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N-terminal proBNP—Marker of Cardiac Dysfunction, Fluid
Overload, or Malnutrition in Hemodialysis Patients?
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Background and objectives: N-terminal probrain type natriuretic peptide (NTproBNP) has been proven to be a valuable
biomarker for predicting cardiac events and mortality in the hemodialysis population. However recent reports have suggested
that NTproBNP is a marker of volume overload rather than one of cardiac dysfunction. Therefore this study investigated the
effect of fluid volume status on NTproBNP.
Design, setting, participants, & measurements: Volume status was determined pre- and postdialysis in 72 stable hemodialysis outpatients by multifrequency bioimpedance, and the relationship to NTproBNP values was examined.
Results: The mean and median NTproBNP values were 931.9 ⴞ 230 and 242 (90 to 688) pmol/L, respectively. On simple
correlation, NTproBNP was associated with markers of volume overload and cardiac dysfunction. However, on logistical
regression analysis, the strongest association was with the predialysis ratio of extracellular water/total body water (␤ 26.6,
F29.6, P ⴝ 0.000), followed by postdialysis mean arterial blood pressure (␤ 0.14, F17.1, P ⴝ 0.000), dialysate calcium
concentration (␤ ⴚ1.19, F14.1, P ⴝ 0.002), and change in extracellular fluid volume with dialysis (␤ 0.27, F7.4, P ⴝ 0.009)
Conclusions: In this study, NTproBNP was not associated with cardiac dysfunction as assessed by transthoracic echo or
nuclear medicine scintigraphy but was dependent on factors associated with volume overload. However, because bioimpedance results can also be affected by malnutrition with loss of cell mass, NTproBNP may be elevated not only in patients with
volume overload, but also those with malnutrition.
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ardiac disease is prevalent in patients with chronic
kidney disease (CKD), particularly those treated by
hemodialysis, and is the most common cause of death
(1). As patients progress through the stages of CKD, sodium
retention typically occurs, leading to expansion of the extracellular fluid volume with the compensatory release of natriuretic
peptides due to cardiac wall stretch. In addition to increased
secretion, these peptides increase with CKD because they are
naturally degraded by renal tubular neutral endopeptidases.
As such, cardiac natriuretic peptides are often increased in
hemodialysis patients and those with CKD (2). There is a series
of natriuretic peptides, and these have been shown to be valuable prognostic biomarkers for cardiac outcomes in patients
without kidney failure. Atrial natriuretic peptide (ANP) and its
cleavage product N-terminal pro-ANP were the first natriuretic
peptides to be studied, but more recently focus has shifted to
brain natriuretic peptide (BNP), which is released by the ventricle rather than the atrium. In patients with ESRD on hemodialysis, ANP has been reported to be more responsive to
changes in intravascular volume than BNP, whereas BNP ap-
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pears more reflective of cardiac dysfunction (3). This may be
due to the different sizes and half-lives of the peptides, because
ANP is cleared during high-flux hemodialysis, with a post
dialysis rebound taking some 80 to 100 minutes to re-equilibrate (Mathavakkannan, unpublished data). However, others
have shown higher BNP values in volume-overloaded hemodialysis patients without overt cardiac dysfunction (4). Because
BNP can also be cleared by high-flux dialysis and has been
shown to sequentially fall during the course of a typical dialysis
week (5), there has been debate as to whether these cardiac
biomarkers are more reflective of fluid volume overload or
intrinsic cardiac dysfunction in hemodialysis patients.
The situation is somewhat more confusing in that some studies have not specified when blood sampling has been taken,
because BNP values will be greatest at the start of the dialysis
week after the 72-hour interdialytic interval, and least after the
third dialysis session of the week (5), or the time of sampling
has varied between study subjects and then compounded by
using different methods of assessing fluid volume status.
Hence, although BNP appears to be a valuable prognostic
biomarker for increased risk of mortality in hemodialysis patients, it is unclear as to whether this is related to volume
overload or underlying cardiac dysfunction (6,7).
Because previous studies reported that BNP was relatively
constant in hemodialysis patients after the midweek dialysis
session (5), we introduced post-midweek measurement into
clinical practice as a means of standardizing results. To investigate the relationship between N-terminal pro-BNP (NTISSN: 1555-9041/506 –1036
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proBNP), volume status, and cardiac dysfunction, we audited
post-midweek dialysis NTproBNP values in a cohort of stable
adult hemodialysis patients who had corresponding pre- and
postdialysis multifrequency bioimpedance (8) measurements to
assess volume status.

regression analysis was performed with Pearson’s rank correlation, and
then logistical linear regression analysis was undertaken with SPSS
version 15.0 (SPSS, University of Chicago, IL). Statistical significance
was taken at or below the 5% level.

