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Abstract
Background and objectives Bioelectrical impedance analysis (BIA) devices can help assess volume overload in
patients receiving maintenance peritoneal dialysis. However, the effects of BIA on the short-term hard end points
of peritoneal dialysis lack consistency. This study aimed to test whether BIA-guided ﬂuid management could
improve short-term outcomes in patients on peritoneal dialysis.
Design, setting, participants, & measurements A single-center, open-labeled, randomized, controlled trial was
conducted. Patients on prevalent peritoneal dialysis with volume overload were recruited from July 1, 2013 to
March 30, 2014 and followed for 1 year in the initial protocol. All participants with volume overload were 1:1
randomized to the BIA-guided arm (BIA and traditional clinical methods) and control arm (only traditional clinical
methods). The primary end point was all-cause mortality and secondary end points were cardiovascular disease
mortality and technique survival.
Results A total of 240 patients (mean age, 49 years; men, 51%; diabetic, 21%, 120 per group) were enrolled. After
1-year follow-up, 11(5%) patients died (three in BIA versus eight in control) and 21 patients were permanently
transferred to hemodialysis (eight in BIA versus 13 in control). The rate of extracellular water/total body water
decline in the BIA group was signiﬁcantly higher than that in the control group. The 1-year patient survival rates
were 96% and 92% in BIA and control groups, respectively. No signiﬁcant statistical differences were found
between patients randomized to the BIA-guided or control arm in terms of patient survival, cardiovascular disease
mortality, and technique survival (P.0.05).
Conclusions Although BIA-guided ﬂuid management improved the ﬂuid overload status better than the
traditional clinical method, no signiﬁcant effect was found on 1-year patient survival and technique survival in
patients on peritoneal dialysis.
CJASN 15: 685–694, 2020. doi: https://doi.org/10.2215/CJN.06480619

Introduction
Volume overload, which is associated with hypertension, cardiovascular events, morbidity, and mortality
(1), occurs more frequently in patients receiving
maintenance peritoneal dialysis (PD) than those receiving hemodialysis (HD) (2–4). However, the surrogate clinical parameters used to routinely determine
volume status, such as edema, body weight, and BP,
are typically affected by vascular stiffness, cardiac
dysfunction, and malnutrition, which render their
interpretation inconclusive (5). Bioelectrical impedance analysis (BIA) devices have proven to be potentially helpful for the clinical assessment of ﬂuid
overload (5) in two observational studies of patients
on PD (6,7) and one interventional study of patients
on HD (8).
A prospective trial on patients on HD concluded
that BIA is not inferior and possibly even better than
clinical criteria for assessing dry weight and guiding
www.cjasn.org Vol 15 May, 2020

