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Abstract
Background: Hypervolemia is a major risk factor for hypertension leading to cardiovascular diseases and also a fre-
quent problem in maintenance hemodialysis (MHD) patients. Fluid overload (FO) can be determined by bioimpedance 
spectroscopy (BIS) which is a new, practical, and non-invasive method. We tried to determine FO by BIS in MHD pa-
tients and find out the relationship between FO and clinical features.
Material and Methods: We studied 100 MHD patients aged between 20 and 85 years and undergoing hemodialysis 
three times weekly for minimum one year. By using BIS, we estimated FO and extracellular water (ECW). The patients 
who exhibited a FO/ECW ratio >15% were considered as FO. 
Results: Twenty-nine (29.0%) patients had a FO/ECW ratio >15%. In the overhydrated group, the mean pre-hemodialy-
sis systolic blood pressure was 153.3 ± 20.0 mmHg and the mean diastolic blood pressure was 89.1 ± 8.5 mmHg. These 
were significantly higher than in the non-overhydrated group (113.5 ± 14.5 and 71.0 ± 8.8, p <0.001). FO was signifi-
cantly correlated with systolic and diastolic blood pressures (r =0.63, p <0.001 and r =0.59, p <0.001). The patients were 
divided into two groups, i.e. those with cardiothoracic index (CTI) of  >0.5 and those with CTI of ≤0.5. The median FO/
ECW ratio was 0.11 L in the former group and 0.08 L in the latter group with a significant difference (p =0.006). 
Conclusions: Hypervolemia is associated with high blood pressure and left ventricular hypertrophy that should be 
treated effectively to prevent cardiovascular diseases in MHD patients. BIS is useful to assess hydration status in MHD 
patients. Hippokratia 2015; 19 (4): 324-331. 
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Introduction
Cardiovascular disorders and hypertension are the 

leading causes of mortality in maintenance hemodialysis 
(MHD) patients1. Hypervolemia is a specific contributor 
to arterial hypertension among these patients. Volume 
status can be evaluated with the cardiothoracic index 
(CTI) based on telecardiography and with the diameter of 
the left atrium, the thickness of the left ventricular wall, 
and the diameter of the inferior vena cava based on tran-
sthoracic echocardiography in addition to clinical signs2. 
In recent years, bioimpedance spectroscopy (BIS) has 
attracted attention as it is easy to use, reliable and non-
invasive. This method, during which electric currents in 
low frequencies are transmitted through the human body, 
was first used in 1969 to measure the total fluid volume 
of the body. Volume and composition of the body fluids 
are determined based on conduction features of tissues. 
Tissues containing fluids and electrolytes are more con-
ductive and fluid volume of these tissues can be meas-
ured by BIS; however, fluid volume of fat tissue, bones 
and spaces containing air cannot be measured with this 

method3.
In this study, we aimed to investigate the potential 

clinical and biochemical parameters which could influ-
ence hypervolemia evaluated by BIS in maintenance 
MHD patients. The study was also directed towards 
showing that BIS, which is simple, inexpensive, non-
invasive and quick to use, could be employed in clinical 
practice.

Material and Methods 
Study population 

This is a retrospective study. It was performed on 
hemodialysis patients in a private hemodialysis (HD) 
center (Ankara Life) between 1 and 31 October in 2013. 
One hundred and thirty patients, older than 18 years of 
age and having a four-hour hemodialysis session three 
times weekly for minimum one year, were examined for 
eligibility for this study. Patients with coronary artery 
stents, implanted defibrillators and cardiac pacemakers, 
and those who underwent extremity amputation and/or 
had metal prosthesis and artificial joints were excluded. 
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Pregnancy, lactation, acute/chronic infection, malignan-
cy, severe cardiac, pulmonary or hepatic failures were 
also defined as exclusion criteria. Thirty patients were 
excluded and a total of 100 MHD patients (55 males/45 
females) were included in the study. The study protocol 
was implemented in accordance with the Declaration of 
Helsinki Protocol and approved by Ankara Numune Edu-
cation and Research Hospital Scientific Ethical Commit-
tee (approval number: 696-2013, 4/12/2013).

