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ABSTRACT

INTRODUCTION  N-terminal pro-B-type natriuretic peptide (NT-proBNP) is an established biomarker of
heart failure in the general population. However, its diagnostic value is unclear in hemodialysis (HD)
patients owing to renal insufficiency.

0BJECTIVES The aim of the study was to establish the usefulness of NT-proBNP for hydration assess-
ment and the relation of NT-proBNP to the nutritional state and prognosis of survival.

PATIENTS AND METHODS  In 321 HD patients (206 men; mean age, 65.1 =21.4 years), we assessed NT-proBNP
levels, overhydration (OH;,), and the indices of the nutritional state (using a bioimpedance analysis [BIA]) in
relation to cardiac troponin T (cTnT), hemoglobin, albumin, total cholesterol (TC), and C-reactive protein (CRP)
levels. The efficacy of HD was assessed using Kt/V, weekly HD dose, and HD session ultrafiltration. The cohort
was divided into NT-proBNP quartiles. Patients with 2 NT-proBNP measurements were categorized also into
change-over-time subgroups. A follow-up lasted for a median period of 23.8 +26.3 months.

RESULTS Relative OH,, increased across the NT-proBNP quartiles (01/02/Q3/Q4, 1.31% +2.56%/2.06%
+2.35%/2.92% +2.97%/4.62% +4.22%; P <0.0001). NT-proBNP was also closely associated with other
OH parameters. In addition, there was a significant correlation between NT-proBNP and c¢TnT (r = 0.55;
P <0.0001). Body mass index (BMI) and fat tissue index (FTI) decreased across the quartiles (BMI, 28.5
+7.7/26.0 +6.6/25.8 +5.4/23.7 =5.5 kg/m?, FTI, 14.4 +9.0/14.1 =7.3/12.3 +6.8/11.6 +6.1; P <0.001).
The highest albumin level was present in Q1 (4.10 =0.63/3.99 +0.51/3.90 +0.62/3.97 =0.78 g/d|; P =
0.006). The TC level was the lowest in Q4 (190 +=60/169 =56/173 +51/153 =56 mg/dl; P = 0.002).
The hemoglobin level decreased across the quartiles (11.44 +1.25/11.15 +2.50/10.79 +=1.51/10.45
+1.67 g/dl; P = 0.0006). The differences in CRP levels and HD-related parameters were nonsignificant.
During the follow-up, 97 deaths were recorded (11/26/21/39, P <0.0001).

concLusions NT-proBNP seems to be a useful biomarker of hypervolemia in HD patients. Nevertheless,
it has to be interpreted with regard to the patient’s individual residual renal function and cardiovascular
status.

INTRODUCTION  Chronic kidney disease (CKD),
with end-stage renal disease (ESRD) as its final
phase, has emerged as one of the most challeng-
ing healthcare issues in developed countries. Each
year about 440 000 individuals are introduced
to renal replacement therapy (RRT) worldwide.!
Among patients treated with hemodialysis (HD),
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the most common modality of RRT, the annual
mortality rate varies from 5% to 27%, depending
on the country.? Cardiovascular (CV) risk in this
group is significantly higher compared with their
sex- and age-matched healthy counterparts, and
CV disease, the leading cause of death, accounts
for nearly 50% of all deaths.>* In younger patients



(under 45 years old) undergoing dialysis, the CV
risk can be up to 100-fold greater compared with
the general population, and this trend is evident
also in young dialyzed women.® The list of causes
for CV mortality includes, among others, sud-
den cardiac death, pulmonary thromboembolism,
myocardial infarction, arrhythmias, and stroke.!
Apart from traditional CV risk factors, ESRD pa-
tients are burdened with uremia-related factors
such as overhydration, chronic low-grade inflam-
mation, malnutrition, anemia, hyperphosphate-
mia, and vitamin D deficiency.5’ As a result, CKD
patients suffer from several disorders restricted
mainly to this condition, including severe mineral
and bone disorders linked to vascular calcification,
as well as electrolyte and water imbalance, accel-
erated aging, and many others.' The spectrum of
CKD-related disorders is so extensive that a spe-
cial multifactorial diagnostic and therapeutic ap-
proach is necessary, which also includes the need
for developing appropriate, sensitive, reproduc-
ible, and affordable prognostic markers. The fam-
ily of natriuretic peptides, owing to their associa-
tion with the hydration status, seems to be par-
ticularly promising.

