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Abstract

Purpose Perioperative positive fluid balance has negative effects on short-term outcomes, such as surgical complications,
although the associations with postoperative mortality remain unclear. This study evaluated the associations of periopera-
tive fluid balance (FB) with 30-day mortality and acute kidney injury (AKI) after postoperative intensive care unit (ICU)
admission.

Methods This retrospective study evaluated data from adult patients who were admitted to the ICU after surgery during
2012-2016. Weight-based cumulative FB (%) was calculated for 3 time periods [postoperative day (POD) 0 (24 h), 0-1
(48 h), and 0-2 (72 h)] and was categorized as positive (>5%), mild to moderate positive (5-10%), severe positive (> 10%),
normal (0-5%), or negative (<0%).

Results Data from 7896 patients were included in the analysis. The multivariable Cox regression model revealed that
increased 30-day mortality was associated with positive FB groups (>5%) compared to normal FB groups (0-5%) during
3 time periods [hazard ratio (HR) on POD 0 (24 h): 1.87, HR on POD 1 (48 h): 1.91, and HR on POD 2 (72 h): 4.62, all
P <0.05]. These trends were more evident in the severe positive FB group across the three time periods. Additionally, similar
association was found for incidence of AKI during POD 0-2.

Conclusion Perioperative cumulative weight-based FB was positively associated with increased postoperative 30-day mortal-
ity or postoperative AKI in ICU patients; this association was consistent with the positive FB on POD 0 (24 h), 0—1 (48 h),
and 0-2 (72 h).
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Introduction

Perioperative fluid management can affect perioperative
outcome [1], and several fluid management strategies have
been studied in the clinical setting [2]. The most com-
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4 mL/kg/15 min-30 mL/kg/3 h) [9], late conservative fluid
management (defined as 2 consecutive negative FBs) [10],
and late goal-directed fluid removal [11-13]. Thus, the opti-
mal fluid management strategy remains controversial, and
there are insufficient studies regarding the outcomes of these
strategies.

Compared to patients admitted to a general ward, patients
admitted to the intensive care unit (ICU) after surgery are
in a critical condition [14]. Further, approximately 40% of
patients admitted to the ICU after surgery are in a state of
fluid overload [15], which might be associated with poor sur-
gical and short-term outcomes [16, 17]. However, few stud-
ies have evaluated perioperative fluid management among
only patients admitted to the ICU after surgery. Previous
studies have analyzed cumulative FB based on input and
output values, although recent studies have used calculations
for fluid overload that were based on the patient’s weight at
admission [18, 19]. Those analyses calculated cumulative
FB as a percentage of body weight and are useful for criti-
cally ill patients who require careful fluid management [17,
18, 20].

The present study aimed to determine whether weight-
based perioperative cumulative FB was associated with
30-day mortality or acute kidney injury (AKI) among
patients who were admitted to the ICU after surgery.

Methods

This retrospective study was approved by the institutional
review board (IRB) of the Seoul National University Bun-
dang Hospital (SNUBH; B-1806/474-105). Because this was
a retrospective review of patient medical records informed
consent was waived by the IRB. The SNUBH is a 1360-
bed tertiary care hospital with 4 ICUs (medical, surgical,
emergency, and neurologic ICUs) consisting of 102 beds.
Approximately 150 surgeries are performed each day across
36 operating rooms. After surgery, patients are generally
sent to the surgical, emergency, or neurologic ICUs, where
3 intensivists provide day-time postoperative care.

Patients

The medical records of all adult patients (> 19 years old)
who were admitted to an ICU after elective or emergency
surgery between January 1, 2012 and June 30, 2016 were
evaluated for this study. The exclusion criteria were as fol-
lows: incomplete medical records, patients with preopera-
tive heart failure (left ventricle ejection fraction of <45%),
and patients who died on postoperative day (POD) 0-3 (first
72 h), as the cumulative FB could not be calculated for those
patients. If a patient underwent 2 or more surgeries and was

admitted to the ICU 2 or more times, only most recent ICU
admission was included in the analysis.