Study design 
We collected data about demographic features (age, 

gender, height, weight, body mass index, and body sur-
face area), clinical features (presence of diabetes, antihy-
pertensive medication use, duration of HD, systolic and 
diastolic blood pressures before and after HD, and mean 
arterial blood pressure), results of BIS (extracellular wa-
ter, total body water, excess extracellular water, fat tissue 
mass, and lean tissue mass), results of recent laboratory 
investigations (equilibrated Kt/V, URR, albumin, total 
calcium, phosphorus, parathormone, ferritin, transferrin 
saturation, C-reactive protein (CRP) and haemoglobin), 
and CTI based on telecardiography. Biochemical analy-
ses were made with the MODULAR P 800 (Roche Diag-
nostics, Mannheim, Germany) and hemogram was meas-
ured with the XE 2100 (Roche Diagnostic, Japan).

Measurements made with body composition moni-
tor (BCM) before and after dialysis in the midweek, and 
systolic and diastolic blood pressures measured with 
sphygmomanometer were used. Weight was measured 
with the same standard scale before and after HD, and 
height was measured with the same stadiometer in all the 
patients. Body mass index (BMI) was calculated by the 
following formula: Weight /Height² (kg/m²).

Body surface area (BSA) was calculated with DuBois 
formula (weight 0.425 x Height 0.725) x 0.007184 and ex-
pressed in m². Mean arterial pressure (MAP) was calcu-
lated by the following formula: diastolic blood pressure 
(DBP) + [systolic blood pressure (SBP) – DBP]/3.

CTI was based on measurements obtained with BCM 
and posterior-anterior pulmonary x-rays taken when the 
x-ray tube was 180 cm away from the chest, and the ratio 
cardiac diameter/chest diameter was used. CTI >0.5 sug-
gested cardiomegaly. 

Bioimpedance     
BCM (Fresenius Medical Care D GmbH, Germany) 

was used to perform BIS, to measure fluid status and 
body composition. We used BIS values obtained before 
dialysis in the midweek. Measurements were made when 
the patients were lying on their back with their arms and 
legs were slightly abducted. We used a total of four elec-
trodes, of which two were placed 1cm proximal to meta-
carpophalangeal joints on dorsal sides of the hands and 
two were placed 1cm proximal to metatarsophalangeal 
joints on dorsal sides of the feet. The electrodes were 
placed on the arms without venous routes used for HD. 
After data about age, weight and height were recorded, 

it took 1-4 minutes to complete BIS measurements for 
each patient. The electrodes were not removed until the 
measurements were completed. Meanwhile, the patients 
were not allowed to eat or drink. The measurements were 
made before HM in all the patients. We used in the study 
the values recorded for extracellular water (ECW), total 
body water (TBW), fluid overload (FO), lean tissue mass 
(LTM), and fat tissue mass (FTM). FO values obtained 
through BIS and the FO/ECW ratio calculated later were 
used to evaluate hydration status. In light of the litera-
ture4, a FO/ECW ratio >15% was accepted as FO. Fat 
tissue and lean tissue were evaluated with fat tissue index 
(FTI) and lean tissue index (LTI) respectively. Fat tissue 
index was calculated as fat tissue mass/height² and LTI 
was calculated as lean tissue mass/height².

Statistical analyses  
Statistical analyses were performed with the Statisti-

cal Package for Social Sciences (SPSS) version 20 (SPSS, 
Chicago, IL, USA). Distributions of variables were eval-
uated by the Kolmogorov-Smirnov test. Continuous data 
are presented as mean ± standard deviation or median and 
minimum-maximum values depending on their distribu-
tion. For two group comparisons, the Student’s t-test was 
used for variables that met parametric test conditions and 
the Mann-Whitney U-test for the others. Categorical data 
are presented as frequencies and percentages; χ2 test and 
Fisher’s exact tests were used when appropriate. Inde-
pendent predictors for overhydration and CTI >0.5 were 
determined by logistic regression analyses. Cut-off val-
ues for the independent predictors were calculated with 
ROC curve analysis and Youden’s Index. p <0.05 was ac-
cepted as significant for all statistical analyses.                                         

Results
Demographic features and laboratory results of the study 
sample and patients with FO 

The study included a total of 100 patients, of whom 
55 were male (55.0%), and 45 were female (45.0%). The 
mean age of the patients was 58.8 ± 15.1 years. Of all the 
patients included, 29 (29.0%) were found to have FO. A 
higher rate of the male patients had overhydration (79.3 
vs. 45.1, p =0.002). The patients with FO had a higher 
BMI (27.0 ± 5.2 vs. 22.5 ± 3.4,  p <0.001) (Table 1).

