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Abstract

Background: Early fluid management is considered a key element affecting mortality in critically ill patients requir-
ing continuous renal replacement therapy (CRRT). Most studies have primarily focused on patients with intrinsic acute
kidney injury requiring CRRT, although end-stage kidney disease (ESKD) patients generally exhibit greater vulner-
ability. We investigated the association between fluid balance and short-term mortality outcomes in ESKD patients
undergoing chronic hemodialysis and requiring CRRT.

Methods: This retrospective study included 110 chronic hemodialysis patients who received CRRT between 2017
and 2019 at Ewha Womans University Mokdong Hospital. The amounts of daily input and output, and cumulative
3-day and 7-day input and output, were assessed from the initiation of CRRT. The participants were classified into two
groups based on 7-day and 14-day mortalities. Cox regression analyses were carried out on the basis of the amounts
of daily input and output, cumulative input and output, and cumulative fluid balance.

Results: During follow-up, 7-day and 14-day mortalities were observed in 24 (21.8%) and 34 (30.9%) patients. The
patients were stratified into two groups (14-day survivors vs. non-survivors), and there were no significant differences
in demographic characteristics between the two groups. However, diabetes mellitus was more common among sur-
vivors than among non-survivors. Univariate analyses showed that the amounts of daily output at 48, and 72 h, and
3-day cumulative input and output, were significantly associated with 7-day mortality risk regardless of the cumula-
tive fluid balance (HR: 0.28, 95% Cl: 0.12-0.70, p=0.01 for daily output at 48 h; HR: 0.34, 95% Cl: 0.13-0.85, p=0.02

for daily output at 72 h,; HR: 0.72, 95% Cl: 0.61-0.86, p=0.01 for 3-day cumulative input; HR: 0.65, 95% Cl: 0.41-0.90,
p=0.01 for 3-day cumulative output). Adjusted multivariate analyses showed that the lower 3-day cumulative output
is an independent risk factor for 7-day and 14-day mortality.
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warranted.

replacement therapy

Conclusions: In our study, increased cumulative output were significantly associated with reduced short-term mor-
tality risk in chronic hemodialysis patients undergoing CRRT regardless of cumulative fluid balance. Further prospec-
tive studies to investigate the association between fluid balance and mortality in ESRD patients requiring CRRT are

Keywords: Cumulative input, Cumulative output, Short-term mortality, Chronic hemodialysis, Continuous renal

Background

Continuous renal replacement therapy (CRRT) is a
principal intervention in critically ill patients with
acute kidney injury (AKI), following admission to
intensive care unit (ICU). Approximately 4% of criti-
cally ill patients with AKI require renal replacement
therapy [1] and up to 80% of AKI patients undergo
CRRT as the treatment modality [2]. Because criti-
cal illness at admission to ICU and a great burden of
comorbidities contribute to being unable to tolerate
the hemodynamic shifts of conventional hemodialysis,
CRRT is frequently used also in end-stage kidney dis-
ease (ESKD) patients admitted to ICU [2].

Fluid overload is associated with worsening renal
dysfunction, an increased length of ICU stay, and ele-
vated mortality risk [3-5]. Several studies have dem-
onstrated that an increased cumulative fluid balance
is significantly associated with greater mortality risk
in critically ill patients with AKI [3, 4, 6—8]. There-
fore, negative fluid balance has been considered a
basic approach to improve survival rates in critically ill
patients with AKI.

Patients with preexisting ESKD are vulnerable to fluid
overload and common causes of death are cardiovas-
cular disease and sepsis [9, 10], which would require
a large volume of intravenous fluid for initial resus-
citation management. Consequently, ESKD patients
with critical illness would become volume-overloaded,
contradicting to current knowledge regarding fluid
management in patients with AKI. Therefore, we
investigated the association between fluid balance and
mortality in patients with ESKD undergoing chronic
hemodialysis and requiring CRRT.

Methods

Study design and participant

We retrospectively analyzed the medical records of
ESKD patients treated with CRRT following initiation
of chronic hemodialysis at Ewha Womans University
Mokdong Hospital from January 1, 2016 to March 31,
2019. Exclusion criteria were as follows: age <18 years,
first management with renal replacement therapy, death
within 24 h following CRRT initiation, and/or absence of
data regarding fluid status. In patients with >1 admission

to the ICU during hospitalization, only data from the
first ICU admission were analyzed. The flow diagram of
patients enrolled in the study is shown in Fig. 1. In total,
110 patients were included during the study period. Of
these, 8 and 6 patients died at 24—48 h and at 48-72 h
after CRRT initiation, respectively. Therefore, 102
patients with 48 h assessment of fluid status, 96 patients
with 72 h assessment of fluid status, and 86 patients with
7-day assessment of fluid status were analyzed. During
the study period, total 46 patients died and the number of
deaths were accounted for 24/46 (52%) and 34/46 (74%)
within 7 days and 14 days, respectively; after 14 days
from CRRT initiation, the number of deaths was sharply
reduced to 39/46 (84%) within 28 days. Therefore, we
arbitrarily defined 7-day and 14-day mortalities as early
and late mortalities, respectively.