Brain natriuretic peptide (BNP) and N-termi-
nal pro-B-type natriuretic peptide (NT-proBNP)
are well-established gold standard biomarkers of
heart failure (HF) in the general population. They
are synthetized by the myocytes of the heart ven-
tricles as a result of the BNP gene expression in re-
sponse to volume- or pressure-dependent myocar-
dial stretch. The immature 108-aminoacid proB-
NP, which is a secondary product of the gene tran-
scription, is cleaved in a one-to-one ratio into 2
compounds: biologically active 32-aminoacid BNP
and 76-aminoacid NT-proBNP, an inert N-termi-
nal remainder of the synthesis.®® After the re-
lease into the circulation, BNP binds to mem-
brane-linked receptors located in the liver, lung,
kidney, and vascular endothelium, exerting its
physiological functions, namely, diuresis, natri-
uresis, and vasodilation.!®"" In short, natriuretic
peptides protect against volume overload and its
long-term effects such as heart remodeling, and
are natural opponents to the renin-angioten-
sin—aldosterone system.® BNP is removed from
the circulation using enzymatic processes, recep-
tor-mediated mechanisms (natriuretic peptide
receptor type C), and only partially through re-
nal clearance, whereas NT-proBNP is eliminated
mostly by the kidneys. This explains why these 2
peptides have different half-lives (21 minutes for
BNP and 60 to 120 minutes for NT-proBNP) and
why, in CKD, BNP levels may be less dependent on
renal function.®'""* Among healthy individuals,
the circulating levels of BNP and NT-proBNP are
higher in women than in men and increase with
age.® Their levels may be elevated also in CV dis-
eases other than HF, such as valvular and con-
genital heart disorders, arrhythmias, myocardi-
tis, acute coronary syndrome, stroke, and also
in some non-CV disorders such as bacterial sep-
sis, acute respiratory distress syndrome, severe

anemia, and burns.? Due to the fact that the ki-
netics of natriuretic peptides are altered by renal
dysfunction, the interpretation of circulating na-
triuretic peptide levels in relation to HF in HD pa-
tients may be difficult.'?

The assessment of the hydration status of pa-
tients undergoing dialysis is particularly impor-
tant. The ability to accurately measure the amount
of excess fluid volume, overhydration (OH), is
an area of particular interest for nephrologists be-
cause this is needed to achieve adequate volume
control in patients undergoing HD and to reduce
the risk for CV complications.” Traditional meth-
ods of OH evaluation include the observation of
interdialytic weight gain, blood pressure, pres-
ence of edema, measurement of the cardiotho-
racic index or inferior vena cava diameter—some
of them being very subjective or highly imprac-
tical and difficult to implement in the clinical
setting.” Therefore, the introduction of the bio-
impedance analysis (BIA) has been an important
improvement. The BIA enables a noninvasive, in-
expensive, objective assessment of hydration sta-
tus in clinical practice.'® Proper volume manage-
ment and avoidance of OH are thought to reduce
hypertension, related heart remodeling, risk for
CV complications, and death rates."’

The main goal of our study was to assess the
usefulness of NT-proBNP as a marker of hyper-
volemia, with a BIA as a comparative method in
our cohort of HD patients. We also aimed to es-
tablish the value of NT-proBNP as a prognostic
marker and searched for a relationship between
NT-proBNP and patients’ inflammatory and nu-
tritional status.

PATIENTS AND METHODS Study design This pro-
spective multicenter observational study was per-
formed in a cohort of 321 patients (206 men; 115
women; mean age, 65.1 +21.4 years) suffering
from ESRD who were treated with maintenance
HD. Patients were recruited from 3 different HD
centers (132, 107, and 82 patients, respective-
ly). Patients with a history of implantable car-
dioverter defibrillator, joint endoprosthesis sur-
gery, and amputations were excluded owing to
contraindications to a BIA. Otherwise there were
no exclusion criteria related to comorbidities, and
all patients willing to participate were enrolled.
The study protocol was approved by a local ethics
committee. Prior to obtaining written consent,
patients were provided with a detailed study de-
scription and were informed of the risks and ben-
efits of participation in the study. A study design
defined 2 observation points (OP) for each sub-
ject—the first one during the screening and in-
clusion process (OP1) and the second one during
the follow-up (OP2). OP2 was performed in 67.6%
(n = 217) of the initial patients after a median
time of 35.0 +1.3 weeks. The remaining patients
were lost to follow-up for several reasons includ-
ing death, renal transplant, transfer to peritone-
al dialysis or to another HD center. At each OP,
amedical history was taken, physical examination
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performed, body composition assessed, and blood
samples collected.

Body composition parameters were estimated
using the BIA (Body Composition Monitor, Frese-
nius Medical Care Deutschland GmbH, Bad Hom-
burg, Germany), yielding indices of OH includ-
ing absolute (absOH,,,) and relative (relOH,,;
absOH,,, 1/actual body weight, kg expressed in
%), total body water (TBW), extra- and intracellu-
lar water (ECW, ICW), ECW/TBW ratio as well as
body mass index (BMI), fatty tissue index (FTI),
and lean tissue index (LTI). The measurements
were performed shortly before mid-week HD ses-
sion in a supine position using 4 disposable elec-
trodes attached in pairs to the patient’s hand and
foot contralateral to the arteriovenous fistula, as
per the device manual.