Methods and Patients
Seventy-two adult patients [50% male, median age 55 (41.5 to 70)
years, 36.1% diabetic with 20.8% prescribed insulin] attending routine
outpatient dialysis were studied during a routine midweek outpatient
hemodialysis session. Median dialysis vintage was 28 (10 to 79) months.
All patients were dialyzed with high-flux polysulphone dialyzers (Fresenius, Bad Homberg, Germany) using bicarbonate dialysate (35
mmol/L) containing 1 g/L glucose with a median dialysate sodium of
137 mmol/L (interquartile range 136 to 138 mmol/L), mean calcium of
1.29 ⫾ 0.02 mmol/L, and dialysate temperature of 35 to 36°C. The mean
dialysis session time was 3.76 ⫾ 0.07 hours with a median on-line Kt/V
of 1.34 (1.2 to 1.59). Relative blood volume monitoring and integrated
blood pressure (BP) were recorded (Fresenius 4008, Fresenius, Bad
Homberg, Germany). Constant ultrafiltration rate profiles were used in
all patients, with a mean rate of 7.5 ⫾ 0.4 ml/kg per h. Multifrequency
bioimpedance was performed before and after dialysis (Biospace in
body 720, Seoul, South Korea); therefore, patients with pacemakers/
implantable defibrillators and amputees were excluded from the study.
Serum biochemistry samples were analyzed with a standard multichannel biochemical analyzer (Roche Integra, Roche Diagnostics,
Lewes, United Kingdom) using the bromocresol green method for
albumin determination, and hemoglobin samples were analyzed by the
sodium lauryl sulfate-Hb method (XE-2100 Sysmex Corporation, Kobe,
Japan). NT-proBNP was measured by immunoassay (ECLIA Roche
Diagnostics, GMBH, Mannhein, Germany), and postdialysis 24-hour
urine collections were analyzed to determine urine volume and sodium
content. Standard two-dimensional echocardiograms and ATP myocardial perfusion scintography (9) were performed on a nondialysis day.
Ethical approval was granted by the local ethical committee as audit
and clinical service development.

Statistical Analyses
Results are expressed as mean ⫾ SD, median and interquartile range,
or percentage, as appropriate. Statistical analysis was by paired t test
for parametric and the Wilcoxon rank sum pair test for nonparametric
data, with Bonferroni correction for multiple analyses when appropriate (Graph Pad Prism version 3.0, Graph Pad, San Diego, CA). Simple

Results
The percent of patients prescribed antihypertensive medications was 76.4%. The median number of antihypertensives was
1 (1 to 2), with 23.6% receiving angiotensin converting enzyme
inhibitors, 25% angiotensin receptor blockers, 33.3% beta-blockers, 15.3% calcium channel blockers, and 12.5% alpha blockers.
The percent of patients with a past medical history of myocardial infarction was 8.3%, 2.8% had previous coronary artery
bypass surgery, 13.9% had coronary artery stenting, and 63.9%
had a history of hypertension.
BP was recorded before, during, and after dialysis. The predialysis systolic BP was 147.2 ⫾ 3.3 mmHg, postdialysis BP was
138 ⫾ 3.0 mmHg, and BP was lowest during dialysis at 119.7 ⫾
2.8 mmHg (Table 1). The median percentage weight loss during
hemodialysis was 2.89% (1.9% to 3.6%) (Table 1), with a change
in intracellular water of 3.2% (1.4% to 5.2%), extracellular water
of 7.1% (4.8% to 9.2%), and a postdialysis relative blood volume
of 92% (88.9% to 95%). The median C-reactive protein (CRP)
was 5 (2 to 13) g/L, median parathyroid hormone was 20.2 (8.8
to 46.6) pmol/L, and median urine volume was 43 (0 to 1020)
ml/d.
Left ventricular end diastole internal diameter on standard
two-dimensional transthoracic echocardiography was 4.53 ⫾
0.08 cm (normal U.K. reference range 3.9 to 5.3 for women and
4.2 to 5.9 for men), and left ventricular end systolic internal
diameter was 2.99 ⫾ 0.09 cm, giving a median cardiac ejection
fraction of 59% (55.3% to 63%) (normal ⱖ55%), which was
similar to that assessed by ATP myocardial perfusion scintography (9), median 62% (58.5% to 65%). Intraventricular wall
thickness in diastole was 1.24 ⫾ 0.03 cm (normal U.K. reference
range 0.6 to 1.2 cm). Left atrial superior- to-inferior axis end
systolic diameter was 3.85 ⫾ 0.1 cm (normal U.K. reference
range 2.7 to 3.8 cm). Cardiothoracic ratio measured on posterior-anterior chest x-ray was 0.49 ⫾ 0.07.
The mean and median NTproBNP were 931.9 ⫾ 230 and 242