The study protocol was approved by the Institutional
Review Board of Ewha Womans University Mokdong
Hospital (IRB no. EUMC 2020-12-042). Informed con-
sent was waived because of the retrospective nature of
the study, and because the analyses used anonymous
clinical data. All clinical investigations were conducted
in accordance with the 2013 Declaration of Helsinki
guidelines.

Demographic and clinical measurements

All data including demographics, laboratory findings,
fluid status, CRRT data, and clinical information were
recorded at the time of CRRT initiation. Baseline charac-
teristics analyzed in this study were age, sex, body mass
index, comorbidities, cause of hospitalization, Charlson
Comorbidity Index, Sequential Organ Failure Assessment
score, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Glasgow Coma scale (GCS) score,
systolic blood pressure, diastolic blood pressure, and
mean arterial pressure. In addition, the requirements for
mechanical ventilation and vasopressor use were investi-
gated. The prescriptions for CRRT including blood flow
rate, fluid removal rate, dialysate flow rate, replacement
flow rate, and use of anticoagulants were evaluated. Labo-
ratory data were collected at CRRT initiation, while the
estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease equation.
Sepsis was defined based on the Sepsis-II definition [11].
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110 with ESKD on chronic dialysis started CRRT at
Ewha Womans University Hospital from 2016 to 2019

Exclusion (n=8 )

Died between 24 and 48hr after CRRT initiation
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of fluid status

102 subjects were analyzed with 48 hour assessment

Exclusion (n=6)
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fluid status
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Exclusion (n= 10 )
Died between 3-day and 7-day after CRRT initiation
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86 subjects were analyzed with 7-day assessment of

Fig. 1 Flow diagram for patient enroliment

CRRT prescription

The decisions to initiate and discontinue CRRT were
made by nephrologists to ensure that a unified indi-
cation for CRRT could be implemented. The primary
indication was hemodynamically unstable status, while
secondary indications were expert opinions and clinician
requests. Continuous venovenous hemodiafiltration was
the standard mode of CRRT for all enrolled patients. At
Mokdong Hospital, the following settings are considered
standard for CRRT initiation: targeted goal effluent flow
rate, 35 mL/kg/h; the pre-dilution method; blood flow
rate of 150 ml/min at initiation; 1:1 ratio of replacement
and dialysate flow rate. Heparin and nafamostat mesylate
were used as regional anticoagulants. After CRRT ini-
tiation, clinicians monitored the actual delivered CRRT
dose and continuously modified the CRRT prescription
according to each patient’s condition. All patients were
treated with CRRT through a newly cannulated tempo-
rary venous dialysis catheter. Common sites of insertion
were femoral, internal jugular, and subclavian veins.

Fluid assessment

Total fluid intake and output were recorded from initia-
tion to discontinuation of CRRT. The amounts of individ-
ual and cumulative fluid input and output were assessed
for 24, 48, and 72 h, as well as 3 and 7 days from CRRT
initiation. The cumulative fluid balance was also calcu-
lated by subtracting cumulative output from cumulative
input.

Statistical analysis

The patients’ baseline characteristics were compared
using the independent t-test for continuous variables and
the chi-square test for categorical variables. Continuous
variables are presented as the mean + standard deviation,
while categorical variables are presented as numbers and
percentages. The study endpoint was all-cause mortality
at 14 days after CRRT initiation, and patients were classi-
fied into two groups: 14-day survivors vs. non-survivors.
Cox proportional hazard analyses were performed to
predict 14-day mortality on the basis of the input, output,
and cumulative fluid balance amounts at each endpoint.
Significant covariates were identified by univariate analy-
ses, and the clinically relevant variables were selected for
multivariate analyses.