Main independent variables: cumulative FB (%)
on POD 0 (24 h), 0-1 (48 h), and 0-2 (72 h)

Cumulative FB was calculated as a percentage for all
included patients across 3 time periods: POD 0 (24 h;
include intraoperative FB), POD 0-1 (48 h), and POD 0-2
(72 h) Based on previous studies [18, 19], we calculated the
cumulative FB (%) as follows:

Cumulative FB (%) = (fluid input — output in liters)

x_(hospital admission weight in kilograms)™' x 100%.

For example 10% positive in a patient whose body weight
was 50 kg means 5000 mL positive FB. Fluid input was
defined as all types of intravenous and enteral fluids that
were used for maintenance or resuscitation (e.g., colloids,
crystalloids, blood products, drug infusions, enteral nutri-
tion, and parenteral nutrition). Fluid output was defined
as all types of eliminated and removed fluids (e.g., drains,
rectal, orogastric, nasogastric, and urine output). Weight
measured on hospital admission (kg) before surgery was
measured using digital scales for patients who could stand
by themselves and hospital beds with a weighing function
for patients who could not stand.

All patients were subsequently categorized based on their
cumulative FB; the categories were as follows: positive FB
(>5%), normal FB (0-5%), or negative FB (<0%). In addi-
tion, the positive FB group was divided into 2 groups, mild
or moderate positive FB (5-10%) and severe FB (> 10%),
based on previous definitions [21]. During the study period,
there was no specific protocol for fluid management in the
ICU for ICU physicians.

Potential covariates (measurements)

This study collected data regarding the following variables:
sex, age, body mass index (kg/m?), preoperative American
Society of Anesthesiologists classification, Acute Physiol-
ogy and Chronic Health Evaluation II score at ICU admis-
sion, preoperative comorbidities [hypertension, diabetes,
ischemic heart disease (stable angina to myocardial infarc-
tion), cerebrovascular disease, and chronic kidney disease],
type of surgery (cardiac/non-cardiac surgery), diagnosis
of cancer, emergency surgery, estimated blood loss (mL),
operative time (min), the duration of ICU and hospital stay
(days), and treatment in the ICU on POD 0-2 (total input of
0.9% NaCl, balanced crystalloid, and hydroxyethyl starch,
renal replacement therapy, ventilator care, and vasopressors
use).
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Dependent variables (30-day mortality, acute
kidney injury) and aim of the study

The primary outcome of this study was defined as the associ-
ation between 30-day mortality and cumulative FB on POD
0 (24 h), POD 0-1 (48 h), and POD 0-2 (72 h), following
postoperative ICU admission. In addition, the effect of tim-
ing of cumulative FB [early: POD 0 (24 h) and late: POD
0-2 (72 h)] on the association with 30-day mortality was
analyzed. Secondary outcome of this study was defined as
the association between incidence of AKI during POD 0-2
(72 h) and cumulative FB on POD 0 (24 h), POD 0-1 (48 h),
and POD 0-2 (72 h), following postoperative ICU admis-
sion. For diagnosis of AKI, this study followed the criteria
of Kidney Disease: Improving Global Outcomes (creatinine
only) (Online Resource 1) [22].

Statistical analysis

The demographic characteristics of the 3 groups (positive,
normal, and negative FBs) were compared using the Chi
square test for categorical variables and one-way analysis
of variance for continuous variables. The simple relation-
ship between cumulative FB during the 3 perioperative peri-
ods (POD 0, POD 0-1, and POD 0-2) was evaluated using
restricted cubic splines. Then, univariable Cox regression
analysis was performed for 30-day mortality and covariates
with P <0.1 in the univariable Cox regression model were
included in the final multivariable Cox regression analy-
sis. Log-minus-log plots were used to investigate whether
the central assumption of Cox proportional hazards model
was satisfied, and the results were reported as hazard ratios
(HRs) and 95% confidence intervals (Cls). For secondary
outcome (AKI), univariable logistic regression analysis
was performed and covariates with P <0.1 in the univari-
able logistic regression model were included in the final
multivariable logistic regression analysis. The results of the
logistic regression model were reported as odds ratios (OR)s
and 95% Cls. Differences with a P value of <0.05 were con-
sidered statistically significant. All analyses were performed
by statisticians from the Medical Research Collaborating
Center in SNUBH using IBM SPSS software (version 23.0;
IBM Corp., Armonk, NY, USA).