ultraﬁltration in patients on HD (9). A 12-month
randomized, controlled trial (RCT) of 308 patients on
PD in the United Kingdom and Shanghai, China,
showed worsening extracellular water (ECW)-to-total
body water (TBW) ratios in active patients and
controls with anuria; thus routine use of longitudinal
bioimpedence vector plots to improve the clinical
management of ﬂuid status was not supported. Moreover, the hard end point of overall survival was not
investigated (10).This prospective RCT aimed to investigate the outcome of BIA devices on the clinical
assessment and management of hydration status in
patients on PD.
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Materials and Methods
Study Design
This prospective, single-center, open-labeled RCT
analyzed prevalent patients on stable PD in The First
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Afﬁliated Hospital of Sun Yat-sen University, who were
recruited from July 1, 2013, to March 30, 2014, and followed
up for 1 year on the initial protocol. This trial was registered
in the clinical trials registry (http://www.clinicaltrials.gov,
trial number: NCT02000128). According to data analysis by
the end of the study, the follow-up duration was extended
to 3 years, on December 31, 2017. The rationales were
presented in statistical method. Ethical approval (number:
[2012]303) was granted by the Ethics Committee of The
First Afﬁliated Hospital of Sun Yat-sen University, and all
patients provided written informed consent.
Participants
Adult patients receiving continuous ambulatory peritoneal dialysis treatment for $3 months were screened using
the BIA device (InBody720; Biospace, Seoul, Korea). An
ECW/TBW ratio $0.4 (suggested by the BIA device
manufacturer) was used to deﬁne ﬂuid overload for
participant enrollment (11). The exclusion criteria were
as follows: contraindications to BIA measurement (amputation, presence of a pacemaker or prosthesis, or inability to
stand steadily for 3 minutes), concomitant dialysis modalities (PD and HD), severe heart failure (New York Heart
Association Functional Classiﬁcation class 4), acute complications (peritonitis, pulmonary infection, etc.), severe
malnutrition (Subjective Global Assessment class C), malignant tumor, or pregnancy.
Enrollment and Randomization
Participants recruited from the outpatient section of the
PD center were randomly assigned, in a 1:1 ratio, to the BIA
group (ﬂuid management guided by BIA plus traditional
clinical methods) or control group (ﬂuid management
guided by only traditional clinical methods). Randomization was done by a statistician (Q.Z.) independently. A
randomization sequence was generated by a separate
statistician using SAS 9.2 software (SAS Institute Inc.,
Cary, NC). Simple randomization was performed without
using stratiﬁcation and blocks. Physicians and investigators in the trial were blinded to randomization.
Study Outcomes
The primary end point was all-cause mortality. The
secondary end points were cardiovascular disease (CVD)
mortality and technique survival. In the primary analysis of
patient outcome, all participants were followed up until
they achieved the end point, were censored, or ﬁnished the
study. Dropout was deﬁned as patients who withdraw
from the study subjectively, missed the prescribed visit for
S3 times, nonadherence to prescribed treatment for .3
months, or pregnancy. Kidney transplantation, spontaneous recovery of kidney function, dropout, and transition to
another PD center were coded as censored events. CVD
included ischemic heart disease, stroke (cerebral infarction,
cerebral hemorrhage, and transient cerebral ischemic attack), and peripheral artery diseases (12). Each CVD was
diagnosed strictly according to the standardized criteria.
Technique failure referred to a situation where a patient
receiving PD switches to HD for .3 months, but excluding
patients who died, underwent kidney transplantation, or
kidney function recovery (13). Outcome events and causes

of death were registered by experienced nephrologists who
were blinded to group allocation and were not changed
during the trial.
Hydration Status Measurements and Management
Multifrequency BIA measurements were performed
according to the manufacturer’s instructions (11), in the
morning, during a routine clinical visit, as previously
described (14), and PD ﬂuid was not drained from the
abdomen after the report (15).
In the control group, ﬂuid balance was determined or
adjusted by traditional clinical measures, including body
weight, BP, edema, signs and symptoms of chronic heart
failure (chest congestion, palpitations, dyspnea on exertion,
nocturnal paroxysmal dyspnea, and orthopnea), or hypovolemia (dizziness and orthostatic hypotension). In the BIA
group, ECW/TBW ,0.4 and aforementioned clinical assessments were used to determine ﬂuid status. BIA participants
underwent serial body composition measurements during
every visit, whereas controls were measured only at
enrollment and at study completion. Regardless of the
group, those diagnosed with ﬂuid overload, were required
to follow their water reduction protocol and return within a
month, whereas those with euvolemia were instructed to
return every 3 months.
Standard management of ﬂuid overload was performed
by nephrologists with at least 10 years of experience on
managing patients on PD. All patients with volume overload were asked to restrict salt (,5 g/d) (16) and water
intake. For those with urine volume .200 ml/d, patients
were prescribed diuretics to increase urine output before
using dialysate with glucose concentration .1.5%. Diuretic
(usually furosemide) dosage was gradually increased to a
maximum of 200 mg/d. On this basis, more hypertonic
dialysate, shortened night dwelling time, or intermittent
PD was recommended for increased water removal. All
participants underwent PD using the dialysis systems
(Baxter Healthcare, Deerﬁeld, IL). Automated PD and
icodextrin were not used.
Sample Collection and Laboratory Analysis
Clinical manifestations, ﬂuid status, medication, and PD
prescription (PD modality, dosage, and dialysate glucose
concentration) were evaluated during routine visits. All
serum and dialysate biochemical parameters were measured using the AU5821–2 automatic biomedical analyzer
(Beckman Coulter Life Sciences, Indianapolis, IN).
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
level was analyzed in plasma using an automatic electrochemiluminescence immunoassay and a COBAS 601 module (Roche, Basel, Switzerland), according to the
manufacturer’s instructions. The analytical sensitivity
was 15 pg/ml (reportable range is 20–45,000 pg/ml).
Cardiac investigations (cardiac symptom, New York Heart
Association classiﬁcation, NT-proBNP, and echocardiography) were performed regularly.
Both 24-hour urine and PD efﬂuent were collected at the
same time each day to calculate urea clearance (weekly)
(Kt/V), creatinine clearance, normalized protein clearance
rate, and measured GFR, which was calculated as the
average 24-hour kidney creatinine and urea clearance and
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normalized to 1.73 m2 body surface area using Adequest
2.0 software (Baxter Healthcare).