Before all investigations, standard analyses of multicol-
linearity and fit were applied to the regression model. The
calculated variance inflation factors between cumulative
input and output and cumulative fluid balance at 3 and
7 days were <10, which is generally an acceptable range
for predictors without multicollinearity. No correction
for multiplicity of comparisons was performed due to the
exploratory nature of the study. The results were consid-
ered statistically significant when the P value was<0.05.
Corresponding effect sizes were reported as hazard ratios
with 95% confidence intervals (95% Cls). Statistical anal-
yses were performed using the Statistical Package for
the Social Sciences version 18.0 (SPSS Inc., Chicago, IL,
USA).
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Table 1 Baseline Characteristics
Overall (n=110) 14-day survival p-value
Survivor,n=76 Non-survivor, n=34
Demographics
Age 679+114 678+11.1 6821121 0.86
Male, n (%) 71 (64.5) 50 (65.8) 21(61.8) 0.68
Body weight at admission (Kg) 60.9+125 613+11.8 5984140 0.56
BMI at admission (kg/mz) 6094125 234442 225440 0.31
Comorbidities, n (%)
Hypertension 79 (71.8) 58 (76.3) 21(61.8) 0.12
Diabetes 61 (55.5) 47 (61.8) 14(41.2) 0.04
CVDs 46 (41.8) 34(44.7) 12(35.3) 035
Malignancy 19(17.3) 13(17.1) 6(17.6) 0.94
Cause of hospitalization, n (%)
Sepsis 83 (75.5) 55 (72.4) 28 (82.4) 0.26
non-sepsis 27 (24.5) 21(27.6) 6(17.6)
cd 6.7+22 69423 63+19 0.20
SOFA 11.3+34 11.6+36 106429 0.20
GCS 80+40 86+38 64+4.0 0.01
APACHE Il 224468 213466 2474+6.8 0.01
Mechanical Ventilation, n (%) 35(31.8) 24 (31.6) 11(32.4) 0.94

Data were presented as mean =+ standard deviation or number (%). Abbreviation: BMI Body mass index, CVD Cardiovascular disease, CCl Charlson Comorbidity Index,
SOFA, Sequential Organ Failure Assessment, GCS Glasgow Coma Scale, APCHE Il Acute Physiology and Chronic Health Evaluation Il

Results

Baseline characteristics and clinical parameters at CRRT
initiation

The baseline characteristics and clinical and laboratory
parameters at CRRT initiation are shown in Tables 1 and
2. The mean age of study participants at baseline was
67.9+11.4 years and 71 patients (64.5%) were male. All
110 patients were in the ICU at the time of CRRT ini-
tiation, and most (83/110, 75.5%) had sepsis. In total,
35 patients (31.8%) required mechanical ventilation at
the time of CRRT initiation and more than half of the
patients (52.7%) were prescribed vasopressor treatment
due to hemodynamic instability. The overall rate of in-
hospital mortality was 41.8% (46/110). Moreover, 69.1%
of patients (76/110) survived longer than 14 days; the
overall median survival time from CRRT initiation was
7.0 days. Cumulative 7-, 14-, and 28-day mortalities were
21.8%, 30.9%, and 35.5%, respectively.

Patients were stratified into two groups: 14-day sur-
vivors (n=76) and non-survivors (n=34). There were
no significant differences in demographic characteris-
tics (e.g., age, sex, body weight, and body mass index
at admission). However, diabetes mellitus was more
common among survivors than among non-survivors.
Sepsis was a predominant cause for hospitalization
in both groups, and mechanical ventilation was per-
formed in similar proportions of patients. There were

no significant differences in the Sequential Organ
Failure Assessment and Charlson Comorbidity Index
scores, but higher APACHE II and lower GCS scores
were identified in non-survivors. There were no sig-
nificant differences in reported blood pressure at CRRT
initiation, although more non-survivors had received
vasopressor treatment to maintain hemodynamic sta-
bility (70.6% vs. 44.7% in non-survivors and survivors,
respectively). Regarding the CRRT parameters, a sig-
nificantly longer duration of CRRT and larger amount
of fluid removal were prescribed among survivors,
compared to non-survivors. Anticoagulants were more
often prescribed among survivors. Other clinical and
laboratory parameters at CRRT initiation did not sig-
nificantly differ between the two groups (Table 2).