Blood samples were collected before the
mid-week HD session. Laboratory tests were
aimed at multifactorial evaluation of the stud-
ied patients. CV condition was assessed using
serum NT-proBNP (pg/ml, Elecsys® assay, Roche
Diagnostics, Basel, Switzerland) and cardiac tro-
ponin T levels (cTnT, Elecsys® Troponin T fourth
generation assay, Roche Diagnostics, Basel, Swit-
zerland). We also used serum albumin, hemoglo-
bin, and total cholesterol (TC) concentrations to
assess the nutritional status as well as C-reac-
tive protein (CRP) to assess the inflammatory
state. We decided to estimate residual renal func-
tion with patient-reported daily diuresis (PRDD),
whereas HD efficacy was assessed with Kt/V
(Daugirdas), HD session ultrafiltration (HDuf)
and weekly HD dose understood as the number
of hours of dialysis per week (HDdose).

For statistical purposes, the study group was
divided into quartiles according to NT-proBNP
levels (Q1-3,n = 80 each, and Q4, n = 81). Patients
with 2 NT-proBNP estimation points (n = 217)
were also categorized according to changes in
NT-proBNP concentrations into 4 subgroups:
“decrease” (Alog,, NT-proBNP < lower quartile,
n = 55), “increase” (Alog,, NT-proBNP > upper
quartile, n = 55), and the remaining into “stable
high” (OP1 log,, NT-proBNP > median, n = 54),
and “stable low” (OP1 log,) NT-proBNP < medi-
an, n = 53). The entire cohort was observed for
a median time of 23.8 +26.3 months to record
mortality.

Statistical analysis A statistical analysis was per-
formed using STATISTICA 10 (StatSoft Inc., Tul-
sa, Oklahoma, United States). NT-proBNP values
were log-transformed before further calculations
and analysis. Interval variables were tested for
normality using the Shapiro-Wilk test. We em-
ployed either the analysis of variance with the NIR
post-hoc test or the Kruskal-Wallis test with the
Dunn’s post-hoc test for a comparison between
quartiles. Differences in nominal variables were
assessed with the 2 test. All correlations were
performed using the Spearman correlation coef-
ficient. The differences for paired variables (com-
parison between OPs) were analyzed using either
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the Wilcoxon matched-pair test or the t test for
paired variables, depending on normality. A sur-
vival analysis was concluded using Kaplan-Meier
curves with the y? test to test significance. Final-
ly, a Cox proportional hazard regression model
was built to determine potential prognostic pre-
dictors. A P value of less than 0.05 was consid-
ered significant. Variables with normal distribu-
tion were expressed as mean + standard devia-
tion, whereas variables with nonnormal distri-
bution—as a median value + interquartile range.

RESULTS Cohort characteristics Diabetic kidney
disease was the leading cause of ESRD in the stud-
ied cohort (18.7%, n = 60), followed by glomeru-
lonephritis (17.1%, n = 55), ischemic nephropathy
(10.6%, n = 34), polycystic kidney disease (8.4%,
n =27), and several others. In 36 patients (11.2%),
the cause of ESRD was not established. There were
no significant differences between the NT-proBNP
quartiles with regard to subjects’ age, sex distri-
bution, incidence rates of diabetes mellitus, past
history of myocardial infarction, stroke, or length
of follow-up. Throughout the follow-up, 97 pa-
tients died (30.2% of the entire cohort), 24 re-
ceived kidney graft (7.5%), while 4 were lost to
follow-up due to transfer to peritoneal dialysis or
other HD centers, and 1 was discontinued from
RRT. The remaining 195 patients were alive and
remained in the study. Selected parameters and
cohort characteristics recorded during OP1 are
presented in TABLE 1.

Hydration, cardiovascular, and hemodialysis para-
meters OH according to the BIA, both ab-
solute (absOH,,) and relative (relOH,,), in-
creased across the higher quartiles of NT-proB-
NP with the highest values in Q4 (P <0.0001).
The same trend was present for the ECW/TBW
ratio with the highest values observed in Q4 and
Q2 (P =0.0003). However, the post-hoc analysis
showed that the differences in the ECW/TBW ratio
were significant only for Q1 vs Q2 and Q1 vs Q4 (P
=0.03 and P = 0.0001, respectively). At the same
time, there were significant strong correlations
between log,, NT-proBNP and the above param-
eters (absOHy,, = 0.41, P <0.0001; relOH, ,, 7 =
0.44, P <0.0001; and ECW/TBW ratio, r = 0.24, P
<0.0001). All correlations are presented in TABLE 2.
On the contrary, PRDD was adequately decreas-
ing across the quartiles (P <0.0001) with a nega-
tive correlation with log,) NT-proBNP (r = -0.32;
P <0.0001). Furthermore, we found a strong cor-
relation between increased values of NT-proBNP
and cTnT reflected both as a correlation (r = 0.55;
P <0.0001) and as a steady cTnT increase across
the studied quartiles (P <0.0001). Similar correla-
tions with cTnT were present for both OH,, pa-
rameters (r = 0.39; P <0.0001). Variations and cor-
relations in terms of the recorded blood pressures,
Kt/V, HDdose, and HDuf were nonsignificant. Sta-
tistical comparisons between OPs for the stud-
ied quartiles did not reveal any relevant differ-
ences (data not shown); therefore, we decided to



