of continu-
ous variables for two groups were performed by means of
the Student’s ¢-test or the Mann-Whitney U test, as appro-
priate. The * test was used for comparison of categorical
variables. Correlations of the different biomarkers were
evaluated using Spearman’s rank correlation analysis. The
diagnostic utility of BNP alone was compared with the
echocardiographic probability of LVDD through the use
of receiver-operating characteristic (ROC) curves. Results
are expressed in terms of the area under the curve (AUC)
and 95% confidence interval (CI) for this area. All analy-
ses were carried out using SPSS version 13.0 (SPSS Inc.,
Chicago, IL, USA). The p-values reported are two-sided
and significant at <0.05.

Results

BNP and clinical parameters

Serum BNP ranged from 18.5 to 2266.0 pg ml™, with a
median of 186.0 pg ml'. BNP levels correlated with
systolic blood pressure (BP) (r=0.285, p=0.029), diastolic
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BP (r=0.259, p=0.048), LV diastolic diameter (r=0.316,
p=0.015), LV mass index (r=0.390, p=0.002) and Hb
(r=-0.338, p=0.009). No significant correlation was found
between BNP and the other clinical parameters, includ-
ing age, duration of HD and body mass index (BMI) (p
>0.05).

BNP in patients with or without LVDD

Thirty-nine of the 59 patients (66%) had LVDD. Plasma
BNP levels were significantly higher in patients with
LVDD (LVDD(+)) than without LVDD (LVDD(-)) (p=0.01;
Figure 1). Systolic BP, LV diastolic diameter and LV mass
index were also higher in patients with LVDD than with-
out LVDD (p=0.012, p=0.007, p=0.002, respectively).
There were no differences in gender, age, duration of HD
or BMI levels between patients with and without LVDD
(p >0.05; Table 2).

Values of plasma BNP in diagnosing LVDD

By creating ROC curves we identified a cut-off value for
BNP that discriminates between patients with LVDD and
those without LVDD (Figure 2). The AUC was 0.86+0.05
(95% CI 0.76-0.96; p <0.001). A cut-off point of 156.4 pg
ml™ of BNP offers the best sensitivity, whereas 742.0 pg
ml™ gives rise to the highest specificity for the diagnosis of
LVDD. When the plasma BNP level is at the level of 353.6
pg ml™, it is associated with 80% diagnostic sensitivity
and 84% specificity. A BNP value of 353.6 pg ml™ resulted
in 84.6% specificity and an acceptable sensitivity of 80%
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Figure 1. Box plots demonstrating increased levels of plasma B-type
natriuretic peptides (BNP) in patients with left ventricular diasto-
lic dysfunction (LVDD) compared with those without. Open circles
indicate mild outlier patients.
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Table 2. Comparison between patients with and without left
ventricular diastolic dysfunction (LVDD).

LVDD (-) (n=20) LVDD (+)(n=39) p-Value

Sex (male), n (%) 21(53.8) 10 (50.0) NS
Age (years) 46+11.6 52.2+11.6 NS
History

Diabetes, n (%) 2(5.1) 3(15.0) NS
Hypertension, n (%) 35(89.7) 19 (95.0) NS
Coronary artery 6(15.4) 7(35.0) NS
disease, n (%)

Duration of HD 48.3+24.7 48.1+33.3 NS
(months)

BMI 21.8+2.8 23.1+3.5 NS
UF (ml) 2204+719 2403 +766 NS
Systolic BP (mmHg) 140+15 153+18 0.012
Diastolic BP (mmHg) 8619 89+15 NS
EF (%) 67+6 65+4 NS
LV diastolic diameter 49.6+5.4 53.5+4.5 0.007
(mm)

LVmassindex (gm™) 146.1+48.3 201.2+64.6 0.002
Hb (gdI) 9.9+1.5 8.9+1.6 0.014
BNP (pg ml) 132.6 (18.5-842) 966.5 (85.5-2266)  0.001

Data are expressed as mean * SD or median (range) unless otherwise
indicated. HD, haemodialysis; BMI, body mass index; UF, ultrafiltra-
tion volume; BP, blood pressure; EF, ejection fraction; LV, left ven-
tricular; Hb, haemoglobin; BNP, B-type natriuretic peptide; NS, not
significant.
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Figure 2. Receiver-operating characteristic (ROC) curves for B-type
natriuretic peptides (BNP) in predicting left ventricular diastolic dys-
function (LVDD). The area under the ROC for BNP to detect LVDD
was 0.86 (95% confidence interval 0.76-0.96; p <0.001). BNP at 353.6
pg ml* showed a sensitivity of 80.0% and a specificity of 84.6% for
detecting LVDD.
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in diagnosing LVDD. Table 3 presents four calculated
BNP values with different sensitivities and specificities.