The Comparisons of fluid balance between survivors

and non-survivors

We assessed the cumulative input/output at 24, 48,
and 72 h from CRRT initiation, as well as the cumu-
lative fluid balance at 3 and 7 days after CRRT initia-
tion (Table 3). There were no significant differences in
daily inputs at 24, 48, and 72 h between survivor and
non-survivor groups. Daily outputs at 48 and 72 h were
significantly higher among survivors than among non-
survivors, whereas there was no significant difference
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Table 2 Clinical and laboratory parameters at CRRT initiation
Overall (n=110) 14-day survival p-value
Survivor,n=76 Non-survivor, n =34
SBP, mmHg 11554247 118.0£259 110042111 0.12
DBP, mmHg 67.6+£145 685+154 65.6+£12.1 0.33
MAP, mmHg 83.6+£14.9 85.0+152 804+£14.0 0.13
pulse rate, /min 970+234 9451244 102.5£20.2 0.10
Vasopressor use, n (%) 580 (52.7) 34 (44.7) 24 (70.6) 0.01
Prescription of CRRT
Duration of CRRT, day 6.1+6.7 7075 41+£38 0.01
Fluid removal (ml/hr) 3154476 3724499 1854398 0.04
Dialysate flow rate, mL/h 1020.04+206.8 1036.2+£171.8 983.8£268.8 0.22
Replacement flow rate, mL/h 1170.9+£894.8 1225.7+£1058.7 10485+273.7 0.34
Blood flow rate, mL/min 119.5+30.5 120.7£316 116.8+£28.1 0.54
Anticoagulation use, 60.0 (54.5) 48 (64) 12(353) 0.01
n (%)
Laboratory findings
Creatinine, mg/dL 52422 5224217 5.18+£2.27 0.94
eGFR, mL/min/1.73m? 13.3+£100 13.28£10.78 13.194£7.95 0.96
White blood cells, n/pL 11775 1131652 12.59+951 0.41
Hemoglobin, g/dL 92+£17 9.23£1.59 9.03£19 0.57
Platelets, x 103/pL 143.8+£84.9 142.8+84.16 14591 +£87.63 0.86
PT-INR 22+£56 2.03+£5.76 261£533 0.64
Total bilirubin, mg/dL 1.0+£1.1 091+1.03 113111 0.36
Aspartate aminotransferase, IU/L 183.5+918.1 16833 +£1024.15 217.56+631.24 0.80
Alanine aminotransferase, IU/L 99.14+4715 9554+ 5454 106.794250.34 0.91
Lactic acid, mg/dL 3224395 26.1£29.85 4462452388 0.13
Blood gas analysis
pH 74£0.1 7.37+£0.09 7.38+0.11 0.50
base excess -28+6.3 -2.74+6.26 -2.84+6.54 0.94
Pa02, mmHg 1044£579 105.21+£53.39 10248 +68.16 0.82
PaC02, mmHg 4204277 439343249 3744877 0.27

Data were presented as mean + standard deviation or number (%). Abbreviation: CRRT, Continuous renal replacement therapy, SBP Systolic blood pressure, DBP
Diastolic blood pressure, MAP Mean arterial pressure, eGFR Estimated glomerular filtration rate, PT-INR Prothrombin time-international normalized ratio

in output at 24 h. Compared to non-survivors, survi-
vors had larger amounts of cumulative inputs and out-
puts at 3 and 7 days after CRRT initiation. There were
no significant differences in cumulative fluid balance at
3 and 7 days.

Effects of fluid balance on 7-day and 14-day mortalities

More than half of the deaths were within 7 days after
CRRT initiation (52% of all deaths), and the mortality
rate was reduced at 14 days after CRRT initiation (78%
of all deaths at 14 days; 84% of all deaths at 28 days).
Thus, we compared the effects of fluid balance on 7-day
and 14-day mortality risks. Univariate Cox proportional
hazards analyses were conducted to evaluate the effects
of input/output at 24, 48, and 72 h on mortality risk.
The effects of cumulative input/cumulative output and
cumulative balance fluid at 3 and 7 days on mortality risk

were also evaluated. Tables 4 and 5 show the crude haz-
ard ratios (HRs) for 7-day and 14-day mortalities associ-
ated with various characteristics and amounts of input/
output.

