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Renal/Extracorporeal Blood Treatment

Monitoring Volume Status Using Bioelectrical Impedance
Analysis in Chronic Hemodialysis Patients

CHAE RiM KiM, JUNG-HO SHIN, JIN HO HwANG, AND Su HYuN Kim

Fluid overload can be an independent risk factor of cardio-
vascular events and all-cause death in end-stage renal disease
(ESRD) patients on chronic hemodialysis. We performed a ret-
rospective study to investigate whether intermittent control
of fluid status decreases the rate of these complications using
bioelectrical impedance analysis (BIA). In ESRD patients on
chronic hemodialysis, we identified the ratio of extracellular
water to total body water (ECW/TBW) every 6 months using
InBody S10 (Biospace, Seoul, Korea), which was measured
within 30 minutes after dialysis initiation on the first dialysis
day of the week. The uncontrolled group included 57 (40.1%)
patients with all ECW/TBW measurements 20.40; in contrast,
the controlled group included 85 (59.9 %) with any measured
ECW/TBW <0.40. Included patients were followed for 29
(12-42) months. The risk of cardiovascular events was higher
in the uncontrolled group (hazard ratio [HR], 2.4; 95% con-
fidence interval [CI], 1.2-5.1; p < 0.05) than it was in the
controlled group; however, this difference disappeared after
adjusting for age, sex, and Charlson comorbidity index (not
significant). On the other hand, the patients in the uncon-
trolled group had a higher risk of all-cause death than did
those in the controlled group, independent of age, sex, and
Charlson comorbidity index (HR, 4.7; 95% Cl, 1.4-16.1; p
< 0.05). In conclusion, monitoring volume status using BIA
may help to predict all-cause death in chronic hemodialysis
patients. Further controlled studies are needed to confirm
that strict volume control could reduce the rates of cardiovas-
cular events and mortality in this population. ASAIO Journal
2017; XX:00-00.
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Volume overload is a critical risk factor for morbidity and
mortality in end-stage renal disease (ESRD) patients on chronic
hemodialysis (CHD).! Fluid retention causes various problems,
including hypertension, pulmonary edema, and heart failure.?
All of these side effects of fluid retention can contribute to
cardiovascular and all-cause death.?* Therefore, maintaining
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appropriate volume status (by maintaining an appropriate dry
weight) is critical to avoid such complications. Previous studies
have found that strict control of dry weight can reduce pulse
pressure and blood pressure (BP) by reducing end-diastolic
cardiac pressure and limiting ventricular remodeling.** Even-
tually, dry weight maintenance control could help to prevent
cardiovascular events and all-cause death.°

It is critical to have the ability to precisely measure the vol-
ume status to maintain an adequate dry weight. Clinical assess-
ments, including monitoring of BP, body weight, and jugular
venous pressure, are frequently used as markers of volume sta-
tus, but have poor sensitivity.” Several studies have attempted to
characterize more practical and objective techniques to assess
volume status.®'° Bioelectrical impedance analysis (BIA) is one
promising tool. Bioelectrical impedance analysis quantifies the
human body composition. From this measurement, the ratio
of extracellular water to total body water (ECW/TBW) can be
calculated. The ECW/TBW has been purposed as an index of
volume status in hemodialysis patients because excess volume
primarily accumulates in the ECW."" Prior studies have found
that volume overload, as assessed by BIA, is associated with
high BP and decreased overall survival in ESRD patients on
maintenance hemodialysis.'>'* However, those studies only
analyzed the single BIA results. No prior studies have inves-
tigated the impact of chronic volume overload on outcomes
using longitudinal BIA data.

This retrospective study analyzed the longitudinal data
obtained from BIA in ESRD patients on CHD. We hypothesized
that patients whose volume status was controlled, even inter-
mittently, would have better clinical outcomes compared with
those whose volume status was persistently overloaded. Thus,
we sought to determine the impacts of chronic fluid overload
on BP, cardiovascular events, and all-cause mortality by com-
paring patients with sustained high ECW/TBW to those with
intermittently controlled ECW/TBW.

Methods

Patients

Adult ESRD patients who had been on outpatient CHD
for at least 3 months were recruited between October 2011
and October 2015. We recruited 147 eligible patients who
received CHD for ESRD at our hemodialysis center during
the study period. Body composition was assessed in 145 of
these patients. Furthermore, three patients were excluded;
one did not have baseline laboratory data, whereas two oth-
ers had follow-up periods <1 month after body composition
analysis. Therefore, this study included a total of 142 ESRD
patients on CHD. This study was approved by the Institutional
Review Board (IRB) of Chung-Ang University Hospital (num-
ber: C2016146[1889]). Because the study was retrospective
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and the subjects were de-identified, the IRB waived the need
for written consent from patients.