SBP and DBP decreased after dialysis (SBP: 132.4 ± 
20.4 vs. 109.3 ± 13.9; DBP: 80.0 ± 9.8 vs. 68.6 ± 8.6, p 
<0.001). Decreases in SBP and DBP were more remark-
able in the patients with FO (SBP: 39.8 vs. 16.3; DBP: 
18.1 vs. 8.5, p <0.001) (Figure 1a, Figure 1b). In the FO 
group, the mean pre-HD SBP was 153.3 ± 20.0 mmHg 
and the mean DBP was 89.1 ± 8.5 mmHg. They were sig-
nificantly higher than in the non-FO group (113.5 ± 14.5 
and 71.0 ± 8.8, p <0.001). FO was significantly corre-
lated with systolic and diastolic blood pressures (r =0.63, 
p < 0.001 and r =0.59, p < 0.001).

The patients with FO (n =29) had significantly higher 
ECW and total body fluid (TBF) volumes (18.1 ± 3.8 vs. 
14.7 ± 2.7 and 34.3 ± 6.7 vs. 30.1 ± 5.2 respectively; p 
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Table 1: Demographic features of the study sample that included in total 100 of whom 29 (29.0%) were found to have 
fluid overload.

Variables All population
(n=100)

FO
p

Yes (n=29) No (n=71)

Age (years) 58.81 ± 15.1 55.62  ± 16.8 61.52 ± 14.1 0.076
Sex (male) n (%) 55 (55) 23 (79.3) 32 (45.1) 0.002
Height (m) 1.61 ± 0.09 1,64 ± 0,09 1.59 ± 0.09 0.035
Weight (kg) 66.85 ± 14.7 69.66 ± 14.8 59.95 ± 12.4 0.002
BMI (kg/m2) 25.67 ± 5.1 26.97 ± 5.2 22,46 ± 3.4 0.001
Body surface area (m2) 1,73 ± 0.2 1.67 ± 0.2 1,66 ± 5.2 0.064
HD duration (year) 8 (1-31) 8 (1-31) 5 (1-28) 0.181
Diabetes mellitus n (%) 28 (28) 7 (24.1) 21 (29.6) 0.633
Antihypertensive treatment 41 (41) 14 (48.3) 27 (38.0) 0.377
Vascular accsess n (%)                  

Fistula
Catheter
Graft

86 (86) 22 (75.9) 64 (90.1)
0.09113 (13) 6 (20.7) 7 (9.9)

1 (1) 1 (3.4)
FO: fluid overload, BMI: Body mass index,  HD: hemodialysis, n: number, data are presented as mean ± standard deviation or number (per-
centage).

Figure 1: In the 29 of the total 100 maintenance hemodialysis patients, who were found to have fluid overload, the decreases 
in systolic blood pressure (SBP) and in diastolic blood pressure (DBP) after dialysis were more remarkable. 1a: SBP: 39.8 vs. 
16.3 mmHg; p <0.001. 1b: DBP:18.1 vs. 8.5 mmHg; p <0.001.

<0.001, p =0.001). These patients also had significantly 
higher lean tissue mass (54.6 ± 12.9 vs. 44.5 ± 13.1, p 
=0.001), but significantly lower fat tissue mass (28.9 ± 
10.1 vs. 38.3 ± 9.9, p =0.001). In addition, they had sig-
nificantly higher median CRP (1.10 vs. 0.67, p =0.012). 
Fifty-five percent of all the patients had CTI >0.5. A sig-

nificantly higher rate of the patients with overhydration 
had CTI >0.5 (75.9% vs. 46.5%, p=0.008). The patients 
with FO had a significantly higher FO/ECW (0.18 vs. 
0.07), ECW/TBW (0.53 ± 0.07 vs. 0.49 ± 0.06, p =0.01) 
and ECW/height (11.0 ± 2.2 vs. 9.2 ± 1.5, p <0.001). They 
also had a significantly higher ECW/BSA (10.8 ± 2.3 vs. 
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8.45 ± 1.2, p <0.001) and LTI (20.1 ± 4.9 vs. 17.3 ± 4.6, 
p =0.009). FTI was significantly lower in these patients 
(11.0 ± 4.3 vs. 34.0 ± 5,0, p <0.001) (Table 2).

