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Background: Fluid overload prior to continuous renal replacement therapy (CRRT) is an important prognostic factor. Thus, precise
evaluation of fluid status is necessary to treat such patients. In this study, we investigated whether fluid assessment using bioelectrical
impedance analysis (BIA) can predict outcomes in critically ill patients requiring CRRT.
Methods: A prospective observational study was performed in patients who were admitted to the intensive care unit and who required CRRT. BIA was conducted before CRRT; then, the ratio of extracellular water to total body water (ECW/TBW) was derived to estimate volume status.
Results: A total of 31 patients treated with CRRT were included. There were 18 men (58.1%), and the median age was 67 years (interquartile range, 51 to 78 years). Fourteen patients (45.2%) died within 28 days after CRRT initiation. Patients were divided into 16
with ECW/TBW ≥0.41 and 15 with ECW/TBW <0.41. Survival rate within 28 days was different between the two groups (P = 0.044).
Cox regression analysis revealed a relationship between ECW/TBW ≥0.41 and 28-day mortality, but it was not statistically significant
(hazard ratio, 3.0; 95% confidence interval, 0.9 to 9.8; P = 0.061). Lastly, the area under the curve of ECW/TBW for 28-day mortality was
analyzed. The area under the curve of ECW/TBW was 0.73 (95% confidence interval, 0.54 to 0.92), and this was significant (P = 0.037).
Conclusions: Fluid status can be assessed using BIA in critically ill patients requiring CRRT, and BIA can predict mortality. Further
large trials are needed to confirm the usefulness of BIA in critically ill patients.
Key Words: critical illness; electric impedance; mortality; renal replacement therapy.

Introduction
Acute kidney injury (AKI) is a common complication in patients admitted to the intensive care unit (ICU); it is estimated to occur in 30%–50% of admissions [1]. Compared to individuals with stable kidney function, AKI patients
have poor outcomes, particularly those receiving renal replacement therapy [1,2]. Among modalities of renal replacement therapy, continuous renal replacement therapy (CRRT) is preferred in the ICU setting because it is best suited for
hemodynamically unstable patients with multiple organ failure. Previous studies have investigated the impact of CRRT
timing on outcomes, but no significant results were reported [3,4]. In contrast, volume status in AKI patients appears to
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have significant effects on outcome [5-7]. Fluid accu-

between February and November in 2014 in a 750-bed

mulation can result in multiple organ failure and death;

tertiary referral center in Seoul, Korea. AKI was defined

thus, aggressive volume control using diuretics or renal

as an abrupt loss of kidney function requiring CRRT

replacement therapy is suggested in critically ill patients

that developed within 7 days. The study included adult

with AKI.

patients (aged ≥18 years) who were admitted for medical

Precise assessment of volume status is necessary to

illness. We excluded patients who had received kidney

maintain euvolemic status. Approaches such as monitor-

transplantation or who had been treated with hemodialy-

ing changes in body weight or central venous pressure

sis or peritoneal dialysis for end-stage renal disease. A

are frequently used, but have poor sensitivity [8,9].

total of 73 patients were eligible. Of those, 31 patients

Therefore, researchers have attempted to find an ideal

were included in the study; 42 patients who did not wish

method to determine volume status. Laboratory tests

to participate in this study or for whom BIA was not per-

including assessment of brain natriuretic peptide (BNP)

formed were excluded.

and N-terminal pro-BNP levels, which reflect cardiac

The study was performed according to the Helsinki

reactions to volume load, have been used to assess

Declaration and was approved by the institutional review

hydration status [10]. However, various studies have

board (No. C2012195[890]) of Chung-Ang University

challenged the utility of BNP for assessment of volume

Hospital where the study was performed. Written in-

status and predicting outcomes [11-13]. Bioelectrical im-

formed consent was obtained from all eligible patients

pedance analysis (BIA) is a promising noninvasive and

or next of kin before enrollment. Because this study was

convenient method for assessing volume status [14,15].

observational, the treatment protocol, including CRRT

Previous studies have suggested that, in hemodialysis

and medication, was not changed regardless of enroll-

patients, volume status management using BIA could be

ment.