Data Collection

Demographic and clinical data were collected from the
electronic medical records. These included age, sex, height,
predialysis and postdialysis body weight, cause of ESRD, dura-
tion of renal replacement therapy, and the presence of residual
renal function. Body mass index was calculated by dividing
the patient’s weight in kilograms by the square of their height
in meters. The burden of comorbidity was assessed using the
modified Charlson comorbidity index.'* The modified index
was calculated as follows: 1 point was assigned for history of
coronary artery disease, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic
pulmonary disease, connective tissue disorder, peptic ulcer
disease, mild liver disease, or diabetes without end-organ dam-
age; 2 points for hemiplegia, moderate or severe renal disease,
diabetes with end-organ damage, tumor without metastases,
leukemia, lymphoma, and myeloma; 3 points for moderate or
severe liver disease; and 6 points for metastatic solid tumor or
acquired immunodeficiency syndrome. Age was not included
in the modified Charlson comorbidity index of the current
study. Instead, it was used for the adjustment in multivariate
analysis.

All blood samples were drawn under fasting conditions
before the first-in-week dialysis sessions, except postdialysis
blood urea nitrogen (BUN). Laboratory data included hemo-
globin, albumin, BUN, intact parathyroid hormone (PTH), and
total carbon dioxide (CO,). Blood pressure was recorded before
the start of the first dialysis after a weekend. We recorded the
number of antihypertensive drugs. Dialysis adequacy (Kt/V, )
and protein catabolic rate were estimated using a single-pool
urea kinetic model."” These clinical data were measured every
6 months during the study period.

Body Composition Analysis

Body composition was assessed using a segmental multifre-
quency BIA device (InBody S10; Biospace, Seoul, South Korea),
which measured the body composition of the trunk and each
limb separately. Segmental BIA is more appropriate for moni-
toring body composition during hemodialysis treatment than
whole-body BIA."® Eight electrodes were placed on the surface
of the thumb, fingers of the hand, and ball of the foot and
heel; then, impedance was measured at frequencies of 1, 5,
50, 250, 500, and 1,000 kHz in the supine position. Bioelectri-
cal impedance analysis was measured within 30 minutes after
initiation of dialysis, and this measurement was conducted on
the first dialysis day of the week. All BIA tests were carried
out by nursing staff who were trained in the manufacturer’s
protocol. Measurements were taken every 6 months using the
same technique.

Several BIA-derived parameters including ECW, intracellular
water, and TBW were obtained. Among the various parameters
derived from BIA, we used the ECW/TBW for the estimation
of volume status.'” Volume overload was defined as the ECW/
TBW 20.40 based on the manufacturer’s suggestion derived
from fluid status data from 6,520 normal healthy Koreans
(Biospace, Seoul, South Korea). Because this ratio can be

influenced by age, sex, and comorbidities,'"'® these variables
were used for the adjustment in multivariate analyses.

All physicians at our hemodialysis center collected BIA data
including ECW/TBW. However, whether dry weight was adjusted
according to ECW/TBW depended on the physician preference.
This study sought to determine whether patients who had con-
trolled ECW/TBW would have better outcomes, compared with
those with persistently high ECW/TBW. Therefore, the patients
were divided into two volume groups according to this ratio. The
uncontrolled group included those with all ECW/TBW measure-
ments >0.40, whereas the controlled group included patients
with any measured ECW/TBW <0.40 during the study period.

Outcomes

We first evaluated the longitudinal changes in ECW/TBW
between the controlled and uncontrolled groups. Next, we
investigated the systolic and diastolic BPs in the two groups
during the study period. Finally, we sought to determine the
impact of chronic volume overload on outcomes such as hos-
pitalization due to cardiovascular events and all-cause death.
To do so, we compared the cumulative incidence and calcu-
lated the hazard ratio (HR) for events. Cardiovascular events
included cardiac death, acute coronary syndrome, cerebrovas-
cular accident, acute exacerbation of heart failure, and acute
peripheral artery occlusion.