Independent Variables Predictive of FO 
Risk factors found significant in the single factor 

analysis were analysed with multiple regression analysis. 

SBP (OR =1.156, p <0.001), CRP (OR =1.576, p =0.023), 
ECW/BSA (OR =3.776, p <0.001) and LTI (OR =1.110, 
p =0.021) before HD were independent risk factors which 
were predictive of FO. When effects of the risk factors 
in the multiple regression models were removed, over-
hydration was found to be affected most by ECW/BSA 
(Table 3).

Table 2: Laboratory results of the study sample that included in total 100 of whom 29 (29.0%) were found to have fluid 
overload.

Variables All population
FO

p
Yes (n=29) No (n=71)

ECW (L) 15.70 ± 3.4 18.08 ± 3.8 14.7±2.7 <0.001
TBW(L) 31.29 ± 5.9 34.29 ± 6.7 30.06 ± 5.2 0.001
FO (L) 1.43 (0.02-4.96) 3.02 (1.40-4.96) 1.12 (0.02-2.81) <0.001
Lean tissue mass (kg) 47.37 ± 13.7 54.59 ± 12.9 44.53 ± 13.1 0.001
Fat tissue mass (kg) 35.63 ± 10.8 28.85 ± 10.1 38.31 ± 9.9 0.001
Equilibrated Kt/V 1.59 ± 0.3 1.60 ± 0.3 1.58 ± 0.2 0.741
URR (%) 78.41 ± 5.6 78.32 ± 6.6 78.45 ± 5.2 0.919
Transferrin saturation 24.9 (3.9-77.1) 25.35 (12.4-77.1) 24.8 (3.9-71.9) 0.562
Hemoglobine (g/dl) 11.6 ± 1,8 11.24 ± 2.5 11.75 ± 1.4 0.190
Ferritin (ng/ml) 589 (28-2103) 530 (28-2103) 623.5 (37-1618) 0.358
Total calcium (mg/dl) 9.24 ± 0.8 9.29 ± 0.9 9.22 ± 0.8 0.702
Phosphorus (mg/dl) 5.39 ± 1.5 5.10 ± 1.2 5.50 ± 1.6 0.230
Parathormone, (ng/l) 338.25 (10.55-1852) 290 (37.16-1218.8) 356.3 (10.55-1852) 0.729
Albumin (g/dl) 4.01 ± 0.4 3.96 ± 0.4 4.03 ± 0.4 0.461
CRP (mg/dl) 0.70 (0.02-16.13) 1.10 (0.11-16.13) 0.67 (0.02-8.30) 0.012
CTI increase n (%) 55 (55) 22 (75.9) 33 (46.5) 0.008
FO/ ECW 0.093 (0-0.27) 0.18 (0.08-0.27) 0.07 (0-0.22) <0.001
ECW/TBW 0.50 ± 0.06 0.53 ± 0.07 0.49 ± 0.06 0.010
ECW/height (L/m) 9.71 ± 1.9 11.0 ± 2.2 9.2 ± 1.5 <0.001
ECW/BSA (L/m2) 9.12 ± 1.9 10.75 ± 2.3 8.45 ± 1.2 <0.001
LTI (kg/m2) 18.14 ± 4.8 20.10 ± 4.9 17.34 ± 4.6 0.009
FTI (kg/m2) 14.10 ± 5.2 11.04 ± 4.3 15.34 ± 5.0 <0.001

FO: fluid overload, ECW: extracellular water, TBW: total body water, URR: urea reduction ratio, CRP: C-reactive protein, CTI: cardiothoracic 
index, BSA: body surface area, LTI: lean tissue index, FTI: fat tissue index, n: number, data are presented as mean ± standard deviation, median 
(minimum-maximum values) or number (percentage).

Table 3:  Independent variables predictive of fluid overload. Risk factors found significant in the single factor analysis 
were analysed with multiple regression analysis and overhydration was found to be affected most by ECW/BSA (extra-
cellular water/body surface area).