Results

During the study period, 9171 adult patients underwent
10,475 surgeries and were admitted to the ICU. A total of
1304 cases of postoperative ICU admissions were excluded
due to repeated admissions from patients previously admit-
ted to the ICU during the study period. In these instances,
only the most recent admission for each patient was included
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in the analysis. Next, we excluded 168 patients who died on
POD 0-3 (first 72 h), 1096 patients who had inaccurate or
missing medical records, and 11 patients with preoperative
heart failure (left ventricle ejection fraction of <45%). Thus,
7896 patients were included in the final analysis (Fig. 1).
The patients were categorized into positive (>5%), normal
(0-5%), and negative (<0%) FB groups based on values
calculated during POD 0 (24 h), 0-1 (48 h), and 0-2 (72 h)
(Table 1). The demographic and clinical data of patients
according to cumulative FB groups, as calculated on POD
0-2 (72 h), are shown in Table 2. A total of 330 patients died
in the 30 days following ICU admission (4.2%) and shown
in Online Resource 2, and 30-day mortality according to the
type of surgery performed is presented in Online Resource 3.

Thirty-day mortality after postoperative ICU
admission

The relationship between 30-day mortality after surgical
ICU admission and cumulative FB on POD 0 (24 h) (A),
0-1 (48 h) (B), and 0-2 (48 h) (C) is shown in Fig. 2. The
log odds of 30-day mortality according to cumulative FB
during the 3 time periods increased with an increase in the
cumulative FB.

Online Resource 4 shows the results of the univariable
Cox regression analysis for 30-day mortality. Table 3 shows
the results of the multivariable Cox regression analysis for
30-day mortality, adjusted for covariates with P <0.1 in the
univariable Cox regression model. Compared to normal FB
groups, positive associations with 30-day mortality were
seen for mild or moderate positive FB groups (5-10%) on

January 1, 2012 — June 30, 2016
9,171 patients (10,475 ICU admissions)

Exclusion (n = 1,304 admissions)
""""""" #| - Multiple admissions (> 2) of one
patients

1%t sereend
9,171 patients

Exclusion (n = 1,275 patients)

- 168 patients who died in POD 0-2 (72h)

- 1,096 patients who had inaccurate or
missing medical records

- 11 patients with preoperative heart
failure (left ventricle ejection fraction
of < 45%)

Included in final analysis
7,896 patients

Fig. 1 Flow chart for patient selection. ICU, intensive care unit; POD,
postoperative day
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Table 1 Classification of
three groups (positive > 5%,

0 <normal < 5%, negative <0%)
by three criterias [POD 0 (24 h),
POD 0-1 (48 h), POD 0-2

(72 h)]

Variables Fluid balance (total patients, n=7896) Median Interquartile range
Fluid balance in POD 0 (24 h) Positive (n=2837): input—output, mL 3973.3  3311.2to 5097.2
Fluid balance, % 6.8 5.7t08.7
Normal (n=5536): input—output, mL 979.8 502.2to 1627.1
Fluid balance, % 1.6 0.8t02.7
Negative (n=1523): input—output, mL.  —510.0 —990.2 to —216.7
Fluid balance, % -08 -16t0-03
Fluid balance in POD 0-1 (48 h)  Positive (n=_858): input—output, mL 3910.6  3272.8 to 5049.3
Fluid balance, % 6.7 5.7t08.7
Normal (n=5422): input—output, mL 999.5 535.0to 1652.0
Fluid balance, % 1.7 08t02.7
Negative (n=1616): input—output, mL. —528.7 —1.6to—-0.4
Fluid balance, % -09 -16t0-04
Fluid balance in POD 0-2 (72 h)  Positive (n=229): input—output, mL 3492.1 2915.7 to 4462.4
Fluid balance, % 6.2 55t079
Normal (n=6077): input—output, mL 1029.7 553.4to 1567.5
Fluid balance, % 1.7 09t02.6
Negative (n=1590): input—output, mLL —509.5 —998.3to —214.3
Fluid balance, % -08 -—-16to—-04