achieved, and blood pressure might be improved [14,15].
Nevertheless, few studies have investigated the usefulness of BIA in critically ill patients, and more data are

2) CRRT protocol
CRRT was initiated by decision of the nephrologist if

needed to demonstrate the associations between param-

patients who could not bear intermittent hemodialysis

eters obtained from BIA and outcomes for clinical appli-

due to unstable vital signs, refractory pulmonary edema,

cation.

intractable hyperkalemia or metabolic acidosis, uremic

In this prospective observational study, we identified

symptoms including pericarditis and encephalopathy, or

AKI patients who required CRRT and evaluated the de-

oliguria with progressive azotemia. Continuous hemodi-

gree of volume overload as the ratio of extracellular wa-

afiltration was carried out using a Prisma (Baxter, Lund,

ter to total body water (ECW/TBW) obtained from a seg-

Sweden) or Prismaflex machine with a high flux hemofil-

mental, multifrequency BIA device, which seems to be

ter (ST100, Baxter) and dialysate and replacement fluids

more accurate than whole-body BIA [16]. We then inves-

(Hemosol B0, Baxter). Anticoagulation was conducted

tigated the utility of ECW/TBW for predicting outcomes

with nafamostat mesilate (SK Chemicals, Seoul, Korea).

in CRRT patients in comparison with other variables.

The target dose of CRRT was 40 ml/kg/h.

Materials and Methods

3) Volume status analysis
Body composition was assessed using a segmental
and multifrequency BIA device (Inbody S10; Biospace,

1) Patients
Patients who needed CRRT for AKI were screened

Seoul, Korea) before CRRT initiation. Eight electrodes
were placed on the surface of the thumb, fingers of the
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hand, and ball of the foot and heel with the patient in the

using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).

supine position. We collected ECW and TBW data from

A two-sided P-value <0.05 was considered to be signifi-

BIA and then calculated ECW/TBW to estimate the vol-

cant.

ume status of subjects.
4) Data collection
All data were collected from electronic medical re-

Results

cords. Baseline demographic and clinical data included
age, sex, comorbidities, causes of admission, reasons for

1) Baseline characteristics
A total of 31 ICU patients receiving CRRT were ana-

AKI, and CRRT indications. Body weight was measured

lyzed in this study. There were 18 men (58.1%), and the

by a bed scale before conducting BIA and CRRT. Labo-

median age was 67 years (interquartile range, 51 to 78

ratory findings at CRRT initiation included hematocrit,

years). Of the included patients, 14 (45.2%) died within

albumin, C-reactive protein, lactate, BNP, and total car-

28 days after CRRT initiation. We compared characteris-

bon dioxide (CO2). To calculate the Sequential Organ

tics between 17 survivors and 14 non-survivors to deter-

Failure Assessment (SOFA) score, related parameters

mine factors associated with mortality (Table 1). There

were also collected [17]. All available intake and output

were no differences in age, sex, comorbidities, causes

data between ICU admission and CRRT initiation were

of admission, etiologies of AKI, or CRRT indications

collected. Intake was composed of oral and parenteral

between these two groups. Total SOFA score, daily fluid

fluid administered, and output included urine, gastroin-

balance, and serum albumin level differed between sur-

testinal losses, and drains. Using these data, cumulative

vivors and non-survivors (P = 0.040, P = 0.048, and P =

and daily fluid balance was calculated from ICU admis-

0.007, respectively). In addition, ECW/TBW was lower

sion to CRRT initiation. Oliguria was defined if urine

in survivors than in non-survivors (0.40; interquartile

output for 24 hours before CRRT was under 400 ml/d.

range, 0.40 to 0.42 vs. 0.42; interquartile range, 0.41 to
0.44; P = 0.044).