Discussion

Cardiovascular disease is a major cause of death in
patients on MHD, which accounts for more than 50% of
the deaths (Collins 2003). In these patients, congestive
heart failure (CHF) is one of the main causes of mortality.
Itis well known that CHF is a complex syndrome in which
both systolic and diastolic functional abnormalities can
be identified. As many as 40-50% of patients with a diag-
nosis of heart failure have normal systolic function, which
implicates diastolic dysfunction as the most likely abnor-
mality causing this disorder (Kindermann et al. 2008).
Ahmed et al. (2007) found that chronic kidney disease-
associated mortality was more than 1.7-fold in patients
with diastolic dysfunction compared with patients with
systolic dysfunction. Therefore, it is of great importance
to identify diastolic dysfunction for patients with MHD
to facilitate early therapeutic interventions and improve
the prognosis.

The diagnosis of diastolic dysfunction has been chal-
lenging mainly due to lack of consensus on specific cri-
teria and absence of a ‘single’ non-invasive test (Thomas
et al. 2002). The current gold standard for evaluation of
LV diastolic function remains direct measurement of LV
pressures via a catheter. However, it was restrained for the
routinely clinical application due to its invasiveness and
complexity of the procedures. Doppler echocardiography
has also been assumed to play a key role in the non-inva-
sive assessment of cardiac diastolic function, but its main
parameters such as the peak early (E) and peak late (A)
flow velocities are affected by blood volume and mitral
valve anatomy and function. Furthermore, these wave
velocities are less useful in the situation of atrial fibril-
lation (Khouri et al. 2004). In these cases, tissue Doppler
imaging (TDI) is useful for measuring mitral annular
motion (a measure of transmitral flow that is independ-
ent of the aforementioned factors). TDI has been proved
to be more accurate than conventional Doppler for detec-
tion of impaired diastolic function in patients with normal
EF (Nagueh et al. 1997, Kasner et al. 2007). In contrast to
E/A, E'/A’ showed better linear correlation with diastolic
parameters measured by conductance catheter analysis

Table 3. Diagnostic sensitivity and specificity for left ventricular
diastolic dysfunction using different B-type natriuretic peptide (BNP)
values.

BNP (pg ml™) Sensitivity Specificity
156.4 0.900 0.590
353.6 0.800 0.846
536.9 0.700 0.872
742.0 0.600 0.923

and provided a simple means of diagnosing diastolic
dysfunction (Kasner et al. 2007). But because the TDI is
time-consuming and costly, it is quite difficult to use as
a regular practice in clinic. It is therefore imperative to
find more reliable, cost-effective markers for diagnosing
diastolic dysfunction.

BNP is a cardiac neurohormone secreted from the
ventricles in response to excessive cardiac ventricular
wall distension, various pathological states (for instance,
myocardial ischemia or cardiomyopathies) and increased
release of catecholamines, renin, angiotensin II and
endothelin (Racek et al. 2006, Haapio & Ronco 2008).
In the general population, BNP levels are known to be
elevated in patients with LV hypertrophy and systolic
dysfunction (de Sa & Chen 2008, Troughton & Richards
2009). In HD patients, Mallamaci et al. (2001) also found
that BNP could be useful for the identification of dialysis
patients with LV hypertrophy with a sensitivity of 88%.
Nitta et al. (1998) found a positive correlation between
BNP levels and LV mass index (r=0.57, p <0.05), whereas
BNP levels were significantly increased in patients with a
low LVEF (<60%). However, the clinical value of plasma
BNP in identifying LVDD has not yet been fully estab-
lished. In the present study, we first demonstrated that
MHD patients with LVDD had a significant elevation of
BNP levels compared with those with normal ventricu-
lar function. The area under the ROC curve was used to
assess the specificity and sensitivity of BNP in diagnos-
ing LVDD. Given that the sensitivity in diagnosing LVDD
was only 80%, it is not high enough to rule-out LVDD in a
patient with a BNP of less than the cut-off value.

The underlying pathophysiology for elevated BNP
levels in diastolic heart failure is not fully understood.
In MHD patients, the plasma BNP level may be affected
by many factors such as impaired glomerular filtration,
hypertension, diabetes mellitus, ischemia, inflammation
and secondary hyperparathyroidism (Bertinchant 2004,
Komaba et al. 2007, Matayoshi et al. 2008). In this study,
we found that plasma BNP levels correlated well with
systolic BP, diastolic BP and Hb (p <0.05, respectively),
but in considering the 7* less than 0.25, a larger sample
size is obviously needed for future studies.

Several limitations should be considered in interpret-
ing our results. First, the study was based on a relatively
small number of patients with end-stage renal failure.
Further studies with large numbers of HD patients would
allow us to understand the clinical value of BNP more
clearly. Second, we excluded patients with abnormal
systolic function for the simplicity of this preliminary
study, thus the generalization of our finding is limited to
stable HD patients without LVSD.

In summary, based on the results of our study, plasma
BNP values are closely related to the diastolic functional
status measured by TDI in stable MHD patients. It could
be considered as a low-cost, widely available tool for the
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first-step screening of MHD patients, particularly in the
presence of normal or mildly abnormal functional status.
Further studies are warranted to confirm our observa-
tion in larger cohorts and to validate further the cut-off
values.
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