Statistical Analyses
The estimated sample size was 240 to provide the trial
with 90% power to detect an absolute difference of 10%
points in all-cause mortality at 1-year follow-up from an
estimated baseline mortality of 85%, at an a level of 0.05
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(17–21). This calculation allowed for a withdrawal rate and
follow-up loss of 10% (Supplemental Appendix 1).
Data were presented as mean6SD for normally distributed continuous variables, median and interquartile range
for skewed continuous variables, and frequencies and
percentages for categorical variables. One-way ANOVA
was performed for comparing normally distributed continuous variables and Mann–Whitney U test for non-normally
distributed continuous variables. The chi-squared test was

Table 1. Baseline characteristics of the BIA group and control group
Characteristics
Male, n (%)
Age, yr
Vintage, mo
Primary disease of ESKD, n (%)
Chronic glomerular nephritis
Diabetes mellitus
Hypertension
SLE
BMI, kg/m2
Systolic BP, mm Hg
Diastolic BP, mm Hg
Antihypertensive medication use, n (%)
No use
Single use
Two combinations
Three combinations
Four combinations
Five combinations
History of MI, n (%)
History of stroke, n (%)
Comorbidity score
ECOG activity index, n (%)
1
2
3
4
NYHA classiﬁcation, n (%)
1
2
3
Measured GFR, ml/min per 1.73 m2
Residual urine volume, ml/24 h
Hemoglobin, g/dl
Serum albumin, g/dl
Prealbumin, mg/dl
Uric acid, mg/dl
iPTH, pg/ml
hs-CRP, mg/L
NT-proBNP, pg/ml
PD dosage, L/d
Ultraﬁltration volume, ml/24 h
Total Kt/V
Total creatinine clearance, L/w
nPCR
Peritoneal transport type, n (%) (n5212)
High and high-average transport type
Low and low-average transport type
Total body water, L
Extracellular water, L
Intracellular water, L
Extracellular water//total body water, 310e2

All, n5240

Control, n5120

BIA, n5120

122 (51)
49615
32 (17–50)

663 (53)
50616
31 (16–49)

59 (49)
48614
32 (16–50)

136 (56)
51 (21)
16 (7)
6 (3)
22.163.1
142620
83613

70 (58)
25 (21)
9 (8)
3 (3)
22.463.2
142621
83614

66 (55)
26 (22)
7 (6)
3 (3)
21.863.0
142619
84612

30 (13)
16 (6)
41 (17)
76 (32)
63 (26)
14 (6)
18 (7.5)
10 (4.2)
3 (2–5)

17 (14)
8 (6)
20 (17)
37 (31)
32 (27)
6 (5)
10 (8.3)
5 (4.2)
3 (2–6)

13 (11)
8 (7)
21 (17)
39 (32)
31 (26)
8 (7)
8 (6.7)
5 (4.2)
3 (2–5)

3 (1)
138 (58)
81 (34)
18 (7)
104/117/19
104 (43)
117 (49)
19 (8)
0.9 (0.1–2.4)
250 (0–650)
10.861.9
3.860.4
375687
4.660.9
412 (248–703)
1.6 (0.6–4.5)
4161 (1743–14536)
8 (8–8)
450 (200–800)
2.360.6
65622
0.960.2

