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1)

Introduction

Cardiovascular diseases are the most life-threatening

complications in patients with end-stage renal failure and

their incidence is 30 times as common as that of subjects

with normal renal functions
1, 2)

. Left ventricular hyper-

trophy occurs in 75% of patients with end-stage renal fail-

ure, congestive heart failure in 40% and coronary artery
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disease in greater than 40%. Thus, the Kidney Disease

Outcome Quality Initiatives (K/DOQI) guidelines recom-

mend that regular ultrasonography should be performed in

asymptomatic patients with end-stage renal failure
3)
. How-

ever, since ultrasonography is expensive and requires the

experienced medical professional personnel, N-terminal

pro-brain natriuretic peptide (NT-proBNP) which is in-

expensive and easy has been extensively studied. NT-pro

BNP is a neurohormone secreted to the ventricle in

response to the volume or pressure of the ventricle. Based

on the studies that indicate that NT-proBNP increases in

plasma in the cases of decreased ventricular function
4, 5)

,

NT-proBNP has been used as a clinical marker for diagno-
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This study inquired the relationship between serum N-terminal pro-brain natriuretic peptide (NT-proBNP)

levels and left ventricular (LV) dysfunction and extracellular water in continuous ambulatory peritoneal

dialysis (CAPD) patients. We conducted a cross-sectional study of 30 CAPD patients. Each patient was

admitted to the department of internal medicine, Chosun University Hospital between February and October,

2006. Echocardiography was performed using HDI 5000, allowing M-mode, two-dimensional measurement.

A multifrequency bioimpedance analyzer was used; extracellular water was calculated as a percentage of

total body water and was understood as the index of volume load of CAPD patients. The mean age was

47±12 years. Underlying causes of renal failure were 14 with diabetes mellitus, 7 with hypertension, and

9 with chronic glomerulonephritis. The mean serum NT-proBNP level was 14236.56 (83-35,000) pg/mL.

LV mass index and LV ejection fraction were 151.67±42.5 g/m
2
and 57.48±12.9%, respectively. The mean

extracellular water was 35.97±1.04%. Serum NT-proBNP levels correlated positively with LV mass index

(r=0.768, p=0.01) and extracellular water (r=0.866, p=0.01) and negatively with LV ejection fraction (r=

-0.808, p=0.01). Serum NT-proBNP levels significantly correlated with LV mass index, LV ejection fraction,

and extracellular water. Therefore, serum NT-proBNP levels can be a clinical predictive marker for LV

hypertrophy, LV dysfunction, and volume status in CAPD patients.
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sis, severity, and prognosis. It has been reported that a

close relationship exists between BNP concentrations and

the diagnosis, prognosis, and severity of cardiac failure
6)
.

DeFilippi et al.
7)
reported a significant relationship between

BNP concentrations and left ventricular hypertrophy and

ischemic heart disease in patients with chronic renal failure

who did not receive hemodialysis. The serum level of

NT-proBNP increases according to the amount of decrease

in renal functions in patients with chronic renal failure,

but it represents functional disturbance and hypertrophy

of the left ventricle (LV)
8)
. Zoccali et al.

9)
suggested that

the serum BNP level can be used as a valuable marker

for a screening test of cardiovascular disease in patients

on hemodialysis and without heart disease.

Clinical implications of the serum NT-proBNP level in

patients on peritoneal dialysis have not yet been eluci-

dated. This study was conducted to measure the serum

NT-proBNP level, amount of extracellular fluid, LV ejec-

tion fraction (LVEF) and LV mass index (LVMI) in order

to investigate their relationship and to determine whether

NT-proBNP can be used as a predictive marker of heart

disease such as left ventricular dysfunction in patients with

renal failure on continuous peritoneal dialysis on an

outpatient basis.

Materials and Methods

1. Patients

This single-center cross-sectional study included pa-

tients with end-stage renal failure who received conti-

nuous ambulatory peritoneal dialysis (CAPD) for greater

than 1 year on an outpatient basis between February and

October of 2006. The research data were obtained from

patients who hadn't had peritonitis within the last 30 days

and were steadily receiving 8 L of peritoneal dialysis a

day (2 L, 4 times). Patients with acute ischemic heart

disease, atrial fibrillation, or moderate or higher degree of

valvular heart disease were excluded from this study. A

total of 30 patients were enrolled in this study. There were

19 males (63.3%) and 11 females (36.7%), and the mean

age was 47±12 years. The underlying diseases of renal

failure were diabetes mellitus (n=14, 46.7%), hypertension

(n=7, 23.3%) and glomerulonephritis (n=9, 30%).