TABLE 1 Characteristics of patients on maintenance hemodialysis
Variable All patients NT-proBNP levels
(n = 321) quartile 1 quartile 2 quartile 3 quartile 4
(n = 80) (n = 80) (n = 80) (n = 81)

age, y 65.2 x21.4 64.9 +22.4 65.6 +21.1 64.9 +20.5 63.3 £22.6 NS (0.33)
men, % 64.2 72.5 63.8 57.5 63.0 NS (0.25)
fatal outcome 30.2 13.8 325 26.3 48.2 <0.0001
CV, % 16.5 6.3 21.3 12.5 25.9

NS (0.57)
non-CV, % 13.7 15 11.3 13.8 22.2
diabetes, % 32.7 21.5 375 36.3 29.6 NS (0.35)
HD vintage, wk 178.7 +200.0 154.1 +136.6 176.9 £158.3 170.6 +234.3 237.0 +245.6 0.03
absOH,,, | 1.90 =2.20 1.10 £2.10 1.60 =1.80 2.20 £2.15 2.90 +3.30 <0.0001
relOHg,,, % 2.55 +3.41 1.31 £2.56 2.06 +2.35 2,92 £2.97 4.62 =4.22 <0.0001
ECW/TBW ratio 0.503 +0.052 0.491 =0.049 0.508 +0.059 0.501 =0.049 0.515 =0.060 0.0003
BMI, kg/m? 259 £6.5 28.5 £7.7 26.0 £6.6 25.8 £5.4 23.7 £5.5 <0.0001
FTI, kg/m? 13.2 =71 14.4 9.0 14.1 £7.3 12.3 £6.8 11.6 6.1 0.0002
LTI, kg/m? 115 £3.5 12.4 3.4 11.2 =28 11.6 3.5 11.3 £3.2 0.01
NT-proBNF, pg/ml 6098 =19659 985 =933 3571 =2238 10142 +8003 35000 +2863 <0.0001
cTnT, ng/ml 0.049 +0.058 0.026 +0.033 0.042 =0.037 0.061 =0.046 0.094 +0.122 <0.0001
albumin, g/dI 4.00 +0.65 4.10 =0.63 3.99 £0.51 3.90 +0.62 3.97 £0.78 0.006
hemoglobin, g/dI® 10.95 £1.53 11.44 £1.25 11.15 £2.50 10.79 £1.51 10.45 £1.67 0.0006
TC, mg/dl 171 =62 190 60 169 +£56 173 £51 153 £56 0.002
CRP, mg/I 7.31 £11.00 6.65 +11.02 7.50 £9.37 7.29 £10.50 7.92 +20.26 NS (0.38)
PRDD, ml 1000 +1350 1000 +1500 875 1250 550 =1450 400 +1000 <0.0001
HDuf, ml 2300 +=1900 2000 +=2700 2550 =1400 2200 2000 2300 +2050 NS (0.69)
HDdose, h 12.0 =05 12.0 =05 12.0 =05 12.0 =05 12.0 =05 NS (0.81)
SBP. mmHg? 138.1 £20.3 137.5 £17.9 136.7 £22.6 139.2 £19.5 139.0 £21.3 NS (0.86)
DBP, mmHg? 80.0 =20.0 80.0 =15.0 80.0 £20.0 80.0 £20.0 80.0 £15.0 NS (0.65)
MBP, mmHg? 101.0 =£13.8 100.7 £12.3 99.7 +14.7 102.1 £13.2 101.4 £12.7 NS (0.71)

a values expressed as mean = standard deviation; the remaining values are presented as median * interquartile range or percentage.

Abbreviations: absOH,,, absolute overhydration according to bioimpedance analysis; BMI, body mass index; CRP, C-reactive protein; cTnT, cardiac
troponin T; CV, cardiovascular; DBP, diastolic blood pressure; ECW/TBW, extracellular water to total body water; FTI, fat tissue index; HD, hemodialysis;
HD vintage, preceding time on HD; HDdose, number of hours of dialysis per week; HDuf, HD session ultrafiltration; LTI, lean tissue index; MBP, mean
blood pressure; NS, nonsignificant; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PRDD, patient-reported daily diuresis; relOH,,,, relative
overhydration according to bioimpedance analysis; SBP, systolic blood pressure; TC, total cholesterol

BIAY

analyze these parameters in the subgroups accord-
ing to changes in NT-proBNP correlations (TABLE 3).
A decrease in NT-proBNP levels was associated
with a reduction in both OH parameters (absO-
H,,, P=0.0003, and relOH,,,, P = 0.0004) as
well as a significant reduction in cTnT levels (P =
0.003). Opposite effects were observed in the “in-
crease” group. A decline in PRDD was also not-
ed in the “increase” group (750 +1400 ml vs 350
+1000 ml, P = 0.001). Changes in Kt/V, HDdose,
HDuf, and blood pressures were nonsignificant.