1 (1)
68 (57)
39 (32)
12 (10)
48/60/12
48 (40)
60 (50)
12 (10)
0.8 (0.1–2.4)
200 (0–550)
10.762.0
3.760.4
372686
4.560.9
411 (266–665)
1.6 (0.6–4.5)
5167 (1840–18700)
8 (8–8)
500 (200–800)
2.260.6
65623
0.860.2

2 (2)
70 (58)
42 (35)
6 (5)
56/57/7
56 (47)
57 (47)
7 (6)
0.9 (0.1–2.5)
300 (25–700)
10.961.8
3.860.4
372690
4.660.9
413 (233–733)
1.5 (0.5–4.8)
4066 (1535–11246)
8 (8–8)
400 (200–800)
2.360.6
65622
0.960.2

137 (65)
75 (35)
37.567.7
15.463.3
22.164.6
40.6 (40.3–41.3)

72 (71)
30 (29)
37.967.7
15.663.2
22.464.4
40.8 (40.2–41.4)

65 (59)
45 (41)
37.067.6
15.263.4
21.764.9
40.5 (40.1–41.3)

Values for continuous variables are given as mean6SD or median (interquartile range). BIA, bioelectrical impedance analysis; BMI, body
mass index; MI, myocardial infarction; ECOG, Eastern Cooperative Oncology Group; NYHA, New York Heart Association; iPTH, intact
parathyroid hormone; hs-CRP, high-sensitive C-reactive protein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PD, peritoneal
dialysis; nPCR, normalized protein clearance rate.
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analysis. A two-sided P,0.05 was considered statistically
signiﬁcant. Statistical analyses were performed using SPSS
16.0 (IBM Corp., Armonk, NY), R 3.6.1 (Bell Laboratories,
Murray Hill, NJ; https://cran.r-project.org/bin/windows/
base/old/3.6.1/), and SAS 9.2.

used for categorical variables. Primary efﬁcacy analyses
were on the basis of the intent-to-treat approach. Patient
survival and technique survival were calculated using the
Kaplan–Meier method, and differences between different
groups were assessed by log-rank tests. Considering patients transferred to other modalities as censoring (competing end points), the Fine and Gray proportional subhazards
model was used to create a competing risk model
(Supplemental Appendix 2) (22).
The rate of ECW/TBW decline over time was calculated
with a mixed effect model of linear growth for each patient,
using SAS 9.2 (23). The linear model of the BIA group was
ﬁtted on the basis of repeated BIA measurements every
1–3 months, whereas the control group was on the basis of
BIA data collected at the beginning and end of the study.
Patients who dropped out were still included in the

Results
Baseline Characteristics
Of the 280 patients screened who were receiving continuous ambulatory peritoneal dialysis, 40 patients were
excluded; 240 eligible patients were enrolled and randomized into the BIA (n5120) or control group (n5120).
Baseline characteristics of the two groups were shown in
Table 1. The overall median follow-up time was 32
(interquartile range, 1–53) months, including 1 year on

Enrollment
Assessed for eligibility (n = 280)

Excluded (n = 40)
iNot meeting inclusion criteria (n = 7)
iDeclined to participate (n = 33)

Randomized (n = 240)

Allocation
Allocated to BIA group (n = 120)
iReceived allocated
intervention (n = 120)

Allocated to control (n = 120)
iReceived allocate
intervention (n = 120)

Follow-Up 1 year
Death (n = 8)
Transfer to HD (n = 12)
Censored (n = 5)
iTransplantation (n = 5)
Drop out (n = 6)
iMissing the prescribed visit
for 3 times (n = 6)

Death (n = 3)
Transfer to HD (n = 8)
Censored (n= 6)
iTransplantation (n = 6)
Drop out (n = 4)
iMissing the prescribed visit
for 3 times (n = 4)

Follow-Up 3 years
Death (n = 31)
Transfer to HD (n = 29)
Censored (n = 20)
iTransplantation (n = 20)
Drop out (n = 10)
iMissing the prescribed visit
for 3 times (n = 10)