5) Statistical analysis
Continuous variables were expressed as median (interquartile range) and were compared using the Wilcoxon

2)	Relationship between BIA-assessed volume status

rank-sum test. Categorical variables were expressed as

and mortality
Survival rate was compared between the two groups.

number (percentage) and were compared between groups

Figure 1 shows the results of survival analysis. As

using the chi-square test. To investigate whether volume

shown, less hydrated patients had a better survival rate

status can influence outcomes, patients were divided into

than the more hydrated patients (P = 0.044). The 28-

two groups using an ECW/TBW of 0.41 as the cutpoint,

day survival rate was 73.3% in patients with ECW/TBW

which was the approximate median value. Cumulative

<0.41 and 36.0% in those with ECW/TBW ≥0.41.

incidence of death from initiation of CRRT was esti-

To determine the hazard ratio (HR) for mortality, sev-

mated by the Kaplan-Meier method and was compared

eral variables, including ECW/TBW, were analyzed by Cox

between groups using the log-rank test. Cox regression

regression analysis (Table 2). Age, sex, and oliguria were not

analyses were conducted to investigate the associations

associated with mortality (P = 0.577, P = 0.810, and P = 0.440,

between variables and mortality. In addition, we evalu-

respectively). Total SOFA score and daily fluid balance were

ated the receiver operating characteristics (ROC) curve

also not related to mortality, despite weak associations (HR,

for predicting mortality and determined the area under

1.2; 95% confidence interval [CI], 1.0 to 1.6; P = 0.079 and

the curve (AUC). All statistical analyses were performed

HR, 1.3; 95% CI, 1.0 to 1.7; P = 0.072). Serum level of
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Table 1. Baseline characteristics of AKI patients who received CRRT
Variable

Survivor (n = 17)

Non-survivor (n = 14)

P-value

Age (yr)

67 (42–78)

69 (53–79)

0.653

Male

10 (58.8)

8 (57.1)

0.925

Hypertension

7 (41.2)

4 (28.6)

0.707

Diabetes

6 (35.3)

7 (50.0)

0.409

Liver disease

3 (17.6)

4 (28.6)

0.671

Heart failure

3 (17.6)

2 (14.3)

1.000

Infection

9 (52.9)

9 (64.3)

Cardiovascular

2 (11.8)

3 (21.4)

Gastrointestinal

4 (23.5)

1 (7.1)

Others

2 (11.8)

1 (7.1)

1 (0–3)

1 (1–3)

Comorbidity

Reason for admission

Duration from ICU to CRRT (d)

0.560

Cause of AKIa

0.246
0.603

Septic

9 (52.9)

9 (64.3)

Cardiorenal

1 (5.9)

2 (14.3)

Ischemic

4 (23.5)

2 (14.3)

Hepatorenal

2 (11.8)

Others

1 (5.9)

1 (7.1)

Pulmonary edema

8 (47.1)

8 (57.1)

0.576

Hyperkalemia

3 (17.6)

4 (28.6)

0.671

Metabolic acidosis

7 (41.2)

8 (57.1)

0.376

Uremic symptom

6 (35.3)

5 (35.7)

0.981

Respiratory

3 (2–3)

3 (3–3)

0.518

Cardiovascular

3 (0–4)

3 (1–4)

0.421

Nervous

2 (1–4)

4 (3–4)

0.026

Liver

0 (0–1)

0 (0–2)

0.493

Coagulation

1 (0–2)

1 (0–2)

0.518

0

CRRT indication

SOFA score

Renal

3 (2–4)

2 (1–3)

0.186

Total

11 (8–13)

14 (11–15)

0.040

10 (71.4)

0.461

Oliguria (<400 ml/d)

9 (52.9)

Daily fluid balance (L/d)

1.3 (0.4–2.9)

2.3 (1.8–3.7)

0.048

Cumulative fluid balance (L)

2.2 (0.5–5.1)

5.9 (4.3–7.5)

0.008

31.1 (24.1–41.3)

28.8 (26.4–33.6)

0.769

Hematocrit (%)
Albumin (g/dl)
CRP (mg/L)
Lactate (mmol/L)
BNP (pg/ml)

2.9 (2.6–3.5)

2.3 (2.1–2.8)

0.007

129.0 (64.6–151.4)

129.1 (67.0–216.0)