2. Evaluation parameters

All dialysate and urine were collected in the 24 hour

time period, from the morning before the test to the actual

morning. After all peritoneal dialysate were drained, blood

tests, and bioimpedance analysis were done.

The serum NT-proBNP was measured by electrochem

iluminescence immunoassay (Rocher Diagnostics, India-

napolis, IN, USA) with blood samples collected from fast-

ing patients who were stabilized in a supine position for

30 minutes. LVEF, ventricular wall motion abnormality,

interventricular septal thickness, ventricular posterior wall

thickness, and LV diameter at end-diastole were measured

using an M-mode, 2-dimensional cardiac sonograph (HDI

5000, Phillips, Bothell, WA, USA) and LV mass was cal-

culated from the equation proposed by Devereux
10)
:

LV mass (g)=1.04×[(IVSd+LVPWd+LVID)
3

LVIDd
3
]

13.6.

Where IVSd (cm) is the thickness of interventricular

septum, LVIDd (cm) is LV internal diameter, and LVPWd

(cm) is the thickness of LV posterior wall.

LVMI was obtained by dividing LV mass by the body

surface area. Resistance and impedance were measured by

a total of 8 electrodes which were attached to both thumbs,

both palms, both anterior portions of the soles of the feet

and both posterior portions of the soles of the feet using

a multifrequency bioimpedance analyzer (X-scan plus ,

Jawon Medical, Gyeongsan, Korea).

Resistance and impedance measured between 1 KHz and

1 MKHz were applied in the following equation:

arm (A) RIA = arm length (cm)²/RA(O)

leg (L) RIL = leg length (cm)²/RL(O)

trunk (T) RIT = trunk height (cm)²/RT(O)

Whole body (sum)

RIsum=total body height(cm)²/RRA(O)+RLA(O)+ RT(O)+

RRL(O)+RLL(O)

These measurements were converted into percentages

relative to total body water, intracellular water %, and

extracellular water % (ECW%) by the Lukaski formula
11)

using bioimpedance analysis software.
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3. Statistical analysis

All descriptive data were expressed as mean±SD and

percentage. Statistical analyses were performed using

SPSS for Windows 12.0. A p value of <0.05 was consi-

dered statistically significant. Although the serum level of

NT-proBNP did not show a normal distribution, the level

of logarithmically transformed NT-proBNP was found to

have a normal distribution which was expressed as a me-

dian. The correlations between the serum NT-proBNP le-

vel and the aforementioned variables were determined

using the Spearman’s correlation analysis.

Results

1. Clinical parameters of patients

In a total of 30 patients with renal failure, the average

age was 47 (range, 35-59) years old, and the proportion

of gender was 19 male and 11 female. The cause of renal

failure was diabetes mellitus in 14 patients (46.7%), hyper-

tension in 7 patients (23.3%), and glomerular disease in

9 patients (30%). There were no patients taking special

medicine and diuretics were not given to any of the pa-

tients. Average duration of CAPD was 57 years (17-84)

and the occurrence rate for peritonitis was 2.3 times (0-

4). The body mass index (BMI) was on average 24.5 kg/m
2

(range, 19.6-28.5 kg/m
2
), ECW% 35.97% (range, 34.93-

37.6%), LVMI 151.67 g/m
2
(range, 85.3-273.0 g/m

2
), and

LVEF 57.48% (range, 33-83%). Laboratory tests revealed

hemoglobin 10.3 g/dL (range, 8.4-13.7 g/dL); albumin 3.2

g/dL (range, 2.9-3.9 g/dL); calcium 7.73 mg/dL (6.38-

10.41 mg/dL); phosphate, 4.76 mg/dL (range, 2.4-7.5 mg/

dL); C-reactive protein (CRP), 0.82 mg/dL (range, 0.32-

2.38 mg/dL); blood urea nitrogen (BUN), 67.4 mg/dL

(range, 35.4-105.1 mg/dL); creatinine, 6.6 mg/dL (range,

3.4-11.3 mg/dL); NT-proBNP, 14,236.56 pg/mL (range,

83-35,000 pg/mL), and weekly total Kt/Vurea 1.956 (range,

1.536-2.376) (Table 1).