Death (n = 13)
Transfer to HD (n = 17)
Censored (n = 22)
iTransplantation (n = 22)
Drop out (n = 12)
iMissing the prescribed visit
for 3 times (n = 12)

Analysis
Analysed (n =120)
iExcluded from analysis (n = 0)

Analysed (n = 120)
iExcluded from analysis (n = 0)

Figure 1. | Consolidated Standards of Reporting Trials diagram. BIA, bioelectrical impedance analysis; HD, hemodialysis.
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the initial protocol and 2 years on extended follow-up.
Recruitment, randomization, end point, and dropout were
summarized in the Consolidated Standards of Reporting
Trials diagram (Figure 1).

Rate of ECW/TBW Decline after 1-Year Intervention
A signiﬁcantly lower ECW and ECW/TBW ratio were
found in the BIA group than in the control group (Table 2).
To better estimate the effect of BIA-guided ﬂuid management on ﬂuid control, the decline rates of the ECW/TBW
ratio by 0.001 unit per month in the two groups were
compared (Figure 2, A and B): the rate of ECW/TBW
decline in the BIA group was signiﬁcantly higher than that
in the control group (20.00054 versus 20.00024; P50.04).
After 1 year, 55% (BIA group) and 35% (control group) of
the patients achieved the ﬂuid control target (ECW/TBW
,0.4; P50.01).

Changes in Clinical Assessments and Laboratory Test Items
on 1-Year Intervention
Compared with baseline data, the serum NT-proBNP
level decreased from 4066 (IQR, 1535–11,246) pg/ml to
2029 (IQR, 1006–5965) pg/ml (P50.01) in the BIA group
and was signiﬁcantly lower than that in the control
(P,0.001; Figure 3). ECW and ECW/TBW ratio were
lower in the BIA group versus control group. Increase in
serum albumin level and decrease in C-reactive protein
level and Subjective Global Assessment class in the BIA
group were statistically signiﬁcant compared with that of
the control group. No statistical differences were found in
BP, change of hemoglobin, serum calcium and phosphorus,
intact parathyroid hormone, Kt/V and creatinine clearance, residual urine volume, and measured GFR between
the two groups (Table 2).
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One-Year Primary and Secondary Outcomes
After 1-year follow-up, 11 (5%) patients died (three in
BIA group versus eight in control group). The overall
patient survival was not statistically different between the
two groups (log-rank chi-squared 53.37; P50.12;
Figure 4A). Competing risk regression of overall survival
between the two groups showed no statistical difference.
(subdistribution hazard ratio [sHR], 0.89; 95% conﬁdence
interval [95% CI], 0.12 to 6.49) (Supplemental Figure 1). The
causes of death included CVD (n58, two BIA patients and
six controls), lymphoma (n51, BIA group) and catheterrelated infection and pulmonary infection (n52, control
group). Cardiovascular mortality analyzed by Kaplan–
Meier method also showed no statistical difference between the two groups (log-rank chi-squared 51.34; P50.24;
Figure 4C). CVD and adverse events had no statistical
difference between the two groups (Table 3).
Overall, 21 patients (eight BIA patients and 13 controls)
were permanently transferred to HD during 1-year followup. The technique survival rates were 91% and 83% in the
BIA and control groups, respectively (log rank chi-squared
53.39; P50.06) (Figure 4B). Competing risk regression of
technique survival showed no statistical difference. (sHR,
0.44; 95% CI, 0.16 to 1.18) (Supplemental Figure 2).