Nutritional, inflammatory, and other parameters
The highest median albumin level was present in

Q1 and the lowest—in Q3; however, the post-hoc
analysis revealed that the differences for albumin
were significant only for Q1. TC levels were the
lowest in Q4, followed by Q2; however, again,
the differences were significant only between Q1
and Q4 (P = 0.0008). On the contrary, hemoglo-
bin levels decreased steadily across the quartiles
(P =0.0006; 1aBLE 1). These trends were support-
ed by inverse correlations between log, ) NT-proB-
NP levels and the above parameters (TABLE 2). BMI
and FTI decreased almost similarly in consecutive
quartiles (P <0.0001 and P = 0.0002, respectively).
Surprisingly, LTI was the lowest in Q2 and peaked
in Q1 (P = 0.01 in the post-hoc analysis). The
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TABLE 2 Spearman correlation coefficients between N-terminal pro-B-type natriuretic peptide and other parameters in patients on maintenance
hemodialysis (n = 321)

Parameter r P value Parameter r P value
cTnT 0.55 <0.0001 BMI -0.29 <0.0001
relOH;, 0.45 <0.0001 FTI -0.23 <0.0001
absOH,, 0.41 <0.0001 N LTl -0m NS (0.06)
nutrition
PRDD -0.32 <0.0001 hemoglobin -0.26 <0.0001
hylflil;a“""' CVand  ecwrBw 024 <0.0001 TC -0.25 0.0001
MBP 0.06 NS (0.33) albumin -0.20 0.0007
Kt/V 0.07 NS (0.36) inflammation CRP 0.12 NS (0.09)
HDdose -0.05 NS (0.46) HD vintage 0.16 0.0053
HDuf 0.01 NS (0.87) other age -0.01 NS (0.88)

Abbreviations: see TABLE 1

TABLE 3 Differences in the most important parameters between the two observation points in the subgroups according to changes in N-terminal
pro-B-type natriuretic peptide levels in patients on maintenance hemodialysis
Stable low (n = 53)

Decrease (n = 55) Increase (n = 55)

Stable high (n = 54)

OP1 2013 +2606 13519 30253 2700 5712 27198 £19140
NT-proBNP pg/ml  OP2 2199 +2572 2960 +4424 18014 +28762 35000 16147

Pvalue NS (0.21) <0.0001 <0.0001 0.03

OP1 0.043 0.036 0.047 +0.052 0.043 =0.059 0.106 +0.137
¢TnT, ng/ml oP2 0.037 0.03 0.040 =0.039 0.060 =0.066 0.101 +0.098

Pvalue NS (0.39) 0.003 0.0006 NS (0.31)

OP1 1.55 +1.50 2.20 £2.10 1.50 +1.80 2.60 =2.50
absOH, ,, | oP2 110 +1.55 1.00 +1.90 2.30 £2.90 2.85 £2.90

Pvalue NS (0.65) 0.0003 0.01 NS (0.72)

OP1 1.75 +1.98 2.82 +3.00 2.02 +2.48 454 +3.65
relOH,,,, % oP2 1.37 +2.29 145 £2.63 3.44 +3.55 443 =4.24

Pvalue NS (0.61) 0.0004 0.008 NS (0.65)

OP1 11.40 +1.80 10.90 +1.90 1130 £1.90 11.00 =2.00
hemoglobin, g/dl  OP2 1115 £1.10 11.40 +1.60 1070 2.10 10.80 =1.60

Pvalue  0.02 NS (0.11) 0.003 NS (0.45)
all-cause mortaity 11(20.7) 8(14.5) 19 (34.5) 19(35.2)

(P =0.027)

Data are expressed as median = interquartile range or number (percentage) of patients.

Abbreviations: OP1, first observation point; OP2, second observation point; others, see TABLE 1
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tendencies for BMI and FTI were confirmed by
significant correlations (both P <0.0001), where-
as the relationship between log, ) NT-proBNP and
LTI was nonsignificant (P = 0.06). No significant
differences in inflammatory markers between
the NT-proBNP quartiles or correlations for CRP
were observed. In addition, we found an associ-
ation between log,, NT-proBNP and HD vintage
(r=0.16; P = 0.005) with the differences between
the quartiles (P = 0.03). A comparison between
the OPs revealed a decrease in hemoglobin levels
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in patients from the “increase” group (P = 0.003;
TABLE 3). Moreover, “stable high” subjects showed
areduction in LTI and BMI (11.1 +3.5vs 10.5 +3.3,
P =0.005; 23.5 +4.9 vs 23.3 #4.9, P = 0.008; re-
spectively). We also found a significant improve-
ment in albumin levels in the “decrease” group
(4.00 +0.61 g/dl vs 4.20 +0.50 g/dl, P = 0.0006).
The changes in FTT and TC were nonsignificant.