Preexisting diabetes was significantly associated
with reduced 14-day mortality risk (HR: 0.50, 95% CI:
0.25-0.98, p=0.04). A similar tendency was observed
regarding 7-day mortality, although it was not statisti-
cally significant. The presence of sepsis did not influence
7-day or 14-day mortality risks. Vasopressor use was a
predictor for 14-day mortality (HR: 2.45, 95% CI: 1.17-
5.12, p=0.02). Increased GCS and decreased APACHE
II scores were associated with favorable (HR: 0.82, 95%
CI: 0.73-0.93, p<0.001 for GCS in 7-day mortality; HR:
1.08, 95% CI: 1.02-1.15, p=0.01 for APACHE II in 7-day
mortality; HR: 0.87, 95% CIL: 0.79-0.96, p<0.001 for
GCS in 14-day mortality; HR: 1.07, 95% CI: 1.02—1.12,
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Table 3 Comparisons of fluid balance between survivors and non-survivors
14-day survival
Overall Survivor, Non-survivor, p-value
n=76 n=34
24-h input, L 30+£23 32426 27+12 0.31
24-h output, L 16+2.1 19+24 1011 0.05
48-hinput, L 2714 28+14 25£11 0.25
48- hr output, L 18+13 21+£13 10+1.0 <0.001
72-hiinput, L 26+£10 27+£1.1 23+08 0.16
72-h output, L 22+£15 25+15 1.24+09 <0.001
Cumulative input on 3 day, L 71+47 78+5.1 56+29 0.02
Cumulative output on 3 day, L 47+43 57445 23425 <0.001
CFBon3day, L 25+4.1 21+44 33+£33 0.17
Cumulative input on 7 day, L* 11.14+£87 122492 83+66 0.04
Cumulative output on 7 day, L* 79+74 93476 44453 <0.001
CFBon 7 day, L* 31+£58 28+56 47+63 0.21
Data were presented as mean * standard deviation
* Subcohort who survived 7 days or more (n=86)
Abbreviation: CFB C lative fluid balance
Table 4 The associations between clinical parameters and 7-, 14-day mortalities
7-day mortality 14-day mortality
Variable HR 95% ClI p-value HR 95% ClI p-value
Age (per 1 year) 1.00 0.97—1.04 0.93 1.00 0.97—1.03 0.82
sex (male) 0.73 032—1.64 045 0.84 0.42-1.68 0.61
Comorbidities
Diabetes mellitus 045 0.20—1.02 0.05 0.50 0.25—0.98 0.04
Hypertension 043 0.19—0.97 0.04 057 0.28—1.14 011
Cardiovascular disease 0.55 0.23—1.32 0.18 0.70 0.35—142 0.33
Malignancy 0.73 0.27—1.96 0.55 091 037—2.19 0.82
Sepsis 1.69 0.58—4.94 0.31 1.63 0.67—3.93 0.28
Vasopressor use 1.96 0.84—4.58 0.12 245 1.17—5.12 0.02
GCS 0.82 0.73—0.93 <0.001 0.87 0.79—0.96 <0.001
APACHE Il 1.08 1.02—1.15 0.01 1.07 1.02—1.12 0.01
Prescription of CRRT
Duration of CRRT 0.53 0.38—0.74 <0.001 0.90 0.82—0.99 0.04
Fluid removal rate (mL/hr) 0.99 0.98—1.00 0.06 0.99 0.98—1.00 0.06
Use of anticoagulation 1.81 0.80—4.07 0.15 0.40 0.20—0.81 0.01

Abbreviation: HR Hazard ratio, C/ Confidence interval, CFB Cumulative fluid balance, APCHE Il Acute Physiology and Chronic Health Evaluation Il, GCS Glasgow Coma

Scale

p=0.01 for APACHE II in 14-day mortality). Regarding
CRRT parameters, longer duration of CRRT and use of
anticoagulants were associated with better 14-day sur-
vival outcomes. However, the fluid removal rate was
not significantly predictive of 7-day or 14-day mortality
risks.

Increased daily output at 48 and 72 h significantly
lowered both 7-day mortality risks. Cumulative input/

output at 3 day were associated with 7-day mortality,
such that more fluid input led to better survival out-
comes (Table 5). Daily input/output and cumulative
input at 3 day, and cumulative input/output at 7 day
did not affect 14-day mortality, whereas output at 72 h
and cumulative output at 3 day were significantly asso-
ciated with decreased 14-day morality risk (HR: 0.44,
95% CI: 0.23-0.86, p=0.02 for 72 h output; HR: 0.77,
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Table 5 The associations between fluid balance and 7-,14-day mortalities

7-day mortality 14-day mortality
Variables* HR 95% Cl p-value HR 95% Cl p-value
24 hinput 0.67 032—1.40 0.29 0.94 0.67—1.32 0.72
24 h output 0.61 0.31-1.19 0.15 0.73 040—1.33 0.31
48 hinput 1.06 0.70—1.60 0.79 0.83 0.45—1.55 0.56
48 h output 0.28 0.12—0.70 0.01 0.67 038—1.19 0.17
72 hinput 0.26 0.08—0.88 0.03 0.88 0.44—1.75 0.71
72 h output 0.34 0.13—0.85 0.02 044 0.23—0.86 0.02
Cumulative input on 3 day 0.72 0.61—0.86 0.01 1.01 0.89—1.14 0.92
Cumulative output on 3 day 0.65 041—0.90 0.01 0.77 0.64—0.93 0.01
CFBon3day 1.08 0.96—1.21 0.21 1.07 0.96—1.20 0.24
Cumulative input on 7 dayt 1.04 0.99—1.09 0.15
Cumulative output on 7 dayt 1.01 0.94—1.09 0.79
CFBon 7 dayt 1.08 0.98—1.18 0.11