0.681

1.8 (1.0–5.2)

3.0 (2.1–8.4)

0.053

122.5 (75.5–830.7)

570.4 (130.3–807.6)

0.201

Total CO2 (mmol/L)

15.5 (12.1–20.5)

13.9 (10.7–17.0)

0.316

ECW/TBW

0.40 (0.40–0.42)

0.42 (0.41–0.44)

0.044

Values are presented as median (interquartile range) or number (%).
AKI: acute kidney injury; CRRT: continuous renal replacement therapy; ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment; CRP: C-reactive protein;
BNP: brain natriuretic protein; CO2: carbon dioxide; ECW/TBW: the ratio of extracellular water to total body water.
a
AKI refers to an abrupt loss of kidney function requiring CRRT that develops within 7 days.
https://doi.org/10.4266/kjccm.2017.00136
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100

Survival rate (%)

80
60
40
20
0
Number at risk
ECW/TBW <0.41
ECW/TBW ≥0.41

15
16

P = 0.044

ECW/TBW <0.41
ECW/TBW ≥0.41

7

14
Time (d)

21

28

13
11

12
8

12
6

12
5

Table 2. HRs for 28-day mortality in AKI patients who received
CRRT
P-value

Age

1.0 (1.0–1.0)

0.577

Sex

0.9 (0.3–2.5)

0.810

SOFA

1.2 (1.0–1.6)

0.079

Daily fluid balance

1.3 (1.0–1.7)

0.072

Lactate

1.1 (1.0–1.3)

0.060

BNP (>500 pg/ml)

1.7 (0.6–4.9)

0.331

ECW/TBW (≥0.41)

3.0 (0.9–9.8)

0.061

HR: hazard ratio; AKI: acute kidney injury; CRRT: continuous renal replacement
therapy; SOFA: Sequential Organ Failure Assessment; BNP: brain natriuretic
protein; ECW/TBW: the ratio of extracellular water to total body water.

lactate and BNP at the time of CRRT initiation did not
predict mortality (P = 0.060 and P = 0.331, respectively).
Patients with ECW/TBW ≥0.41 had decreased survival
rates, but the difference was not statistically significant

100
80
Sensitivity (%)

HR (95% confidence
interval)

Variable

Figure 1. Survival rate according
to volume status in critically ill
patients who received continuous
renal replacement therapy. Survival rate was compared between the
two groups. As shown, patients
with ECW/TBW ≥0.41 had a lower
survival rate than those with ECW/
TBW <0.41 (P = 0.044). Survival
rate after 28 days was 73.3% in
less hydrated patients and 36.0%
in more hydrated patients. ECW/
TBW: the ratio of extracellular water to total body water.

60
40

P = 0.037

20
ECW/TBW
0

20

40
60
100-Specificity (%)

80

100

Figure 2. Receiver operating characteristics curve of volume
status estimated by bioelectrical impedance analysis. ECW/TBW
appeared to have the potential to predict mortality (P = 0.037).
The area under the curve of ECW/TBW for 28-day mortality was
0.73 (95% confidence interval, 0.54 to 0.92) in this study. ECW/
TBW: the ratio of extracellular water to total body water.

(HR, 3.0; 95% CI, 0.9 to 9.8; P = 0.061).
respectively. In addition, the ROC of ECW/TBW at the
3) Using ECW/TBW to predict mortality
We evaluated the ROC curve to identify variables that

time of CRRT initiation was estimated (Figure 2). The

predicted mortality. Among various factors, total SOFA

for mortality (P = 0.037). An optimal cutoff was 0.413,

score, daily fluid balance, and serum level of lactate

which showed a sensitivity and specificity of 71.4% and

predicted mortality. The AUC of these was 0.73 (95%

70.6%, respectively.

AUC of ECW/TBW was 0.73 (95% CI, 0.54 to 0.92)

CI, 0.53 to 0.92; P = 0.039), 0.75 (95% CI, 0.56 to 0.93;
P = 0.025), and 0.75 (95% CI, 0.57 to 0.93; P = 0.024),
https://doi.org/10.4266/kjccm.2017.00136
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critically ill patients has not been widely explored [26,27].