Group of cumulative fluid balance: positive >5%, 0 <normal < 5%, NEGATIVE < 0%
POD postoperative day, /CU intensive care unit, Adm admission

POD 0 (24 h) (HR 1.87,95% CI 1.22-2.86, P=0.004), POD
0-1 (48 h) (HR 1.91,95% CI 1.25-2.91, P=0.003), and on
POD 0-2 (72 h) (HR 4.62, 95% CI 2.75-7.76, P <0.001).
Compared to normal FB groups, positive associations
with 30-day mortality were also seen for severe positive
FB groups (>10%) on POD 0 (24 h) (HR 2.98, 95% CI
1.59-5.57, P=0.001), POD 0-1 (48 h) (HR 3.17, 95% CI
1.70-5.92, P <0.001), and on POD 0-2 (72 h) (HR 8.83,
95% CI 4.03-19.33, P<0.001). However, negative FB
groups showed no significant association with 30-day mor-
tality across the 3 time periods (P> 0.05). Similar trend was
observed in patients who admitted ICU after non-cardiac
surgery (Online Resource 5). Compared to those in the nor-
mal FB groups, patients in the severe positive FB groups
(>10%) (HR 4.43,95% CI 1.65-11.89, P=0.003) and mild
or moderate positive FB groups (5-10%) (HR 15.86, 95% CI
4.65-55.18, P<0.001) on POD 0-2 (72 h) admitted to the
ICU after cardiac surgery (Online Resource 6), had a higher
30-day mortality rate, although this difference was not sig-
nificant (P > 0.05) on POD 0 (24 h) and POD 0-3 (48 h).

Early and late cumulative FB and 30-day mortality
after postoperative ICU admission

Table 4 shows the results of multivariable Cox regression
analysis considering the timing of cumulative FB. Com-
pared to the negative or normal FB on POD 0 (24 h) and
on POD 0-2 (72 h) group, the negative or normal FB on
POD 0 (24 h) + positive FB on POD 0-2 (72 h) group was

associated with a 4.52 times increase in 30-day mortal-
ity (HR 4.52, 95% CI 2.60-7.85, P <0.001). The positive
FB on POD 0 (24 h) + negative or normal FB on POD 0-2
(72 h) group and the positive FB on POD 0 (24 h) + positive
FB on POD 0-2 (72 h) group were associated with a 2.21
times (HR 2.21, 95% CI 1.45-3.38, P<0.001) and 12.12
times (HR 12.12, 95% CI 6.11-24.03, P <0.001) increase
in 30-day mortality, compared to the negative or normal FB
on POD 0 (24 h) and on POD 0-2 (72 h) group.

Acute kidney injury after postoperative ICU
admission

Online Resource 7 and Table 5 show the results of univari-
able and multivariable logistic regression analyses for AKI
during POD 0-2 according to FB. Compared to normal FB
groups, positive associations with AKI were seen for mild
or moderate positive FB groups (5-10%) on POD 0 (24 h)
(OR 1.74, 95% CI 1.39-2.19, P<0.001), POD 0-1 (48 h)
(OR 1.68, 95% CI 1.34-2.10, P<0.001), and on POD 0-2
(72 h) (OR 1.66, 95% CI 1.15-2.39, P=0.007). Compared to
normal FB groups, positive associations with AKI were also
seen for severe positive FB groups (> 10%) on POD 0 (24 h)
(OR 1.84,95% CI 1.25-2.51, P=0.025), POD 0-1 (48 h)
(OR 1.98, 95% CI 1.53-2.50, P<0.001), and on POD 0-2
(72 h) (OR 1.97, 95% CI 1.15-5.05, P=0.035). However,
negative FB groups showed no significant association with
AKIT across the 3 time periods (P > 0.05).
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Table 2 Patient’s
characteristics, surgical
variables and outcomes
according to three groups of
perioperative cumulative fluid
balance (%) after postoperative
ICU admission