" Per 1L increase

 Subcohort who survived 7 days or more (n =86)

Abbreviation: HR, Hazard ratio, C/ Confidence interval, CFB Cumulative fluid balance

95% CI: 0.64-0.93, p=0.01 for cumulative output at
3 day). However, there were no significant associations
between cumulative fluid balance at 3 and 7 days and
mortality risk.

Subsequently, multivariate Cox regression analyses
were conducted. The hazard ratios of fluid balance
were calculated after adjustment for age, sex, diabetes
mellitus, vasopressor use, CRRT duration, anticoagu-
lant use, and GCS and APACHE II scores, all of which
were significant confounders in the crude model

After stepwise adjustment (model 1, adjusted for age,
sex, history of diabetes, and hypertension; model 2,
additional adjustment for vasopressor use, GCS and
APACHE II scores, anticoagulant use, and CRRT dura-
tion; Table 6), increased cumulative output at 3 day
significantly reduced the 7- and 14-day mortality risks,
but the corresponding cumulative inputs were not. In
the multivariate analysis of 14-day mortality, cumu-
lative input/output at 7 day were not associated with
mortality risk.

Table 6 The adjusted hazard ratio of cumulative input and output for 7-, 14-day mortalities

7-day mortality

14-day mortality

Model 1 Model 2 Model 1 Model 2
HR (95% CI) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Cumulative input on 0.96 (0.79—1.17)  0.71 0.85(0.68—1.06) 0.3 1.01 (0.90—1.13) 092 098 (0.75—1.03) 0.78
3 day
Cumulative outputon3day  0.67 (048—0.93) 0.01 0.66 (047—0.93) 0.04 0.78 (0.64—0.94) 0.01 0.79 (0.65—0.98) 0.03
Model 1 Model 2
HR (95% Cl) p-value  HR (95% Cl) p-value
Cumulative input on 1.05(0.97—1.14) 0.20 1.03(0.94—1.13) 050
7 dayt
Cumulative output on 7 dayt 0.84 (0.79—1.02) 0.09 091 (0.80—1.03) 0.14

" per 1.0 L increase
* Subcohort who survived 7 days or more (n = 86)
Model 1: Adjusted for age, sex, history of diabetes and hypertension

Model 2: Adjusted for age, sex, history of diabetes and hypertension, use of vasopressor, Glasgow Coma Scale, Acute Physiology and Chronic Health Evaluation Il scale,

and duration of CRRT
Abbreviation: HR Hazard ratio, C/ Confidence interval
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Table 7 The comparisons of 7-, 14-day mortalities associated with cumulative input/output by median split
7-day mortality 14-day mortality
HR (95% Cl) p-value HR (95% Cl) p-value
High cumulative input on 3 day 0.81(0.24—0.97) 0.04 1.25 (0.55—3.05) 0.67
(vs. low cumulative input)
High cumulative output on 3 day 0.18 (0.04—0.85) 0.03 0.35(0.14—0.89) 0.02
(vs. low cumulative output)
High cumulative input on 7 day 1.30 (0.48—3.53) 0.60
(vs. low cumulative input)
High cumulative output on 7 day 0.75 (0.29—1.94) 0.55

(vs. low cumulative output)

Abbreviation: HR Hazard ratio, Cl, Confidence interval

Effects of fluid balance on 7-day and 14-day mortalities,
following input and output stratification

Patients were divided into low and high cumulative
input/output groups by median split to evaluate the
effects of input and output on mortality (Table 7). High
levels of cumulative input and output at 3 days were asso-
ciated with reduced 7-day mortality risk, whereas 14-day
mortality risk was related to the cumulative output at
3-days alone. We examined whether input and output
had a combined effect on mortality risk. The patients
were stratified into four groups according to the amounts
of cumulative input and output at 3 and 7 days, and the
group with combined low input and low output was used
as the reference (Table 8). The group with high input and
high output had reduced hazard ratios compared to the
high input/low output and low input/high output groups,
although the differences were not statistically significant.