Table 1. Change in weight, BP, and intracellular and extracellular fluid volumes following hemodialysis
(mean ⫾ SEM)

a

Variable

Predialysis

Postdialysis

Weight, kg
Mean arterial pressure, mmHg
Hematocrit, %
Serum albumin, g/L
Serum sodium, mmol/L
Serum potassium, mmol/L
Serum glucose, mmol/L
Intracellular water, L
Extracellular water, L

68.8 ⫾ 1.74
102 ⫾ 2.4
35.7 ⫾ 0.6
40.5 ⫾ 0.5
139.8 ⫾ 0.4
5.06 ⫾ 0.07
7.6 ⫾ 1.0
21.9 ⫾ 0.6
14.2 ⫾ 0.4

66.8 ⫾ 1.7a
96.4 ⫾ 2.1a
37.8 ⫾ 0.68a
42.3 ⫾ 0.7a
140.7 ⫾ 0.2
3.48 ⫾ 0.05a
6.8 ⫾ 0.2
21.1 ⫾ 0.6a
13.2 ⫾ 0.3a

P ⬍ 0.001
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(90 to 688) pmol/L, respectively. Because NTproBNP was not
normally distributed, values were log-transformed to produce
a normal distribution for statistical analysis. There were simple
correlations between log NTproBNP and the BP before, after,
and lowest recorded during dialysis, whether measured as
systolic, diastolic, or mean arterial pressure (Table 2). The strongest correlation was with postdialysis values; therefore, we
used postdialysis mean arterial pressure for further analysis.
There were no statistically significant correlations between log
NTproBNP and cardiac ejection fractions, whether measured
by echocardiography or nuclear medicine isotope scanning.
Similarly there were no correlations with other measurements
derived from echocardiography (e.g., left ventricular end diastolic and systolic dimensions, intraventricular septal and posterior ventricular wall thickness, and left atrial diameter and
estimated right ventricular pressure) although there was a correlation with the grade of left ventricular diastolic dysfunction
and the cardiothoracic ratio from chest x-rays. However, measurement of cardiac dimensions was only possible in approximately 88% of patients because of difficulty in obtaining reliable images. Simple correlations were noted between log
NTproBNP and a positive history of hypertension with concurrent prescription of beta-blockers but not other antihypertensive medications. There were negative correlations with hematocrit and plasma albumin and postdialysis serum potassium
and dialysate calcium concentration (Table 2). There were also
correlations between log NTproBNP and patient weight, the
change in extracellular fluid volume corrected for body surface
area (Figure 1), extracellular fluid to total body water ratio, and
the ultrafiltration rate (Figure 2).
To further explore factors affecting log NTproBNP, a series of
step-backward logistical regression models were created using
those variables with a statistically significant two-tailed Pear-

Table 2. Simple correlation analysis for log NTproBNP
measured at the end of dialysis
Variable

r

P

Percent weight loss
Post MAP
Pre hematocrit
Pre albumin
Post potassium
CTR
Prescribed beta-blocker
History of hypertension
Ultrafiltration rate
Dialysate calcium
LV diastolic function
ECW/TBWpre
⌬ECFBSA

0.50
0.439
⫺0.386
⫺0.33
⫺0.28
0.44
0.42
0.39
0.50
⫺0.33
0.358
0.45
0.495

0.0002
0.001
0.0047
0.015
0.045
0.009
0.0017
0.0033
0.001
0.0156
0.0199
0.009
0.0002

MAP, mean arterial blood pressure; CTR, cardiothoracic
ratio on chest x-ray; LV, left ventricular; ECW/TBW,
extracellular water to total body water ratio; ⌬ECFBSA,
change in extracellular fluid volume corrected for body
surface area; Pre, prehemodialysis; Post, posthemodialysis.
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Figure 1. Correlation between postdialysis log NTproBNP and
ultrafiltrate rate.

Figure 2. Correlation between postdialysis log NTproBNP and
predialysis extracellular water volume corrected for body surface area.

son correlation coefficient (P ⬍ 0.05). Five factors were found to
remain significant with this analysis: predialysis ratio of extracellular water to total body water, postdialysis mean arterial
BP, change in extracellular fluid volume with dialysis corrected
for body surface area, dialysate calcium concentration, and
postdialysis weight (Table 3).