Exploratory Outcome of Extended 3-Year Follow-Up
After 3-year follow-up, 87 participants (56 BIA patients
and 31 controls) were still included in the cohort. During
the follow-up period, 44 (18%) patients died (13 [11%] BIA
patients and 31 [26%] controls). Causes of death included
CVD (n528), peritonitis (n57), pulmonary infection (n54),
malignant tumor (n52), suicide (n51), and giving up
treatment (n52). Forty six patients were permanently
transferred to HD (17 BIA patients and 29 controls).
Moreover, 12 BIA patients and ten controls dropped out

Table 2. Comparisons of serum parameters and clinical assessments of BIA group with control group by 1-year intervention
Variables
Extracellular water, L
Extracellular water/total body water, 310e2
Systolic BP, mm Hg
Diastolic BP, mm Hg
Change of serum calcium, mg/dl, 310e3
Change of serum phosphorus, mg/dl, 310e3)
Change of iPTH, pg/ml
Change of hs-CRP, mg/L
Change of hemoglobin, g/dl
Change of serum albumin, g/dl
Change of prealbumin, mg/dl
SGA, n (%)
1
2
3
Change of total Kt/V
Change of total Ccr, L/w
Change of residual urine, ml/24 h
Change of mGFR, ml/min per 1.73 m2

Total, n5175

Control, n584

BIA, n591

P Value

15.163.2
40.1 (39.3–41.0)
140615
84613
20.3 (21.5 to 1.2)
0.9 (22.1 to 4.0)
262 (2219 to 67)
0.35 (0.81–3.79)
0.261.8
20.260.5
222 (252 to 37)

15.663.1
40.4 (39.3–41.3)
142618
84614
20.3 (21.5 to 1.3)
1.5 (20.9 to 4)
293 (2277 to 110)
20.1 (21.8 to 1.1)
0.261.9
20.360.3
214 (236 to 46)

14.563.2
40.0 (39.3–40.7)
139614
84613
20.3 (21.6 to 1.1)
0.4 (23.4 to 3.6)
255 (2206 to 63)
0.9 (20.3 to 5.1)
0.361.8
20.160.5
232 (276 to 20)

0.04
0.03
0.14
0.43
0.51
0.36
0.39
0.04
0.72
0.01
0.29
0.001

116 (73.41)
39 (24.68)
3 (1.89)
21.260.1
27.161.9
2100 (2300 to 0)
20.3 (21 to 0)

45 (60.00)
29 (38.66)
1 (1.33)
21.260.1
28.362.8
2100 (2350 to 0)
20.3 (21.0 to 20.1)

71 (85.57)
10 (12.04)
2 (2.40)
21.260.1
25.962.4
2275 (2560 to 290)
20.2 (20.9 to 0)

0.99
0.53
0.69
0.53

Values for continuous variables are given as mean6SD or median (interquartile range). Data were collected from patients who have
completed the trial (n5175), whereas data from those who died, transplanted, transferred to HD, or withdrew within 1 year were unable
to be collected. BIA, bioelectrical impedance analysis; iPTH, intact parathyroid hormone; hs-CRP, high-sensitive C-reactive protein;
SGA, Subjective Global Assessment (1, grade A; 2, grade B; 3, grade C); Ccr, creatinine clearance; mGFR, measured GFR.
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A

10000
NT-pro BNP (pg/ml)

0.43
ECW/TBW

0.42
0.41
0.40
0.39
0.38

BIA vs.
control: p = 0.32

BIA vs.
control: p < 0.001

8000
6000
4000
2000
0
baseline

12 months

-2000

0.37
0

1

2

3

4

5

6

7

8

9 10 11 12

BIA group

Follow-up time (month)

control group

B
Figure 3. | Mean changes of NT-proBNP from baseline to 1-year
follow-up in BIA group and control group (patient number at baseline
was 240). Data at 12 months were collected from patients who have
completed the trial (n5175), whereas data from those who died,
transplanted, transferred to HD, or withdrew within 1 year were unable to be collected. NT-proBNP, N-terminal pro-B-type natriuretic peptide.

0.43

ECW/TBW

0.42
0.41
0.40
0.39
0.38
0.37
0.36
0

1

2

3

4

5

6

7

8

9 10 11 12

failure using the Fine and Gray proportional subhazards
model, either by univariable analysis (sHR, 0.62; 95% CI,
0.35 to 1.11) or multivariable analysis (sHR, 0.59; 95% CI,
0.32 to 1.10) (Supplemental Figure 6, Supplemental Table 4).