Discussion

ESKD patients admitted to the ICU may have low effec-
tive arterial blood volume and hemodynamic insta-
bility due to various combinations of sepsis, cardiac
dysfunction, and other underlying diseases. Restoration
of intravascular volume and circulation may require the
administration of large volumes of intravenous fluids.
Moreover, fluid overload (e.g., pulmonary edema, respi-
ration failure, and/or third-spacing) may be present on

ICU admission in ESKD patients on dialysis who are vul-
nerable to poor fluid balance. Thus, clinicians have cho-
sen CRRT as a dialysis option to reduce fluid overload
and secure hemodynamic stability. However, it remains
unclear how to manage volume status by controlling
CRRT input and output in these patients. Although a
number of literatures have been dealing with this issue,
most studies have focused on AKI patients. To our
knowledge, the present study is the first attempt to inves-
tigate fluid balance in ESKD patients undergoing chronic
hemodialysis and requiring CRRT.

The main findings of our study were as follows. First,
early mortality (i.e., 7-day mortality) was associated with
early fluid management, such that 3-day cumulative out-
put produced better survival outcomes in ESKD patients
undergoing CRRT. Following adjustment for confound-
ers, the relationship between early mortality and early
cumulative output remained statistically significant. Sec-
ond, early fluid management reduced late mortality risk
(i.e., 14-day mortality) with a significant effect of 3-day
cumulative output.

Our results were consistent with some, but not all,
previous reports. In the PICARD study, among criti-
cally ill patients with AKI, survivors who required renal
replacement therapy had significantly lower levels of fluid
accumulation at initiation and cessation of dialysis than
non-survivors, despite adjustments for dialysis modality

Table 8 The association between low cumulative input/output and high input/output for 7-,14-day mortality risks

7- day mortality

14-day mortality

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Cumulative Low output High output Low output High output
fluid on 3 day
Low input Reference 0.31(0.35—2.74) 0.30 Reference 0.72 (0.17—3.00) 0.64
High input 1.49 (0.37—5.68) 0.56 0.16 (0.02—1.45) 0.10 249 (0.81—7.63) 0.1 0.50 (0.13—1.85) 0.30

Abbreviation: HR Hazard ratio, C/ Confidence interval
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and severity score [4]. Subgroup analyses of the RENAL
study concluded that a negative fluid balance during
CRRT was associated with an improved survival out-
come in critically ill patients with AKI [12]. Specifically,
a number of studies have directly examined the asso-
ciation between cumulative fluid balance and mortality
among AKI patients receiving CRRT. Ostermann et al.
reported that a decline of cumulative fluid balance was
associated with both ICU mortality and hospital mortal-
ity, whereas cumulative fluid balance at CRRT initiation
was not independently associated with mortality [13].
Ryu et al. postulated that early cumulative fluid balance
was significantly associated with increased early (7-day)
and late (28-day) mortality risks. Moreover, increases in
24- and 72-h cumulative fluid balance were significantly
associated with increases in 7-day and 28-day mortality
regardless of cumulative input. The authors of that study
suggested that the impact of cumulative fluid balance on
mortality may be more dependent on cumulative out-
put [14]. Although their study population consisted of
patients with sepsis requiring CRRT, Uusalo et al. showed
that higher fluid balance during first 72 h of CRRT was
independently associated with hospital mortality in
patients with AKI, even after adjustment for repeated
measures of disease severity over the period when CRRT
was required [15]. Among the patients with AKI, hospi-
tal survivors had a significantly lower cumulative fluid
balance at CRRT initiation compared to non-survivors.
The repeated time-dependent net fluid balance during
the first 72 h after CRRT initiation was associated with
mortality in the univariate counting process model. Even
after careful adjustment for repeated measures of disease
severity, the association between net fluid balance during
the first 72 h of CRRT and hospital mortality remained
significant in critically ill patients with AKI. In our study,
greater cumulative input and output volumes at 3 days
rather than cumulative fluid balance were significantly
associated with better 7-day mortality outcomes. In the
comparisons of mortality risk, in which patients were
stratified into low and high cumulative input/output
groups on day 3, the group with high input and low out-
put tended to have higher 7- and 14-day mortality risks
compared to the reference group (i.e., low input/output)
(Table 8). These observations suggested that fluid balance
of cumulative high input and cumulative low output,
referred to as positive fluid balance, was related to the
increased mortality risk seen in ESKD patients undergo-
ing CRRT, similar to previous studies [13—15]. However,
our study lacked information on volume status at CRRT
initiation in ESKD patients and the actual amount of
fluid overload over the period when CRRT was required,
which limited our ability to compare of mortality risk
with previous studies.
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Notably, cumulative input was suggested to yield
survival benefits in our study. In univariate analysis,
increases in both cumulative input and output at 3 days
were significantly associated with reduced hazard ratios
for 7-day mortality (Table 5). In addition, in comparisons
of mortality risk, the group with high input and high out-
put tended to have lower 7- and 14-day mortality risks
compared to the reference group (i.e., low input/output)
(Table 8). These results should be interpreted cautiously
given the observational design of our study. As a large
amount of fluid was administered for initial resuscitation,
it may have seemed as though there was an increase in
cumulative input at 3 days, even though the amount of
fluid administered was reduced when hemodynamic sta-
bility was achieved. Moreover, the surviving patients who
tolerated the initial round of resuscitation recovered and
ultimately exhibited successful cumulative input/output
in the later period. Naturally increased cumulative input
may have led to a survival benefit in the analysis. There-
fore, rather than unconditionally increasing the input and
output, it is necessary to titrate the input according to the
patient’s needs and ability to tolerate fluid removal, while
simultaneously considering the corresponding increase
in output.