Variables Univariate Multivariate
OR (95% CI) p OR (95% CI) p

Sex 4.672 (1.697-12.863) 0.003
BMI 1.253 (1.109-1.412) <0.001
Pre-HD SBP 1.116 (1.068-1.166) <0.001 1.156 (1.079-1.238) <0.001
Pre-HD DBP 1.239 (1.137-1.350) <0.001
CRP 1.195 (1.010-1.428) 0.015 1.576 (1.099-2.260) 0.023
Lean tissue 1.059 (1.021-1.098) 0.002
Fat tissue 0.914 (0.871-0.960) <0.001
ECW/TBW 1.094 (1.013-1.183) 0.023
ECW/Height 1.778 (1.318-2.398) <0.001
ECW/BSA 2.990 (1.747-5.119) <0.001 3.766 (1.879-7.548) <0.001
LTI 1.127 (1.025-1.240) 0.014 1.110 (1.020-1.180) 0.021
FTI 0.827 (0.744-0.919) <0.001

BMI: body mass index, Pre-HD: pre- hemodialysis, SBP: systolic blood pressure, DBP: diastolic blood pressure, CRP: C-reactive protein, 
ECW: extracellular water, TBW:total body water, BSA:body surface area, LTI: lean tissue index, FTI: fat tissue index, OR: odds ratio, CI: 
confidence interval.
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Demographic Features and Laboratory Results in the 
Patients with CTI >0.5 and those with CTI ≤0.5 

  The patients with CTI >0.5 (n =47) were significantly 
older than those with CTI <0.5 (63.4 ± 11.9 vs. 57.0 ± 13.2, p 
=0.01) (Table 4). SBP, DBP and MAP after HD were signifi-
cantly lower in the patients with CTI >0.5 than in those with 
CTI <0.5 [(SBP: 21.9 vs. 18.2; DBP: 13.2 vs. 10.1; MAP: 
13.4 vs. 10.1; p <0.001)] (Figure 2a, Figure 2b, Figure 2c).

Median FO was 1.63 L in the patients with CTI >0.5 and 
1.22 L in those with CTI <0.5 (p =0.017). A significantly 
higher rate of the patients with CTI >0.5 had FO (40.0% vs. 
15.6%, p =0.008). The mean FO /ECW was 0.11 L in the 
patients with CTI >0.5 and 0.08 L in those with CTI <0.5 
(p =0.006). There was not a significant difference in ECW/
TBW, ECW/height, ECW/BSA, LTI and FTI between the 
patients with CTI >0.5 and those with CTI <0.5 (Table 5).

Table 4: Demographic features in the 47 patients with cardiothoracic index >0.5 and in the 53 with cardiothoracic index ≤0.5.

Variables CTI >0.50 (n=47) CTI ≤0.50 (n=53) p

Age (years) 63.40 ± 11.9 56.95 ± 13.2  0.010
Sex (male) n (%) 34 (61.8) 21 (46.7) 0.130
Height (m) 1.62 ± 0.09 1.60 ± 0.09 0.341
Weight (kg) 67.37 ± 14.8 66.20 ± 14.7 0.868
BMI(kg/m2) 26.03 ± 5.5 25.37 ± 4.8 0.444
Body surface area (m2) 1.73 ± 0.2 1.72 ± 0.2 0.905
HD duration (year) 7 (1-31) 8 (1-23) 0.622
Diabetes mellitus n (%) 12 (21.8) 16 (35.6) 0.179
Antihypertensive treatment 23 (41.8) 18 (40.0) 0.995
Vascular accsess n (%)

Fistula
Catheter
Graft

49 (89.1) 37 (82.2) 0.245 (9.1) 8 (17.8)
1 (1.8)

CTI: cardiothoracic index, BMI: body mass index, HD: hemodialysis, n: number, data are presented as mean ± standard deviation or number 
(percentage).