Survival analysis The all-cause mortality rate
was the highest in Q4 (39/81, 48.2%), followed



FIGURE 1 Kaplan—
—Meier survival analysis
for the quartiles of
N-terminal pro-B-type
natriuretic peptide

(P = 0.0001)

FIGURE 2 Kaplan—
—Meier survival analysis
for the subgroups
according to changes in
N-terminal pro-B-type
natriuretic peptide levels
(P = 0.024)
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by Q2 (26/80, 32.5%), Q3 (21/80, 26.3%), and Q1
(11/80, 13.8%) with a P value of less than 0.0001.
The differences in CV and non-CV mortality indi-
ces were nonsignificant (TABLE 1). The Kaplan-Mei-
er curves for survival probability across the quar-
tiles (FIGURE 1) supported a trend similar to the one
already illustrated for all-cause mortality rates.
Additionally, FiGuRe 2 presents the Kaplan-Meier
curves plotted for the subgroups according to
changes in NT-proBNP levels, which were strong-
ly in favor of improved survival in the “decrease”
and “stable low” groups. The multivariate Cox
proportional hazard regression analysis revealed

T T T T
25 30 35 40

follow-up, mo

that the NT-proBNP quartile (HR 1.37, P = 0.005),
ECW/TBW ratio 20.503 (HR 1.62, P = 0.04), PRDD
<1000 ml (HR 2.30, P = 0.003), and relOH, >4%
(HR, 1.77; P = 0.01) were significant unfavorable
predictors, while surprisingly, the HD vintage de-
cile (HR, 0.75; P <0.0001) had a protective effect.
The results of univariate and multivariate analy-

ses are presented in TABLE 4.

DISCUSSION The results of the current study
confirm that NT-proBNP is a marker of hyper-
volemia in HD patients. We observed an in-
crease in all hydration-related parameters across

ORIGINAL ARTICLE N-terminal pro-B-type natriuretic peptide as a marker of hypervolemia... 565



TABLE 4  Univariate and multivariate Cox proportional hazard analysis in 321 patients on maintenance hemodialysis

Analysis Parameter HR (95% Cl) P value Parameter HR (95% Cl) P value
univariate ECW/TBW 2.02 0.001 LTI, kg/m?2 0.92 0.027
20.503 (1.31-3.10) (0.85-0.99)
HD vintage 0.79 <0.0001 history of MI 1.66 0.035
decile (0.72-0.86) (1.04-2.67)
NT-proBNP 1.41 0.0003 BMI, kg/m? 0.97 NS (0.17)
quartile (1.17-1.70) (0.93-1.01)
relOH, >4% 2.1 0.0003 CRP. mg/I 1.00 NS (0.33)
(1.41-3.15) (0.997-1.009)
albumin, g/d| 0.50 0.0004 TC, mg/dl 1.00 NS (0.52)
(0.34-0.73) (0.99-1.00)
PRDD <1000 ml  2.61 0.0004 diabetes 1.13 NS (0.58)
(1.54-4.42) (0.74-1.71)
relOHy, o 1.13 0.0005 FTI, kg/m? 0.99 NS (0.7)
(1.05-1.21) (0.96-1.03)
absOHy,, | 1.18 0.0007 history of stroke 1.06 NS (0.87)
(1.07-1.31) (0.53-2.10)
hemoglobin, g/dl  0.85 0.02 sex (female) 1.00 NS (0.99)
(0.75-0.97) (0.66-1.52)
multivariate HD vintage 0.75 <0.0001 relOH;,, >4% 1.77 0.01
decile (0.69-0.82) (1.14-2.76)
NT-proBNP 1.37 0.005 ECW/TBW >0.503 1.62 0.04
quartile (1.10-1.70) (1.02-2.56)
PRDD <1000 ml  2.30 0.003
(1.32-4.00)

Abbreviations: Cl, confidence interval; HR, hazard ratio; MI, myocardial infarction; others, see TABLE 1
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the increasing NT-proBNP quartiles, accompa-
nied by several significant correlations between
NT-proBNP and those parameters, thus reflect-
ing the effect of fluid overload on NT-proBNP.
The monitoring of the hydration status over time
also showed that both a decrease and increase
in OH was reflected by alterations in NT-proB-
NP levels. These changes, however, might have
been partially influenced by the shifts in resid-
ual diuresis (eg, a decrease in PRDD in the “in-
crease” group was associated with an increase in
NT-proBNP levels) and with additional uniden-
tified conditions. Our results are in accordance
with the observations by other investigators, who
either detected significant correlations between
NT-proBNP and OH-related parameters (depend-
ing on methodology) or high values of natriuret-
ic peptides for patients with fluid overload.'8-?8
There are also a number of studies that failed to
confirm any relationship between NT-proBNP
levels and hydration status, which in some cas-
es might have been due to a low number of stud-
ied subjects or the use of different methods.?*-3
Secondly, the fact that many supplementary fac-
tors such as blood pressure, dialysis-related pa-
rameters, sex, and even age showed no associa-
tions with NT-proBNP levels is remarkable. These
findings are, at least partially, in line with oth-
er studies.?0.24.25.31.32 On the other hand, Booth
et al.?! was able to connect log NT-proBNP with
ultrafiltration rate, whereas Nongnuch et al.,??
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Papakrivopoulou et al.,?* and Yilmaz et al.?8 found
substantial correlations between natriuretic pep-
tides and blood pressure. In our study, apart from
OH, NT-proBNP was also associated with PRDD,
which is not surprising because residual renal
function strongly affects NT-proBNP clearance.
Furthermore, our data showed that an increase
in OH was associated with signs of cardiac mus-
cle damage (cTnT), and that cTnT levels were
positively correlated with NT-proBNP and other
BIA-derived OH parameters. Other studies that
analyzed multiple biomarkers for CV status eval-
uation support these findings.'82830 Interestingly,
we found that a reduction in hypervolemia (and
NT-proBNP levels) over time was synchronized
with a decrease in myocardial damage indicators
and a better prognosis.