Discussion

In this study, we investigated the utility of BIA to assess

In this prospective observational study, we investigated

volume status in AKI patients who receive CRRT.

the utility of using BIA to assess volume status as the

The principle underlying BIA is the analysis of the

ratio of ECW/TBW in critically ill patients receiving

vectors of resistance and reactance resulting from the

CRRT. Non-survivors had a relatively higher ECW/TBW

passage of electric currents of low amplitude and low

than survivors. In addition, we evaluated the ability of

and high frequencies through an organism [28,29]. Sev-

ECW/TBW to predict mortality, and patients who had a

eral parameters including intracellular water, ECW, and

higher ECW/TBW had increased risk of 28-day death,

TBW are derived from analysis of these resistance and

and the HR for death was considerable (HR, 3.0; 95% CI,

reactance vectors. ECW/TBW is a simple-to-measure,

0.9 to 9.8), albeit without statistical significance. Last,

straightforward parameter that allows determination of

we explored the ROC curve and found that the AUC of

the degree of hydration because excess volume accumu-

ECW/TBW was 0.73 (95% CI, 0.54 to 0.92) for predict-

lates primarily as ECW [30]. The present study randomly

ing 28-day mortality in patients receiving CRRT.

used the approximate median value, ECW/TBW of 0.41,

Fluid accumulation has been identified as an indepen-

as the cutoff point to divide patients into two groups.

dent risk factor for death in patients with AKI [5,6,18,19].

Although the comparisons according to the ECW/TBW

Furthermore, a previous study showed that an excessive-

showed significant differences, this ratio is not an abso-

ly positive fluid balance prior to CRRT can result in or-

lute cutoff for defining volume overload because it can

gan failure and death in critically ill patients who receive

be affected by various factors including age, sex, and

CRRT [7]. Volume status needs to be monitored before

comorbidities [20,30]. Given this problem, further stud-

deciding on fluid therapy. However, isotope dilution,

ies are needed to establish an optimal cutoff value for

the gold-standard method to determine volume status, is

diagnosing volume overload in ICU patients.

difficult to perform in clinical practice [20]. In addition,

We investigated whether volume status assessed by

traditional clinical approaches such as monitoring body

BIA could predict mortality. We evaluated the time to

weight or central venous pressure are known to have

28-day mortality and found worse outcomes in more hy-

poor sensitivity [8,9]. This study comprised 22 patients

drated patients compared to less hydrated patients. That

whose central venous pressure was measured, but we

is, fluid balance before CRRT initiation might be better

found that these values did not predict mortality in the

in patients with lower ECW/TBW than those with higher

ROC curve (AUC, 0.72; P = 0.082). Fluid balance be-

ECW/TBW, which could determine the results, although

tween the input and output is widely used in practice. Al-

CRRT indications such as pulmonary edema did not

though this study again confirmed that fluid balance was

differ. However, Cox regression analysis did not show

associated with mortality, an assessment of fluid balance

a relationship between higher ECW/TBW and higher

using input and output data could be incorrect, especially

mortality due to small sample size, although it trended in

in ICU patients [21,22]. Thus, various other methods

the predicted direction. Additionally, we drew an ROC

have been explored. Level of BNP has been used to as-

curve and obtained a significant AUC of ECW/TBW for

sess volume status [10], but previous reports found that

predicting mortality. This result also shows that the ratio

BNP level did not predict outcomes [11-13], similar to

might be comparable to daily fluid balance, SOFA score,

our findings. BIA is a promising method to assess fluid

and serum lactate level which are known as predictors

status because it allows analysis of body composition and

for mortality [6,7,18,31,32], although interactions could

has the advantages of safety, convenience, noninvasive-

occur. Previous studies have investigated the usefulness

ness, and low cost [14,15,23-25]. Nevertheless, its role in

of BIA in critically ill patients with or without AKI and
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have suggested that BIA can be a reliable method to
determine fluid status and to predict outcomes [33-35].
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