Table 5: Laboratory results in the 47 patients with cardiothoracic index >0.5 and in the 53 with cardiothoracic index ≤0.5.
Variables CTI  >0.50 (n=47) CTI  ≤0.50 (n=53) p

ECW(L) 15.84 ± 3.4 15.50 ± 3.4 0.618
TBW (L) 31.36 ± 6.3 31.20 ± 5.6 0.897
FO (L) 1.63 (0.27-4.96) 1.22 (0.02-4.66)  0.017
Lean tissue (kg) 49.54 ± 12.4 44.55 ± 14.8 0.069
Fat tissue (kg) 34.35 ± 9.9 37.32 ± 11.7 0.173
Equilibrated Kt/V 1.58 ± 0.3 1.60 ± 0.3 0.813
URR (%) 78.25 ± 5.4 78.61 ± 5.9 0.754
Transferrin saturation 23.65 (3.89-77.09) 27.47 (6.04-59.22) 0.406
Hemoglobine (g/dl) 11.64 ± 1.65 11.55 ± 2.1 0.805
Ferritin (ng/ml) 570 (28-2103) 596 (37-1555) 0.304
Total calcium (mg/dl) 9.40 ± 0.8 9.34 ± 0.8 0.132
Phosphorus (mg/dl) 5.37 ± 1.5 5.40 ± 1.6 0.932
Parathormone (ng/l) 404.9 (10.55-1218) 273.86 (48.74-1852.4) 0.220
Albumin (g/dl) 3.98 ± 0,4 4.04 ± 0.4 0.460
CRP (mg/dl) 0.89 (0.02-16.13) 0.61 (0.02-6.11) 0.211
Overhydration n (%) 22 (40.0) 7 (15.6)  0.008
FO / ECW 0.11(0-0.16) 0.08(0-0.21)  0.006
ECW/TBW 0.51 ± 0.07 0.49 ± 0.05 0.319
ECW/Boy (L/m) 9.76 ± 1.9 9.66 ± 1.9 0.803
ECW/BSA (L/m2) 9.21 ± 1.9 9.00 ± 1.9 0602
LTI (kg/m2) 18.82 ± 4.2 17.31 ± 5.5 0.124
FTI (kg/m2) 13.42 ± 4.78 14.91 ± 5.6 0.155

CTI: cardiothoracic index, ECW: extracellular water, TBW: total body water, FO: fluid overload, URR: urea reduction ratio, CRP: C-reactive 
protein; BSA: body surface area, LTI: lean tissue index, FTI: fat tissue index, n: number, data are presented as mean ± standard deviation, 
median (minimum-maximum values) or number (percentage).
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Table 6: Independent risk factors predictive of cardiothoracic index >0.5. When effects of the risk factors are removed 
in the multiple regression model, the patients with fluid overload are found to be 4.340 times more likely to have cardi-
othoracic index >0.5 than those without.

Variables Univariate Multivariate
OR (95% CI) p OR (95% CI) p

Age 1.043 (1.010-1.079) 0.013 1.056 (1.012-1.102) 0.011
Pre-HD SBP 1.052 (1.024-1.080) <0.001 1.041 (1.012-1.072) 0.006
Pre-HD DBP 1.103 (1.047-1.163) <0.001
Pre-HD MAP 1.114 (1.054-1.177) <0.001 1.081 (1.016-1.149) 0.013
Overhydration amount 1.609 (1.096-2.362) 0.015
Overhydration presence 3.619 (1.372-9.547) 0.009 4.340 (1.559-12.084) 0.015
FO/ ECW 1.108 (1.032-1.190) 0.005

Pre-HD: pre-hemodialysis, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: Mean arterial pressure, FO: fluid overload, 
ECW: extracellular water; OR: odds ratio, CI: confidence interval.

Independent Risk Factors Predictive of CTI >0.5 
Multiple regression analysis of the risk factors found to 

be significant in the single factor logistic regression analysis 
was made. Age (OR =1.056, p =0.011) was predictive of 
CTI >0.5. FO (OR =4.340, p =0.015) and SBP (OR =1.041, 
p =0.006) and MAP before HM (OR =1.081, p =0.013) were 
also predictive of CTI >0.5. When effects of the risk factors 
in the multiple regression model were removed, the patients 
with FO were found to be 4.340 times more likely to have 
CTI >0.5 than those without FO (Table 6).