The analysis of nutritional and inflammato-
ry parameters gave confounding results. Despite
the fact that NT-proBNP correlated negatively
with practically all nutritional indices, the distri-
bution of the peak and bottom values in the stud-
ied subgroups was uneven. It seems that although
our data show a relation of NT-proBNP with nu-
tritional status, this link is less conspicuous than
the link between NT-proBNP and OH. Albumin
levels, commonly used as a marker of malnutri-
tion, were found to be the lowest for patients with
fluid overload by many authors, and this effect is
usually linked with dilution.”® Other investiga-
tors also underlined the fact that patients with



low OH and NT-proBNP are usually heavier, with
higher levels of fatty tissue and albumin, which
is explained by altered fluid distribution mecha-
nisms and is related to reverse epidemiology char-
acteristic for obese HD patients.?? In general, he-
moglobin, albumin, BMI, and FTI were negative-
ly correlated with NT-proBNP, which is in accor-
dance with observations from other studies.?*2%3!

Intrestingly, the comparisons and correlations
for CRP showed no significant results. Although
a few studies support our findings,'8?* the vast
majority of investigators managed to connect
the inflammatory status with NT-proBNP. It is be-
lieved that in patients treated with repeated HD,
shifts in intradialytic blood pressures might cause
bacterial translocation from the gut to the circula-
tion, which results in secondary endotoxemia and
chronic low-grade inflammation.”® OH, as an un-
derlying cause for gut wall edema, might promote
these reactions.?’ In our study, we failed to find
any connection between inflammation and hy-
dration status, but since we measured CRP only,
our results hardly prove the absence of any rela-
tion between these two. The use of interleukin 6
or serum amyloid A might have revealed more in-
teresting results.

NT-proBNP is also believed to be a power-
ful prognostic indicator. In 2004, Apple et al.*3
first published a paper comparing the use of
NT-proBNP and other biomarkers (CRP, ¢TnT,
and cTnl) for survival assessment; as compared
to the other biomarkers, NT-proBNP was found
to have the largest receiver-operator character-
istics area under the curve. The prognostic value
of NT-proBNP was confirmed by Sharma et al.%*
in 2006, Madsen et al.®® and Sommerer et al.3¢ in
2007, and many other investigators later on.'”-%7-39
The prognostic usefulness of NT-proBNP has also
been confirmed in other (nonrenal) groups of pa-
tients.*>%? In our study, the all-cause mortality
rates and Kaplan-Meier curves showed that sur-
vival was the lowest in Q4 and the highest in Q1
of NT-proBNP. The Cox regression model proved
that a transition to a higher NT-proBNP quar-
tile was linked with a 1.36-fold increase in mor-
tality risk. We therefore believe our results to
be in line with the observations made by previ-
ous investigators. Moreover, a study by Winkler
et al.¥ illustrated that patients with more than
a double increase in NT-proBNP levels over time
had a higher risk of all-cause death than patients
with stable levels. Gutierrez et al.®® investigated
the effect of NT-proBNP change during 90 days
and found that the group showing an increase in
NT-proBNP levels had a 2.4-fold greater risk of
all-cause mortality compared with patients with
a decrease in NT-proBNP levels. In our cohort,
we showed that a stable low value or a decrease
in NT-proBNP levels was associated with a bet-
ter prognosis when compared with patients with
an increase in or stable high values of this pa-
rameter. However, there are a few interesting is-
sues in terms of survival that require a comment.
First, our data showed that despite lower median

NT-proBNP levels, the prognosis was worse in Q2
compared with Q3. Intrestingly, the ratio of CV
to non-CV mortality in Q2 was 2:1, as compared
with the ratio of 1:1 in other quartiles (although
the differences in CV and non-CV mortality rates
were nonsignificant). We suspect that Q2 subjects
were influenced by additional deleterious factors,
which were illustrated, at least partially, by slight-
ly lower values of LTI and TC, higher ECW/TBW
ratio, as well as longer HD vintage compared with
Q3 patients. Secondly, we found significant dif-
ferences in survival prognosis for patients with
stable low and decreasing values of NT-proBNP.
We believe this may be explained by the fact that
“stable low” patients experienced a drop in hemo-
globin levels, while the “decrease” group improved
in terms of albumin levels. The above interpreta-
tion is highly speculative, and most likely, it does
not consider all possible underlying difficulties.
Although the assessment of the nutritional sta-
tus was not the main goal of this study, its in-
fluence on survival and prognosis is undeniable.