The total volume, urea, and the creatinine level of the

peritoneal dialysis fluid and urine that were drained within

the 24 hour period were examined. Weekly total Kt/V was

calculated according to the following method.

Weekly total Kt/V= daily Kt/V×7

Daily total Kt/V= (Kpt+Krt)/V

(Kpt: peritoneal clearance, Krt: residual renal clearance,

V: total volume)

2. Classification of patients according of the serum

NT-proBNP level

Patients were divided into 3 groups: group 1 with a

range of 1-1000 pg/mL (n=6), group 2 with a range of

1,001-10,000 pg/mL (n=12), and group 3 with a range of

10,001-35,000 pg/mL (n=12). In group 1, the median was

296.8 pg/mL, the minimum was 83.15 pg/mL and the

maximum was 516.3 pg/mL. In group 2, the median was

4,688.1 pg/mL, the minimum was 1,585 pg/mL and the

maximum was 6,579 pg/mL. In group 3, the median was

29,175.3 pg/mL, the minimum was 12,621 pg/mL and the

maximum was 35,000 pg/mL. In this study, patients were

not classified according to age, sex, presence of diabetes

mellitus or duration of peritoneal dialysis. Group 3 show-

ed the highest LVMI, the highest ECW%, and the lowest

LVEF. However, there were no significant differences in

total Kt/V, BMI, CRP, or sex among the 3 groups. The

Table 1. Baseline Characteristics of Patients

Variables Results

Age (year)

Gender (male/female)

Underlying disease

Diabetes mellitus

Hypertension

Glomerulonephritis

Duration of CAPD (year)

Frequency of peritonitis (times)

Body mass index (kg/m
2
)

Hemoglobin (g/dL)

Albumin (g/dL)

Calcium (mg/dL)

Phosphate (mg/dL)

CRP (mg/dL)

BUN (mg/dL)

Creatinine (mg/dL)

NT-proBNP (pg/mL)

Ejection Fraction (%)

Extracellular water (%)

Left ventricular mass index (g/m
2
)

Weekly total Kt/Vurea

47 (35-59)

19/11

14

7

9

5.7 (1.7-8.4)

2.3 (0-4)

24.5 (19.6-28.5)

10.3 (8.4-13.7)

3.2 (2.9-3.9)

7.73 (6.38-10.41)

4.76 (2.4-7.5)

0.82 (0.32-2.38)

67.4 (35.4-105.1)

6.6 (3.4-11.3)

14,236.56 (83-35,000)

57.48 (33-83)

35.97 (34.93-37.6)

1,151.67 (85.3-273)

1.956 (1.536-2.376)

CAPD, Continuous ambulatory peritoneal dialysis; CRP, C-
reactive protein; BUN, Blood urea nitrogen; NT-proBNP, N
-terminal pro-brain natriuretic peptide
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three groups were examined using the Kruskal-Wallis test

(Table 2).

3. Correlations between the serum NT-proBNP level

and LVMI, LVEF or ECW%

There was a positive correlation between the serum

NT-proBNP level and either LVMI or ECW% (r=0.854,

p=0.01; and r=0.857, p=0.01, respectively) (Fig. 1 and 3).

The serum NT-proBNP level was negatively correlated

with LVEF (r= -0.835, p=0.01) (Fig. 2). In this study,

according to the criteria proposed by Framingham
12)
, left

ventricular hypertroply was defined as LVMI 131 g/m
2

in males and 100 g/m
2
in females, and normal LVEF

Table 2. Comparison according to Serum NT-proBNP
Tertiles

1st tertile
(n=6)

2nd tertile
(n=12)

3rd tertile
(n=12)

NT-proBNP (pg/mL)

LV mass index (g/m
2
)

Ejection Fraction (%)

Extracellular water (%)

Total Kt/V

BMI

CRP

Male : Female

296.79

(±157.51)

107.14

(±12.33)

74.4

(±7.02)

34.42

(±0.37)