Discussion            
In MHD patients it is of great importance to reduce vol-

ume loads and to achieve dry weight, in order to prevent 
cardiovascular complications. Dry weight is defined as the 
lowest weight which can be tolerated without development 
of hypovolemia symptoms during dialysis in HD patients5. 
Many studies have shown that dry weight, one of the most 
important indicators of sufficiency of HD, causes a consid-
erable decrease in morbidity and mortality6,7. Ozdoğan et al 
in their study found that an interdialytic weight gain of 1% 
increases mortality by 22%. This underlines the importance 
of volume control in HD patients8. However, draining ex-

Figure 2: In the 47 of the total 100 maintenance hemodialysis patients, who were found to have cardiothoracic index 
(CTI) >0.5, the decreases in systolic blood pressure (SBP), diastolic blood pressure (DBP) and in mean arterial pressure 
(MAP) after dialysis were more remarkable. 2a: SBP: 21.9 vs. 18.2 mmHg; p <0.001. 2b: DBP: 13.2 vs. 10.1 mmHg; p 
<0.001. 2c: MAP: 13.4 vs. 10.1 mmHg; p <0.001.

cess fluid leads to intradialytic and postdialytic complica-
tions and provokes acute ischemic events, which may cause 
organ damage9,10. Shoji et al in their two-year study on 1244 
HD patients found that hypotension increased significantly 
the mortality in these patients11. Therefore, reliable methods 
which can determine volume status easily and accurately, 
are needed. At present, although dry weight is mostly de-
termined based on clinical assessment, several other pa-
rameters can also be used. Measuring the diameter of the 
vena cava on echocardiography, monitoring relative blood 
volume, performing ultrasonography of the chest for pul-
monary congestion and measuring atrial natriuretic peptide, 
cGMP, serum sodium, haematocrit, albumin, and renin-
aldosterone concentrations can show differences in volume 
loads. However, the results of these tests can be misleading 
in the presence of cardiac valve disease, congestive heart 
disease, anaemia, and malnutrition. Moreover, some of the 
above methods are quite expensive and can be performed in 
few health centers. Another disadvantage is their inability to 
show overhydration quantitatively12. In recent years, in ad-
dition to clinical parameters which allow sensitive and ob-
jective evaluations, BIS has been extensively studied. This 
method allows determining features of hydration and fluid 
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composition of the body by transmitting alternating currents 
in different frequencies through the body, by using conduc-
tive features of tissues and depending on decreases in volt-
ages3. Cells act as an insulator and prevent conduction of 
currents at low frequencies, which shows ECW. However, 
they become conductive under the influence of currents at 
high frequencies, which can be transmitted in intracellular 
and extracellular fluids, which shows TBW. FO, i.e. excess 
extracellular water, is determined by comparing extracellu-
lar fluid volumes from patients with reference values from 
healthy controls13. In studies on HM patients, it was con-
cluded that bioelectrical impedance analysis can be consid-
ered an objective criterion for maintaining dry weight and 
keeping blood pressure under control14,15. Wizemann et al in 
a study followed 269 HM patients for 3.5 years and made 
measurements with BCM. The researchers considered 15% 
as the cut-off value of FO/ECW ratio and found that mor-
tality was remarkably high in hypervolemic patients when 
the cut-off value was over 15%4.  In the present study, the 
patients with FO/ECW ratio >0.15 were considered hyper-
volemic, and 29% of the study sample were found to have 
FO. 

Consistent with the literature, this study revealed that 
SBP, DBP and MAP were higher in the patients with hy-
pervolemia determined with BIS than in those without 
hypervolemia. In addition, a significantly higher rate of 
the patients with hypervolemia had high CTI, indicator 
of left ventricular hypertrophy (LVH). This suggested 
that measurements with BIS were correlated with clinical 
findings and that BIS is a reliable method.

However, Maduell et al reported that BCM was not 
sensitive enough to show excess fluid less than three li-
tres16. Since the patients in this study were assigned to 
the groups based on FO/ECO ratio, i.e. those with FO/
ECW >15% and those with FO/ECW <15%, whether the 
quantity of the volume load affected the sensitivity of the 
method could not be evaluated.

  In several studies, ECW/BSA has been used in nor-
malization of FO measured with BIS17. In this study, 
ECW/BSA was found to be related to FO/ECW. This sug-
gested that both ECW/BSA and FO/ECW could be used 
in normalization of BIS values. Liu et al started a study 
in 2012 and planned to include more than 1300 patients 
in 16 centers, to compare fluid management guided by 
BCM with that based on clinical findings, mortality and 
frequencies of cardiovascular and cerebrovascular events. 
The results of this comprehensive study have yet to be re-
ported and will undoubtedly shed light on the issue18. 