Some limitations of our study should be ac-
knowledged. Firstly, owing to the design of
the study, no conclusions can be made regard-
ing causality. Secondly, the study was conducted
in a cohort that was quite homogenous in terms
of ethnicity, and the majority of the included
patients were Caucasians originating from Po-
land, restricting its generalizability. Thirdly, im-
age-based diagnostic procedures to assess CV sta-
tus were lacking; echocardiography and measure-
ment of the intima-media thickness to identify
patients with systolic HF and disseminated ath-
erosclerosis, respectively, could have strength-
ened the study.

In conclusion, natriuretic peptides play a major
role in the pathophysiological relationships reg-
ulating the CV status in HD patients. NT-proB-
NP seems to be a valid biomarker of hypervol-
emia and could represent a valuable tool in the as-
sessment of OH in HD units without access to
BIA or other objective techniques. Neverthe-
less, the assessment of hydration status based
on NT-proBNP levels must be interpreted care-
fully with regard to factors such as the patient’s
individual residual renal function and CV his-
tory. Although the results of the current study
are promising, further studies are needed to es-
tablish the role of NT-proBNP in everyday clin-
ical practice.
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STRESZCZENIE

WPROWADZENIE  N-koficowy propeptyd natriuretyczny (N-terminal pro-B-type natriuretic peptide —
NT-proBNP) jest uznanym biomarkerem niewydolno$ci serca w populacji ogélnej. Niestety w gru-
pie pacjentéw poddawanych hemodializie (HD) jego warto$¢ diagnostyczna jest niejasna ze wzgledu
na niewydolno$¢ nerek.

CELE Celem badania byta ocena przydatno$ci NT-proBNP w ocenie nawodnienia pacjentéw HD oraz
jego powiazania ze stanem odzywienia i rokowaniem co do przezycia.

PACJENCI | METODY W grupie 321 pacjentéw HD (206 mezczyzn; $rednia wieku 65,1 +21,4 roku)
oceniono stgzenie NT-proBNF, przewodnienie (OH,,) i parametry stanu odzywienia (metodg bio-
impedancji elektrycznej, BIA) w odniesieniu do poziomu sercowej troponiny T (cTnT), hemoglo-
biny, albuminy, cholesterolu catkowitego (total cholesterol — TC) i biatka C-reaktywnego (C-reactive
protein — CRP). Efektywno$¢ HD okre$lono za pomoca Kt/V, tygodniowej dawki HD oraz objgto$ci
ultrafiltracji. Kohorte podzielono na kwartyle wg poziomu NT-proBNP. Pacjentéw z dwoma pomiarami
NT-proBNP skategoryzowano do podgrup w zalezno$ci od dynamicznych zmian tego parametru. Mediana
obserwacji wynosita 23,8 +26,3 miesigca.

WYNIKI - Wzgledne OH,, wzrastato w poszczegdlnych kwartylach (Q1/02/Q3/Q4: 1,31% =2,56%/2,06%
+2,35%/2,92% +2,97%/4,62% *+4,22%; p <0,0001). NT-proBNP byto $cisle powigzane réwniez z innymi
parametrami nawodnienia. Ponadto stwierdzono istotng korelacje migdzy NT-proBNP a cTnT (r = 0,55;
p <0,0001). Wskaznik masy ciata (body mass index — BMI) oraz tkanki ttuszczowej (fat tissue index —
FTI) zmniejszaty sie w kolejnych kwartylach (BMI: 28,5 +7,7/26,0 +6,6/25,8 +5,4/23,7 +5,5 kg/m%
FTI: 14,4 +£9,0/14,1 =7,3/12,3 +6,8/11,6 =6,1; p <0,001). Wieksze stezenia albuminy obserwowano
w Q1 (4,10 =0,63/3,99 =0,51/3,90 +0,62/3,97 +0,78 g/dl; p = 0,006), TC byt najnizszy w Q4 (190
+60/169 =56/173 +51/153 £56 mg/dl; p = 0,002), podczas gdy stezenie hemoglobiny spadato w kole-
jnych kwartylach (11,44 +=1,25/11,15 =2,50/10,79 +1,51/10,45 +=1,67 g/dl; p = 0,0006). Réznice
w stezeniu CRP oraz parametrach zwigzanych z HD byly nieistotne statystycznie. W trakcie obserwacji
zarejestrowano 97 zgondw (11/26/21/39; p <0,0001).

WNIOSKI  NT-proBNP jest uzytecznym biomarkerem hiperwolemii u pacjentéw HD. Niemniej jednak,
jego warto$ci musza by¢ interpretowane w konteks$cie resztkowej funkcji nerek oraz stanu ukfadu
sercowo-naczyniowego pacjentéw.
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