Variable Fluid balance (%) in Postoperative day 0-2 (72 h) P value
Positive Normal Negative
N=229 N=6077 N=1590

Age, year 64.8 (14.9) 61.1 (15.5) 58.3 (15.5) <0.001
Sex, Male 122 (53.3%) 3498 (57.6%) 903 (56.8%) 0.396
Body mass index, kg/m? 22.53.7) 24.0 3.7) 23.9@3.7) <0.001
APACHE II 23.8 (9.0) 20.4 (7.8) 20.3 (8.0) <0.001
ASA class <0.001

1 38 (16.6%) 1243 (20.5%) 389 (24.5%)

2 89 (38.9%) 2596 (42.7%) 674 (42.4%)

>3 102 (44.5%) 2238 (36.8%) 527 (33.1%)
Preoperative comorbidity

Hypertension 63 (27.5%) 1595 (26.2%) 370 (23.3%) 0.044

Diabetes mellitus 31 (13.5%) 854 (14.1%) 188 (11.8%) 0.069

Ischemic heart disease 43 (18.8%) 1120 (18.4%) 184 (11.6%)  <0.001

Neurologic disease 11 (4.8%) 673 (11.1%) 202 (12.7%) 0.001

Chronic kidney disease 24 (10.5%) 386 (6.4%) 82 (5.2%) 0.006

Cancer 79 (34.5%) 3791 (33.5%) 1049 (34.0%) 0.903

Advanced cancer 7 (3.1%) 310 (5.1%) 70 (4.4%) 0.219
Types of surgical procedures <0.001

Cardiac surgery 83 (36.2%) 1614 (26.6%) 254 (16.0%)

Non-cardiac surgery 146 (63.8%) 4463 (73.4%) 1336 (84.0%)
Surgery time, min 292.6 (154.0) 223.9 (121.2) 230.1 (137.2) <0.001
Emergency surgery 84 (36.7%) 1235 (20.3%) 389 (24.5%) <0.001
Length of ICU stay, day 35(11.2) 2.2 (6.8) 3.3(8.8) <0.001
Length of hospital stay, day 31.3(35.7) 24.0 (39.2) 30.2 (62.5) <0.001
Renal replacement therapy in POD 0-2 38 (16.6%) 105 (1.7%) 67 (4.2%) <0.001
Ventilator use in POD 0-2 129 (56.3%) 3513 (57.8%) 860 (54.1%) 0.028
Estimated blood loss, mL 1490.6 (2788.9)  605.7 (1037.5)  786.5 (1369.7) <0.001
Vasopressor use in POD 0-2 202 (88.2%) 4665 (16.8%) 1302 (81.9%) 0.001
Total input fluid (mL/kg) in POD 0-2

0.9% NaCl 111.5 (84.5) 82.6 (61.9) 98.7 (69.7) <0.001

Balanced crystalloid 58.6 (42.0) 40.2 (32.7) 31.9(32.9) <0.001

Hydroxyethyl starch 23.5 (26.6) 12.7 (15.5) 14.2 (17.5) <0.001
30-day mortality 55 (24.0%) 209 (3.4%) 66 (4.2%) <0.001
AKI in POD 0-2 87 (38.0%) 1082 (19.0%) 281(19.4%)  <0.001

Group of fluid balance: positive >5%, 0 <normal < 5%, negative <0%. The data were represented as mean
(standard deviation) or number (percentage)