Follow-up time (month)

Discussion
Figure 2. | The decline rate of ECW/TBW (per month) was faster in
the BIA group than in the control group. (A) The decline rate of ECW/
TBW in the BIA group. The fixed effect over time was 20.00054
(P,0.001). (B) The decline rate of ECW/TBW in the control group. The
fixed effect over time was 20.00024 (P50.03). The decline rate of
ECW/TBW over time was calculated by a random intercept and slope
model of linear growth. The red lines represent the fitted mean change
of ECW/TBW over 1 year. ECW/TBW, extracellular water-to-total
body water ratio.

(P50.65; Figure 1). In the BIA group, Kaplan–Meier analysis revealed 1-, 2-, and 3-year cumulative patient survival
rates of 96%, 92%, and 87% respectively, whereas those in
the control group were 92%, 82%, and 72%, respectively
(log-rank chi-squared 59.16; P50.002; Figure 4D). The Fine
and Gray proportional subhazards model demonstrated
that the risk of the primary outcome being death was lower
for the BIA group than for the control group (sHR, 0.51;
95% CI, 0.26 to 0.99), although the groups exhibited no
signiﬁcant differences in other competing events
(Supplemental Figure 3, Supplemental Table 3). The cumulative CVD 3-year mortality was signiﬁcantly lower in
the BIA group than the control group (10% versus 22%; logrank chi-squared 54.65; P50.03; Figure 4F). The analysis
on the per-protocol population (22 patients were excluded
because of poor adherence to treatment regimen)
(Supplemental Figures 4 and 5) was consistent with the
previous results. The technique survival rate was 82% in
the BIA group and 59% in the control group (log-rank chisquared 54.87; P50.03; Figure 4E). However, this result
was not conﬁrmed by the competing risk of technique

Our study demonstrated that the BIA-guided ﬂuid
management presented no signiﬁcant effect on overall
survival and technique survival. However, volume overload control presented as NT-proBNP and decline of
longitudinal ECW/TBW ratio were more favorable in the
BIA-guided group. These ﬁndings suggested that BIA
combined with clinical methods was not superior to the
clinical methods on patient outcomes on the basis of 1-year
intervention.
BIA has been extensively studied and has become a
promising technique for routine monitoring of ﬂuid status
and nutrition in patients receiving dialysis (5,24,25). An
RCT including patients on HD showed that the all-cause
mortality rate of patients managed with BIA guidance was
lower than that of controls after 2.5 years of follow-up
(26,27). In an observational cohort study including PD and
HD populations, the extracellular ﬂuid volume-to-TBW
ratio was a predictor of both all-cause and cardiovascular
mortality, independent of dialysis modality and the presence of other known clinical and biochemical risk factors
(7). In our predesigned 1-year intervention, we did not ﬁnd
any improvement on the prognosis of patients on PD.
Notably, considering the insufﬁcient observation time, we
extended the study period to 3 years after obtaining
informed consent from participants. The exploratory results demonstrated improved hard outcomes in terms of
patient survival and non-CVD survival in the BIA group.
Because this trial was not predesigned for a 3-year followup, the results of our exploratory analyses should be
further investigated in studies with a longer followup period.
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Figure 4. | Survival of BIA arm and control arm. (A) Patient survival by the end of 12-month follow-up. (B) PD technique survival by the end of 12month follow-up. (C) Cardiovascular disease mortality by the end of 12-month follow-up. (D) Patient survival by the end of 3-year follow-up. (E)
Technique survival by the end of 3-year follow-up. (F) Cardiovascular disease (CVD) mortality by the end of 3-year follow-up.

692

CJASN

Table 3. Cardiovascular disease events and adverse event during 1-year observation period
Events
Cardiovascular disease events, n531
Congestive heart failure, n522
Myocardial infarction, n51
Angina pectoris, n52
Cerebral infarction/hemorrhage, n54
Peripheral vascular disease, n52
Adverse event
Hypotension, n50

Control, n5120

BIA, n5120

P Value

13 (10%)
0
1 (1%)
2 (2%)
1 (1%)

9 (8%)
1 (1%)
1 (1%)
2 (2%)
1 (1%)

0.42
0.54
0.94
0.96
0.95

0

0

—

Log-rank test was used to compare the events between two groups. BIA, bioelectrical impedance analysis; —, not applicable.