Statistical Analysis

Continuous variables are expressed as mean = standard devi-
ation or median (interquartile range). These data were com-
pared using the independent t-test or the Wilcoxon rank-sum
test. In contrast, categorical variables, expressed as number
(%), were analyzed using the Chi-squared test. The cumulative
incidence of death and cardiovascular events was estimated
using the Kaplan—Meier method and was compared between
the groups using the log-rank test. Univariate and multivariate
Cox proportional hazard models were used to determine the
HR for events. Age, sex, and modified Charlson comorbidity
index were adjusted in multivariate analyses. Data analyses
were performed using the Statistical Package for the Social Sci-
ences Version 18.0 (IBM Corp., Armonk, NY). The level of sig-
nificance was set to a two-sided p value of <0.05.

Results

Patient Characteristics

A total of 142 CHD patients were included in this study and
were followed for a median of 29 (12-42) months. Based on
the ECW/TBW values, 85 (59.9%) and 57 (40.1%) patients
were classified into the controlled and uncontrolled groups,
respectively. Baseline ECW/TBW was 0.39+0.01 in the con-
trolled group and 0.42+£0.01 in the uncontrolled group (p <
0.001). Table 1 shows the baseline characteristics by group.
Patients in the uncontrolled group were older and had higher
modified Charlson comorbidity indices (p < 0.0T and p <
0.001) than did those in the controlled group. The initial level
of serum albumin was significantly lower in the uncontrolled
group than it was in the controlled group (p = 0.001). There
were no significant differences between the two groups with
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Table 1. Baseline Characteristics According to Volume Status in Chronic Hemodialysis Patients

Baseline Characteristics Total (N = 142) Controlled Group (n = 85) Uncontrolled Group (n = 57) P
Male, n (%) 75 (52.8) 50 (58.8) 25 (43.9) NS
Age (years) 64+13 62+13 68+12 <0.01
Dialysis duration (months) 22 (5-57) 18 (5-46) 25 (6-68) NS
Diabetes, n (%) 81 (57.0) 40 (47.1) 41 (71.9) < 0.01
Charlson comorbidity index 6 (5-7) 6 (5-7) 7 (6-8) < 0.001
Residual renal function, n (%) 70 (49.3) 48 (56.5) 22 (38.6) <0.05
Body mass index, kg/m? 23.4+8.5 22.9+3.4 242+12.8 NS
Interdialytic weight gain, kg 1.8+0.7 1.8+0.8 1.7+0.6 NS
Hemoglobin, g/dl 10.6+1.0 10.7+0.9 10.5+£1.2 NS
Albumin, g/dl 3.8+0.3 3.9+0.3 3.7+0.4 0.001
Intact PTH, pg/ml 214 (132-352) 221 (139-355) 214 (120-334) NS
Total CO,, mmol/L 23.1+3.1 22.7+3.0 23.7+3.0 NS
KV, .. 1.6+0.3 1.6+0.3 1.7+0.3 NS
Protein catabolic rate, mg/kg/d 1.0£0.2 1.0£0.2 1.0+£0.2 NS
ECW, L 13.7+£2.7 13.7+£2.7 13.5+2.6 NS
TBW, L 34.1+6.7 35.1+7.1 32.6+6.0 <0.05
ECW/TBW 0.40+0.01 0.39+0.01 0.42+0.01 < 0.001

Continuous variables are expressed as mean value + standard deviation or median (interquartile range), and categorical variables are ex-
pressed as n (%).
COz, carbon dioxide; ECW, extracellular water; NS, not significant; PTH, parathyroid hormone; TBW, total body water.

respect to the levels of hemoglobin, intact PTH, total CO,, Kt/
V..., and protein catabolic rate.

ure

systolic BP was 148 +21mm Hg in the controlled group and
157 +£22 mm Hg in the uncontrolled group (p < 0.01). The over-
all systolic BP measurements were higher in the uncontrolled
group than in the controlled group. However, there were only

Changes in Volume Status

We performed BIA every 6 months during the study period.
A total of 643 ECW/TBW values were measured. To identify
any trends between volume status and the controlled and
uncontrolled groups, the mean ECW/TBW was compared for
36 months (Figure 1). The significant differences between the
two groups with regard to ECW/TBW persisted from baseline
to 36 months (all p < 0.001).

Blood Pressure and Antihypertensive Medications

We compared the BP measurements between the two
groups every 6 months for 24 months (Figure 2). The baseline

significant differences in BP in months 0, 6, and 12 (all p <
0.01, respectively, Figure 2A). In contrast, diastolic BP did not
differ between the groups, except for those at 6 and 18 months
(p <0.01 and 0.05, respectively, Figure 2B).