2.2260

(±0.512)

24.26

(±3.09)

0.472

(±0.264)

3 : 3

4688.08

(±1784.642)

134.44

(±26.60)

60.25

(±6.59)

35.74

(±0.63)

1.923

(±0.406)

24.14

(±2.11)

0.621

(±0.593)

8 : 4

29175.20

(±9030)

187.44

(±34.96)

47.67

(±10.95)

36.86

(±0.53)

1.876

(±0.383)

24.96

(±1.62)

0.709

(±0.716)

8 : 4

NT-proBNP, N-terminal pro-brain natriuretic peptide; LV
mass index, Left ventricular mass index; BMI, Body mass
index; CRP, C-reactive protein; BUN, Blood urea nitrogen.
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Fig. 2 Correlation between logarithmically transformed values of

N-terminal pro-brain natriuretic peptide (Ln[NT-pro BNP]) and

ejection fraction (EF) (r= -0.835, p=0.01).
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Fig. 3. Correlation between logarithmically transformed values

of N-terminal pro-brain natriuretic peptide (Ln[NT-pro BNP])

and extracellular water (ECW) (r=0.857, p=0.01).
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Fig. 1. Correlation between logarithmically transformed values

of N-terminal pro-brain natriuretic peptide (Ln[NT-proBNP])

and left ventricular mass index (LVMI) (r=0.854, p=0.01)
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was defined as 56%. Eighty-three percent of the 30 patients

showed left ventricular hypertrophy and 70% functional

disturbance of the left ventricle.

The serum NT-proBNP level tended to increase as

LVMI and ECW% increased in patients with renal failure

who underwent continuous peritoneal dialysis on an out-

patient basis. Conversely, the serum NT-proBNP level

tended to decrease as LVEF increased (Table 2).

Discussion

The main causes of death in patients with end-stage

renal failure are cardiovascular diseases which are more

prevalent in such patients than in normal subjects pri-

marily due to excessive body water and hypertension.

Stoddard et al.
13)

have reported that left ventricular hyper-

trophy is the most common finding and a clinical marker

predictive of poor prognosis. The causes of a decrease in

left ventricular contraction and cardiac failure include

hypertension, arteriosclerosis, pressure load due to aortic

stenosis, arteriovenous aneurysm, sodium retention and

excessive body water load, among which excessive body

water load is the main cause
14)
. Thus, in this study, in order

to determine the prognosis of patients with end-stage renal

failure, left ventricular hypertrophy, left ventricular failure,

and excessive body water load were evaluated, and the

serum NT-proBNP level was measured to determine

whether the serum NT-proBNP can be used as a prognostic

factor predictive of left ventricular hypertrophy and left

ventricular failure.

ProBNP consists of 108 amino acids and is secreted by

cardiac muscle cells of the atrium and ventricle but mainly

by the left ventricle
5)
. When it enters blood vessels, it

dissolves into inactive NT-proBNP, which consists of 76

amino acids and active BNP containing 32 amino acids.

Since NT-proBNP has a longer half life and is more stable

in plasma or serum than BNP, it is more useful in clinical

settings. Bay et al.
5)

have reported that the serum NT-

proBNP level is a single factor predictive of left ventricular

failure at initial evaluation. In addition, many studies have

indicated that the serum NT-proBNP level can be a pre-

dictor of cardiac failure in normal subjects
4, 7)

. Based on

such studies, the serum NT-proBNP has been used as a

valuable marker for the diagnosis, prognosis, and evalu-

ation of treatment outcome of left ventricular failure.

Choi et al.
8)
have demonstrated that although the serum

NT-proBNP level increases as renal functions decreases,

it shows a significant correlation with left ventricular

hypertrophy and systolic/diastolic disorders and that analy-

sis using the receiver operating characteristic curve reveals

an AUC value of 0.76-0.84 which has the potential to

predict and screen left ventricular hypertrophy and func-

tional disturbance. DeFilippi et al.
7)
have documented that

an increase in the serum NT-proBNP level can be a

predictive factor of cardiac disease in asymptomatic pa-

tients with chronic renal disease.