Our results conflict with the findings of some previ-
ous studies. Notably, there were no differences in sur-
vival outcome according to fluid management between
sepsis and non-sepsis patients. Dialysis patients are par-
ticularly susceptible to infections due to uremia-related
immune deficiency, defective phagocytic function, old
age, comorbidities (e.g., diabetes mellitus), and anatomi-
cal abnormalities (e.g., polycystic kidney disease), as well
as repetitive exposures to nosocomial microorganisms
during the normal course of dialysis therapy [16—18].
Vascular access for hemodialysis including the dialysis
catheter, arteriovenous fistula, and graft increases the
risk for infectious complications [19]. ESKD patients
undergoing hemodialysis reportedly have higher sepsis-
related mortality rates, compared to the general popula-
tion, despite adjustments for age, ethnicity, and diabetes
status [20]. In the present study, however, sepsis was not
a predictor for short-term mortality in ESKD patients
requiring CRRT. Patients who died within 24 h immedi-
ately after CRRT initiation were excluded from the study;
thus, the mortality rate from sepsis might have been
underestimated. Moreover, ESKD itself is an independent
predictor for mortality in patients with sepsis [21], and
therefore the impact of sepsis on mortality might have
been masked by the likelihood that patients have con-
comitant life-threatening conditions (e.g., hyperkalemia
and metabolic acidosis).

In our study, non-survivors had significantly higher
APACHE II scores, compared to survivors; the difference
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in APACHE 1II scores between sepsis and non-sepsis
patients was not statistically significant (Supplemen-
tary Table 1). Moreover, the survival outcomes were
unaffected by age and sex, whereas previous studies
have shown associations of older age and male sex with
adverse outcomes. Notably, the presence of uncompli-
cated acute respiratory failure requiring mechanical ven-
tilation was not related to mortality risk in this study. The
integrated effect of clinical profile at the time of CRRT
initiation was presumably more important for predicting
mortality, rather than a single evaluation parameter.
There were several limitations to this study. First, it
was retrospective and conducted at a single center with
a relatively small sample size. Thus, selection bias was
not completely excluded, and the results may not be
generalizable to patients of other ethnicities. Regard-
less, we minimized bias throughout the study by our
statistical analysis approach. Second, the baseline
fluid balance prior to commencement of CRRT was
not available for the analysis. Initial volume status on
admission to ICU or CRRT initiation would be impor-
tant factors related CRRT outcomes [22], but limited
data has impeded the precise understanding of the rela-
tionship between fluid balance and mortality in ESKD
patients requiring CRRT. Third, we investigated the
relationship between fluid balance and short-term mor-
tality but not other outcomes (e.g., hospital mortality or
1-year mortality). Accordingly, a long-term follow-up
study is needed to clarify the effects of fluid manage-
ment. Finally, the study design was non-interventional,
and the observed association between fluid balance and
outcome does not constitute a causal relationship.

Conclusion

Our study highlighted the importance of early fluid
management during CRRT in chronic hemodialy-
sis patients undergoing CRRT. Increased cumulative
output was significantly associated with reduced early
mortality risk in chronic hemodialysis patients under-
going CRRT regardless of cumulative fluid balance.
Further studies are necessary to confirm the associa-
tions between fluid balance and mortality in chronic
dialysis patients requiring CRRT.
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