We also evaluated the number of antihypertensive medi-
cations prescribed in both groups. The initial number of
drugs was 2 (1-2) in the controlled group and 2 (1-3) in
the uncontrolled group (not significant [NS]). The subsequent
numbers of medications were slightly higher in the uncon-
trolled group than in the controlled group (1 [0-2] and 1
[0-2] at 6 and 12 months in the controlled group vs. 2 [1-3]
and 2 [1-3] at 6 and 12 months in the uncontrolled group,
respectively; both NS).
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Figure 1. The comparison of volume status over time according to volume group. Volume status, as expressed by ECW/TBW, was com-
pared between the two groups. The baseline ECW/TBW was 0.39 in the controlled group and 0.42 in the uncontrolled group (p < 0.001). This
significant difference between the groups persisted throughout the study period (all p < 0.001). **p < 0.001. ECW, extracellular water; TBW,

total body water.
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Figure 2. The comparison of BP according to volume group. A: Systolic BP was compared during the study period. The overall systolic BP
measurements were higher in the uncontrolled group than they were in the controlled group. The statistical differences were seen in months
0, 6, and 12, but not in month 18 or 24 (p < 0.01, p < 0.01, and p = 0.001; NS and NS, respectively). B: Changes in diastolic BP were also
compared between the two groups. In contrast to systolic BP, diastolic BP did not show a trend. The diastolic BP differed in months 6 and
18 between the two groups (NS, p < 0.01; NS, p < 0.05; and NS in 0, 6, 12, 18, and 24 months, respectively). *p < 0.05, “*p < 0.01, and **p

< 0.001. BP, blood pressure; NS, not significant.

Clinical Outcomes According to Volume Status

Cardiovascular events occurred in 13 patients in the con-
trolled group and in 15 in the uncontrolled group. The 3-year
rate of events was 18.3% and 33.9%, respectively (p < 0.05).
However, this association was not present in multivariate anal-
ysis after adjusting for age, sex, and modified Charlson comor-
bidity index (HR, 1.7; 95% confidence interval [Cl], 0.8-3.7;
NS; Table 2 and Figure 3A).

Four patients in the controlled group and 11 in the uncon-
trolled group died during the study period. The 3-year mortality
rate was 4.9% and 23.8% in the controlled and uncontrolled
groups, respectively (p = 0.001). Univariate analysis demonstrated
that chronic, uncontrolled fluid retention was associated with all-
cause death. This association persisted in multivariate analysis after
adjustment for age, sex, and modified Charlson comorbidity index
(HR, 4.7; 95% Cl, 1.4-16.1; p < 0.05; Table 3 and Figure 3B).

Discussion

We used a segmental multifrequency BIA device to inves-
tigate the impact of chronic fluid overload in ESRD patients

on maintenance hemodialysis. Patients were divided into those
with intermittently controlled and uncontrolled volume status,
as measured by the ECW/TBW ratio. Although systolic BP dif-
fered between the groups, there were no differences in diastolic
BP or number of antihypertensive medications. Ultimately, we
evaluated the impact of chronic volume overload on cardio-
vascular events and all-cause mortality in patients with ESRD
on CHD. The incidence of cardiovascular events and all-cause
mortality was higher in uncontrolled patients than it was in
controlled patients. In multivariate analyses (after adjusting for
age, sex, and modified Charlson comorbidity index), the asso-
ciation between chronic volume overload and cardiovascular
events was no longer observed. In contrast, chronic volume
overload was an independent predictor for all-cause mortality
in ESRD patients receiving CHD.

Volume overload in CHD patients is a frequent problem.'
Previous studies have demonstrated that it is associated with
arterial hypertension, left ventricular hypertrophy, heart failure,
and elevated mortality rate.>*'* Therefore, it is crucial to make
precise assessments of the volume status in this patient popu-
lation. Unfortunately, there is no single gold-standard method
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Table 2. Impact of Chronic Volume Overload on Cardiovascular Events in Chronic Hemodialysis Patients