The most frequent cardiovascular diseases are hy-
pertension and resultant LVH. Chen et al in their study 
found that ECW was higher in hypertensive patients than 
in normotensive patients. They concluded that decreased 
ECW caused blood volume to retur n to normal in these pa-
tients19. Machek et al categorized patients into two groups, 
that is, those with FO/ECW >15% and those with FO/ECW 
≤15%. They adjusted the volume so that FO/ECW would 
be 5-15% for one year. At the end of this one year in their 
study, blood pressure returned to normal in the patients 

with FO and their need for antihypertensive treatment de-
creased, and intradialytic complications disappeared after 
normal fluid volume was achieved in the patients with low 
hydration20. Ozkahya et al reported that rigorous control of 
fluid volume and restriction of sodium in oral diet reduced 
interdialytic weight gain, blood pressure, and the need for 
antihypertensive treatment. This allowed achieving desir-
able blood pressure results with HM alone without antihy-
pertensive treatment21. Moissl et al in their study lasting 
for three months showed that fluid management guided by 
BIS brought about considerable improvements in blood 
pressures in HM patients. They reported that as the fluid 
volume decreased by 1 lt, predialysis SBP decreased by 9.9 
mmHg14. Compatible with the literature, the present study 
showed that reductions in systolic and diastolic blood pres-
sures after HD were more remarkable in the patients with 
hypervolemia, but that MAP did not differ. 

LVH increases cardiovascular morbidity and mortal-
ity, and many studies have indicated a relation between 
regression of LVH and decreased mortality. Consider-
ing that mortality in patients with end-stage renal failure 
is 10-20 times higher than in the general population, re-
gression of LVH becomes more important22. In a study by 
Ozkahya et al on HD patients, LVH was evaluated based 
on echocardiographic findings and CTI. It was shown to 
regress with restriction of salt and ultrafiltration without 
antihypertensive treatment23. In addition, Hür et al showed 
that evaluation of volume loads with BIS provided a bet-
ter fluid management, which caused a decrease in blood 
pressure, in turn resulting in regression of LVH24. Con-
sistent with the literature, the present study revealed that 
age, SBP, DBP, MAP, presence and degree of FO and FO/
ECW before HD independently affected LVH. In a study 
by Seibert et al, blood pressure decreased, and LVH re-
gressed in the patients undergoing HD in accordance with 
their dry weight based on BIS25. Since the present study 
did not have a prospective design, the relation between 
decreased volume load due to HD and CTI could not be 
investigated. However, the relation between hypervolemia 
and hypertension, and LVH in HD patients was revealed 
clearly. The obtained findings showed that presence of FO 
and SBP before HD were predictors of LVH. 

Consistent with the results of a study reported in the litera-
ture26, the present study showed hypervolemia at a higher rate 
among males. However, further studies with larger samples 
are needed to confirm the effect of gender on hypervolemia. 
In addition, a significantly higher rate of the patients with 
higher BMI had hypervolemia. In a similar study by Resic 
et al, hypervolemia was found to be more frequent in the pa-
tients with higher BMI, though it was not significant27.

It is known that chronic kidney disease (CKD) is an 
inflammatory process and becomes more marked due to 
extracorporeal circulation and contribution of the mem-
brane in patients on HD28. Several studies have revealed 
higher levels of CRP, an indicator of inflammation, in 
patients with CKD and those on dialysis than in the gen-
eral population29,30. However, the relation between FO 
and CRP is not clear yet. In the current study, CRP lev-
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els were higher in the patients with overhydration than in 
those without FO and CRP on its own was found to be an 
effective risk factor in overhydration. A study by Ortega 
et al indicated that brain natriuretic peptide can be associ-
ated with CRP before dialysis31. Also, Garagarza et al in 
a study on 75 HD patients showed similar results to the 
present study32 The current study revealed a relation be-
tween increased CRP and FO. It can be suggested that FO 
can contribute to mortality through increased inflamma-
tion in addition to hypertension and SBP in HD patients.

We found that volume status of HD patients could be 
determined with BIS. This method can be used routinely 
to show volume status of HD patients in the future. Since 
the study had a cross-sectional design, it was not possible to 
evaluate long-term effects of overhydration and strict vol-
ume control on the cardiovascular system. Therefore, further 
studies likely to reveal their long-term effects are required.
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