Discussion
Previous reports of NT-proBNP measurements in hemodialysis patients have shown that this is a highly predictive biomarker for subsequent cardiac events and mortality in dialysis
patients (10,11). However, there has been debate as to whether
NT-proBNP is a marker of volume overload (7,12) or a marker
of left ventricular dysfunction (2,13), and also studies that have
reported no association with changes in left ventricular mass
index or volume status (14). We therefore audited NT-proBNP
in a cohort of stable adult hemodialysis outpatients who had
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Table 3. Step-backward logistical regression model of log BNP (r2 ⫽ 0.69)
Variable

␤

F

SEM

95% Confidence Limit

P

ECW/TBWPre
Post MAP
关Ca兴dialysate
⌬ECFBSA
Post weight

26.6
0.14
⫺1.119
0.269
⫺0.009

29.6
17.09
11.1
7.37
4.73

4.88
0.003
0.336
0.099
0.035

16.8 to 36.4
0.007 to 0.21
⫺1.79 to ⫺0.44
0.07 to 0.468
⫺0.17 to ⫺0.001

0.000
0.000
0.002
0.009
0.035

关Ca兴, dialysis calcium concentration.

contemporaneous volume assessment with pre- and postdialysis multifrequency bioimpedance. As with other reports, we
found that NT-proBNP values were not normally distributed
(2–7); therefore, we logarithmically transformed data to allow
standard statistical analysis (12).
There was no association with sex, age, or dialysis vintage.
On simple correlation analysis and in keeping with other reports, we found that NT-proBNP was associated with markers
suggestive of volume overload: ultrafiltration rate, cardiothoracic ratio, predialysis ratio of extracellular water to total body
water, and change in extracellular fluid volume with dialysis
and postdialysis BP (4,7,12). However, there were also correlations with left ventricular diastolic dysfunction as assessed by
standard two-dimensional transthoracic echocardiograms and
previous history of hypertension with current prescription of
beta-blockers, suggestive of an association with cardiac function and supporting previous observations (2,13).
Interestingly there was a negative correlation between the
dialysate calcium concentration and log NT-proBNP. Previous
studies have shown the importance of dialysate calcium concentration in maintaining cardiovascular stability during dialysis (15). Although a recent trial again observed improved
cardiovascular hemodynamics during hemodialysis with a
higher calcium dialysate, this was due to an increased stroke
volume with no significant change in BNP reported (16). In
addition, we also noted negative correlations with predialysis
hematocrit and albumin and the postdialysis potassium concentration. Although these could be a dilutional effect due to
fluid overload, these could also reflect poor nutrition and be
part of the malnutrition inflammation syndrome. Similarly,
malnutrition may also contribute to an elevated ratio of extracellular water to total body water as a result of loss of fat weight
(17). These findings are in keeping with recent reports of raised
BNP being associated with inflammation (7,12) and overhydration (18). However, we did not find any association between
CRP and log NT-proBNP, in keeping with other reports (18).
One previous report found a correlation between log NTproBNP and CRP, but interestingly in that study a raised CRP
did not predict a raised log NT-proBNP, and their median CRP
values were higher than in our cohort (12).
To investigate these associations further, logistical regression
analysis was undertaken and five factors remained significant:
postdialysis weight, BP, predialysis ratio of extracellular water
to total body water, change in extracellular fluid volume with
dialysis, and the dialysate calcium. Thus, our study did not

show any sustained association between log NT-proBNP and
cardiac function as assessed by transthoracic echocardiogram
or ATP myocardial perfusion scintography. Other studies have
reported an association between BNP and markers of left ventricular hypertrophy rather than volume status (19,20); however, in one of these studies, BNP values were lower in those
hemodialysis patients with greater residual renal function and
thereby potentially less fluid-overloaded (20). In both of these
studies, the median BNP values were substantially greater than
those in our study (19,20), as were the levels of overhydration
(20).
Although the relationships with predialysis ratio of extracellular water to total body water and change in extracellular fluid
volume with dialysis could suggest that log NT-proBNP is
predominantly determined by volume overload, these factors
can also be associated with the malnutrition inflammation syndrome. A potential link between NT-proBNP and malnutrition
inflammation syndrome would also be supported by the observed association with lower postdialysis weights and the use
of a higher calcium dialysate, because in our center the number
of dialysate concentrates is limited and the only high-calcium
dialysate (1.5 mmol/L) available has a potassium concentration
of 3.0 mmol/L and is therefore restricted to hypokalemic patients, who are typically malnourished.
As with previous studies, although an increased extracellular
water to total body water ratio determined by multifrequency
bioimpedance and NT-proBNP are suggestive of overhydration
in hemodialysis patients, single absolute values should always
be interpreted within the clinical context (21). Raised BNP with
normal hydration status should prompt cardiac investigation,
whereas increased values of both parameters warrants reappraisal of postdialysis dry weight, and if overhydrated then
targeted weight reduction can be monitored by serial reductions in bioimpedance and BNP measurements. Similarly very
low BNP values with high normal or overhydrated bioimpedance values should trigger consideration of whether an increase
in target weight is appropriate.

Disclosures
None.

References
1. Foley RN, Parfrey PS: Cardiovascular disease and mortality in ESRD. J Nephrol 11: 239 –245, 1998

1040

Clinical Journal of the American Society of Nephrology
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