Univariate p Multivariate* p
Age 1.0 (1.0-1.1) < 0.05 1.4 (0.6-3.2) NS
Sex 1.0 (0.5-2.2) NS 1.0 (0.5-2.2) NS
Body mass index 1.0 (0.9-1.0) NS
Diabetes 1.9 (0.8-4.3) NS
Charlson comorbidity index 1.4 (1.2-1.6) < 0.001 1.3(1.1-1.6) 0.001
Residual renal function 0.6 (0.3-1.3) NS
Interdialytic weight gain 1.4 (0.8-2.5) NS
Albumin 0.4 (0.1-1.1) NS
AV 0.7 (0.2-2.5) NS
Protein catabolic rate 3.8 (0.8-18.9) NS
Uncontrolled group 2.4 (1.2-5.1) <0.05 1.7 (0.8-3.7) NS

*Adjusted for age, sex, and modified Charlson comorbidity index.
NS, not significant.

to measure the volume status, although several methods have
been considered. Clinical approaches such as measuring
peripheral edema are often subjective and do not accurately
reflect volume status in CHD patients.?® Other strategies that
have been suggested include using the BP, BNP, N-terminal
proBNP, or ultrasonic evaluation of the diameter of the infe-
rior vena cava.**?'?2 However, the relationship between BNP,
N-terminal proBNP, and volume status is complex and not
entirely clear.?*?* In addition, the echocardiographic param-
eter only assesses a parameter that is related to intravascular
volume.? The BIA, which helps to determine body composi-
tion with ECW and TBW, is a useful, objective, and reliable
tool to monitor fluid status in patients on dialysis. Its value for
assessing volume overload and predicting clinical prognosis
has been demonstrated in several prior papers.'®" Similar to
this study, Tangvoraphonkchai and Davenport'? found that high
ECW/TBW was associated with increased mortality in hemo-
dialysis patients, although N-terminal proBNP was not. On the
other hand, Kim et al."* used ECW/intracellular water as an
integrating marker reflecting both fluid overload and malnu-
trition, and demonstrated its association with cardiovascular
events as well as all-cause mortality. However, most studies
have analyzed the single BIA results for predicting future out-
comes. We then investigated the impact of chronic volume
overload on outcomes using longitudinal BIA data.

We assessed volume status using ECW/TBW, which was a
useful predictor of survival in previous studies.'>'” This ratio
is easy to use and intuitive. The current study used an ECW/
TBW of 0.40 as the cut-off value to divide patient volume sta-
tus, which was based on a fluid status measurement in normal
healthy Koreans (suggested by the manufacturer, Biospace,
Seoul, South Korea). However, ECW/TBW can be affected
by various factors including age, sex, and comorbidities." '8
Accordingly, an ECW/TBW of 0.40 is not an absolute cut-off
for defining volume overload. Given this problem, an individu-
alized approach using trends in longitudinal BIA data is rea-
sonable for application in clinical practice until further studies
establish an optimal cut-off value for diagnosing volume over-
load in ESRD patients on CHD.

Several aspects of the techniques used in this study are needed
to be noted. Our center measured BIA within 30 minutes after
dialysis initiation on the first dialysis day after the weekend. This
is not the most accurate way to measure BIA, typically before
of 30 minutes after dialysis treatment on a midweek session is
recommended.?® The protocol we used took into consideration

work convenience, manpower, and patient compliance. How-
ever, BIA was performed at a consistent time by specially trained
nursing staff to minimize errors related to measurement. We also
used a segmental BIA system, which seems to be more accurate
during hemodialysis than whole-body BIA.'®

In this study, patients in the controlled group had lower sys-
tolic BP than did those in the uncontrolled group, although no
significant difference between the two groups was observed
in the later period of the study. Previous studies have dem-
onstrated that fluid overload affects the BP, especially the
systolic BP; these changes could increase the morbidity and
mortality of ESRD patients.** We did not demonstrate whether
a decrease in ECW/TBW can reduce BP or the number of
required antihypertensive drugs. However, our results might
indirectly indicate that a reduction in body weight (to maintain
euvolemic status) is a simple and efficacious way to improve
BP control in patients on dialysis.*?"?