Unlike the ﬁndings of Tan et al. (10), the control of ﬂuid
overload in our study was more effective and quicker by
BIA-guided ﬂuid management. The advantage of the BIA
method lies in the quantiﬁcation of excess ECW in patients
on dialysis. Meanwhile, the results of body composition
monitoring (muscle, fat, and protein) could be combined
with ﬂuid data to identify the reasons for body weight gain.
However, under certain conditions, such as malnutrition
and loss of cell mass (intracellular water), the ECW/TBW
ratio of patients was .0.4. These patients should not be
managed by increasing ultraﬁltration, as this may result in
dehydration or insufﬁcient perfusion. Therefore, BIA
should be used as an adjunct to clinical methods to obtain
accurate judgment of the hydration status. The Patient
Outcomes in Dialysis study, which compared hydration
measurement results using BIA and traditional clinical
methods in 1092 patients receiving incident PD from 135
PD centers, also showed that BIA should be combined with
traditional clinical methods to judge the hydration status
(28). It is noted that the algorithms to estimate body
composition vary with different BCM devices used. This
study used the InBody720 device in which patient’s weight
and PD ﬂuid weight were not included in its algorithm.
Davenport (29) found that measurements with 720, such as
ECW, intracellular water, and trunk ECW/TBW ratio, were
all higher when dialysate was full rather than empty,
whereas segmental ECW/TBW ratio was only different for
the trunk. This is a study limitation.
Notably, a relatively high proportion of patients did
not reach normovolemic status (45% in the BIA group and
64% in the control group) by 1-year intervention. Compared with patients on HD, those on PD have difﬁculty
reaching and maintaining their dry body weight because
of the dialysis modality per se. Firstly, the ultraﬁltration of
a patient on PD is mainly dependent on the peritoneal
transport feature itself, although it can be adjusted by
dwell time, dialysis dose, and osmotic pressure of PD
solution. Secondly, adherence to doctor’s advices varies
greatly among patients, resulting in difference in sodium
restriction, water intake, and dialysis prescription adherence. Thirdly, icodextrin and automatic PD were unavailable in the study population. Thus, longitudinal
application of BIA along with clinical information may
help identify the ﬂuid overload problem; however,
advanced therapeutic approaches in decreasing volume
expansion are more required to improve the outcomes of
the PD population.

Our previous investigation of the relationship between
overhydration and residual kidney function (RKF) demonstrated that overhydration could lead to a decline in
RKF per se (30). A recent study from Korea showed that
BIA-guided ﬂuid control did not affect RKF of patients on
PD (31). In our cohort, the baseline median urine volume
was only 250 ml and 88 (36%) patients had anuria. After
1-year follow-up, the median urine volume decreased to
100 ml and 110 (63%) patients had anuria, with no
difference between groups. Notably, this trial was not
designed to investigate the change in RKF during the
volume control process, so we could not assert that BIA
has any effect on preservation of RKF. Nonetheless,
intravascular volume depletion should be avoided to
better preserve RKF.
There are several limitations of this study. First, the ratio
of ECW/TBW $0.4 was used to deﬁne overhydration,
which was on the basis of a ﬂuid status measurement in
6520 healthy Koreans, and may not be generalizable to
Chinese patients on dialysis. Moreover, we did not deﬁne
the lower limit of the hydration status on the BIA instrument, which makes it incapable of speciﬁcally indicating volume deﬁciency status. Second, with regard to the
sample size, we underestimated the 1-year patient survival
and the number of events for the primary end point.
Finally, the analysis of change in serum parameters and
clinical assessments (Table 3) was on the basis of data of
patients who were still alive and had not quit the study in
a year, which inevitably induced an issue of missing
value/dropout.
In summary, our results from a 1-year cohort study
demonstrate that BIA-guided ﬂuid management was more
effective to achieve ﬂuid balance than traditional clinical
methods alone, but there was no difference in the outcomes
in terms of patient survival, technique survival, and CVD
mortality. However, a larger study with a longer follow-up
period is warranted to conﬁrm our results.
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