A previous study on the correlation between the serum

NT-proBNP level and cardiac functions in patients on

hemodialysis have suggested that the serum NT-proBNP

level can be used as a marker for screening cardiovascular

disease in patients without symptoms of cardiovascular

disease
9)
. Although many studies have reported that the

serum NT-proBNP level has clinical implications in pre-

dicting cardiac disease in patients with chronic renal fail-

ure or those on hemodialysis, there have been few studies

on the clinical implications of the serum NT-proBNP level

in those on peritoneal dialysis. Thus, this study was con-

ducted to determine the usefulness of the serum NT-

proBNP level in predicting cardiac disease in patients on

peritoneal dialysis. As shown in this study, patients on

peritoneal dialysis showed a higher NT-proBNP level than

normal subjects, which may be attributed to a delay in

hormone secretion due to a decrease in renal function, an

increase in the volume of the left ventricle due to a long-

term excess state of body water, left ventricular hypertro-

phy due to pressure load, and a high prevalence of ischemic

heart disease and congestive heart failure
8, 14)

. Since pa-

tients on peritoneal dialysis are in a persistent state of ex-

cess body water with resultant edema, left ventricular hy-

pertrophy and congestive heat failure, the potential for left

ventricular hypertrophy in such patients can be predicted

by measuring ECW% which represents the state of excess

body water. There have been many studies on the cor-
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relation between the serum NT-proBNP and body water

load. Naganuma et al.
15)

have demonstrated that in patients

on hemodialysis, the serum NT-proBNP level is related

to changes in body weight and that since the serum

NT-proBNP level is lower after hemodialysis than before

hemodialysis, the serum NT-proBNP is related to the state

of body water. Nishikimi et al.
16)

have reported that when

they measured plasma BNP levels on Monday, Wednesday,

and Friday before and after hemodialysis in 28 consecutive

patients who underwent hemodialysis three times weekly,

the plasma BNP level did not change after hemodialysis

on Monday, but the plasma BNP level significantly

decreased after hemodialysis on Wednesday and Friday,

suggesting that the plasma BNP levels before and after

hemodialysis in patients with chronic renal failure directly

correlate with the degree of body fluid retention. Fagugli

et al.
17)

reported in a bioimpedance study for the mea-

surement of ECW% that although patients were on hemo-

dialysis, there was no significant difference in the serum

NT-proBNP level before and after hemodialysis and that

there was a positive correlation between the serum NT-

proBNP level and the degree of retention of body water.

The reason for this may be that the heart increases in

volume and stretches due to body water overload, which

induces secretion of NT-proBNP from cardiac muscle cells

of the atrium and ventricle
18)
. In addition, it has been

reported that since the serum NT-proBNP level represents

the heart state before and after body water load in patients

on hemodialysis, it can be used as a guideline for the

prevention of cardiac disease in such patients
19)
.

Lee et al.
20)

have demonstrated that LVMI significantly

increases and LVEF significantly decreases as the serum

NT-proBNP level increases in patients on peritoneal

dialysis, but that ECW% does not change. In this study,

as the serum NT-proBNP level increased in patients on

continuous peritoneal dialysis on an outpatient basis,

LVMI significantly increased and LVEF significantly

decreased, suggesting that the serum NT-proBNP level

represents left ventricular hypertrophy and functional

disturbance, which was consistent with the results of Lee

et al.
20)

In contrast to the results of Lee et al.
20)
, as the

serum NT-proBNP level increased, ECW% significantly

increased, suggesting that the NT-proBNP level represents

the excess state of body water in patients on peritoneal

dialysis. When long-term body water overload persists in

patients on continuous peritoneal dialysis, left ventricular

hypertrophy develops, left ventricular functions decrease,

and cardiac muscle cells stretch with a resultant increase

in secretion of NT-proBNP. This increase in the serum

NT-proBNP level may lead to an increase in LVMI and

a decrease in LVEF.

In conclusion, the results of this study suggest that the

serum NT-proBNP level can be used as a valuable marker

predictive of left ventricular hypertrophy, ventricular

contraction, and ECW% in patients on continuous peri-

toneal dialysis on an outpatient basis. Our results impli-

cate the serum NT-proBNP level as a non-invasive me-

thod for screening cardiac disease and predicting their

prognosis in patients with end-stage renal failure who are

on peritoneal dialysis. Further studies with a larger sample

size and with normal controls are needed to confirm our

results.
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