This study identified an association between chronic volume
overload and cardiovascular disease in univariate analysis; how-
ever, this result was not observed in multivariate analysis. Volume
overload is known to be associated with long-term cardiovas-
cular complications in hemodialysis patients.>'*? The negative
result in this study could have been influenced by the definition
of cardiovascular events. We defined cardiovascular events as
the de novo occurrence of cardiac death, acute coronary syn-
drome, cerebrovascular accident, acute exacerbation of heart
failure, or acute peripheral artery occlusion. Chronic fluid reten-
tion is mainly associated with the development of heart failure
and pulmonary edema.??*! The relationships between fluid
retention and other cardiovascular diseases, such as atheroscle-
rosis-related disease, are uncertain. However, some reports have
shown that fluid retention is associated with atherosclerosis-
related disease.’'*?° These groups explain that fluid overload
influences the vascular and endothelial levels and contributes
to arterial stiffness, atherosclerosis, and left ventricular hyper-
trophy.>> Nevertheless, this is only a hypothesis, and further evi-
dence is needed to understand the relationship between volume
overload and atherosclerosis-related cardiovascular disease. In
addition, multiple factors such as vascular calcification can result
in the development of cardiovascular events in patients with
chronic kidney disease.** An association between fluid overload
and atherosclerosis is not supported by our findings.

It is important to note that chronic fluid retention increased
the rate of all-cause death in ESRD patients receiving CHD in
this study. Furthermore, this impact persisted after adjusting for

Copyright © American Society of Artificial Internal Organs. Unauthorized reproduction of this article is prohibited.



6 KIM ET AL.

A
o Controlled
—Uncontrolled
3 30
o
w
o
E
S
o 207
°
]
®
E
3
107
0_
T T T T T T
0 10 20 30 40 50
Time (months)
B
40
""" Controlled
— Uncontrolled
30

Estimated Mortality (%)
N
?

10

Time (months)

Figure 3. The adjusted estimated incidence of cardiovascular events and all-cause death according to volume group. A: The rate of car-
diovascular events differed in univariate analysis, while it did not after the adjustment for age, sex, and modified Charlson comorbidity index
(NS). B: The incidence of all-cause death differed between the two groups in both univariate and multivariate analyses (p < 0.05). “p < 0.05.

NS, not significant.

age, sex, and modified Charlson comorbidity index. Some stud-
ies have also found an association between volume overload
assessed by BIA and increased mortality.'>'3293435 Compared
with previous studies, this study analyzed the long-term BIA data
and evaluated the effects of chronic volume overload on clinical
outcomes. In addition, we confirmed that chronic volume over-
load was an independent risk factor for all-cause death.

This study has several limitations to be considered. First, it
was subject to information bias given its retrospective nature.
However, the subjects in this study visited our center 2-3 times
per week, and medical information was regularly recorded.
This should have minimized missing and incorrect data. In
addition, this study was subject to selection bias because it
was not a controlled trial. Although we attempted to adjust the
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Table 3. Impact of Chronic Volume Overload on All-Cause Death in Chronic Hemodialysis Patients

Univariate p Multivariate* P

Age 1.1 (1.0-1.1) < 0.01 1.1 (1.0-1.1) <0.05
Sex 2.5(0.8-7.8) NS 2.8 (0.9-9.1) NS
Body mass index 0.9 (0.8-1.0) NS
Diabetes 2.0 (0.6-6.2) NS
Charlson comorbidity index 1.6 (1.3-2.0) < 0.001 1.7 (1.3-2.2) < 0.001
Residual renal function 0.4 (0.1-1.1) NS
Interdialytic weight gain 1.3 (0.6-3.0) NS
Albumin 0.3 (0.1-1.3) NS

AV 0.4 (0.1-2.7) NS
Protein catabolic rate 0.8 (0.1-9.1) NS
Uncontrolled group 5.6 (1.8-17.7) <0.01 4.7 (1.4-16.1) <0.05

*Adjusted for age, sex, and modified Charlson comorbidity index.

NS, not significant.

baseline differences by including age, sex, and modified Charl-
son comorbidity index in the multivariate analyses, there may
be other confounding variables. Furthermore, it may be dif-
ficult to generalize our findings given that our study was small
and performed at a single center. To confirm our results, further
large, multicenter studies using BIA are needed.

In conclusion, the study evaluated volume status using BIA
and investigated the impacts of chronic fluid overload on vari-
ous outcomes in ESRD patients on CHD. We found that patients
with chronic fluid overload had higher systolic BP than did
those with intermittently controlled volume status. This study
also suggests that chronic volume overload could be a pre-
dictor for all-cause death. Therefore, BIA can be a reasonable
method to identify patients with abnormal fluid balance and
to maintain adequate dry weight. Furthermore, this approach
may reduce the rate of mortality in CHD patients. Additional
large, prospective trials are needed to demonstrate whether
BIA-guided volume management can limit the adverse out-
comes in ESRD patients on CHD.
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