ICU intensive care unit, APACHE acute physiology and chronic health evaluation, ASA American Society
of Anesthesiologists, POD postoperative day, AKI acute kidney injury

Discussion

The present study revealed that patients with positive FB on
POD 0 (24 h), POD 0-1 (48 h), and POD 0-2 (72 h) were
associated with an increase in 30-day mortality relative to
patients in the normal FB group. A similar association was
found for incidence of AKI during POD 0-2. Furthermore,
the group that had normal or negative FB in the early period
(POD 0) with normal or negative FB in the late period was
associated with better 30-day mortality compared to the
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other groups. The present study is novel because we used
weight-based perioperative cumulative FB to investigate the
association with 30-day mortality or AKI among patients
who were admitted to the ICU after surgery. Furthermore,
we evaluated the effect of early or late cumulative FB status
on the mortality of ICU patients. Considering the different
fluid management strategies recommended nowadays for
shock patients in the early and late periods [8], our results
could provide useful information in clinical practice for sur-
gical ICU patients.
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An interesting finding of this study was that the pro-
portion of patients in the positive FB group decreased to
2.9% (229/7896) on POD 0-2 (72 h) compared to 10.6%
(837/7896) on POD 0 (24 h). This may mean that there
was an inevitable positive FB on POD 0, especially dur-
ing the intraoperative period, to replace ongoing bleed-
ing. Patients in the positive FB group on POD 0-2 (72 h)
might be the most severe group included in this study,
as they failed to recover to normal FB due to many fac-
tors (e.g., shock, sepsis, or bleeding). This is reflected by

the relatively higher APACHE II score of the positive FB
during POD 0-2 (mean 23.8). In addition, although there
is a possible risk with the use of hydroxyethyl starch in
ICU patients [23], physicians at SNUBH sometimes used
hydroxyethyl starch to replace ongoing or massive bleed-
ing with transfusion. As a result, patients with positive
FB in the early period (POD 0) were treated to return to
normal fluid status in our institution, and despite these
efforts, the positive FB group in the late period (POD 0-3)
had high mortality in this study.
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Table 3 Multivariable Cox
regression analysis for

30-day after postoperative
ICU admission according to
perioperative cumulative fluid
balance (%)

Variables 30-day readmission
Hazard ratio (95% CI) P value*
Cumulative FB in postoperative day 0 (24 h)
Normal (0-5%), n=5538 1 (<0.001)
Negative (<0%), n=1523 0.72 (0.43-1.19) 0.197
Positive: mild, moderate (5-10%), n=700 1.87 (1.22-2.86) 0.004
Positive: severe (> 10%), n=135 2.98 (1.59-5.57) 0.001
Cumulative FB in postoperative day 0—1 (48 h)
Normal (0-5%), n=5423 1 (<0.001)
Negative (<0%), n=1616 0.69 (0.41-1.16) 0.162
Positive: mild, moderate (5-10%), n=715 1.91 (1.25-2.91) 0.003
Positive: severe (> 10%), n=142 3.17 (1.70-5.92) <0.001
Cumulative FB in postoperative day 0-2 (72 h)
Normal (0-5%), n=6077 1 (<0.001)
Negative (<0%), n=1590 1.37 (0.91-2.07) 0.136
Positive: mild, moderate (5-10%), n=202 4.62 (2.75-17.76) <0.001
Positive: severe (> 10%), n=27 8.83 (4.03-19.33) <0.001

ICU intensive care unit, CI confidence interval, FB fluid balance, POD postoperative day, APACHE acute
physiology and chronic health evaluation, ASA American Society of Anesthesiologists

*Covariates of P<0.1 in univariable cox regression analysis in Online Resource 4 were included in each
multivariable cox regression analysis (age, body mass index, APACHE II, ASA physical status, emergency
surgery, surgery time, hypertension, ischemic heart disease, cerebrovascular disease, advanced cancer, ven-
tilator use in POD 0-2, vasopressor use, 0.9% NaCl infused in POD 0-2, Balanced crystalloid infused in
POD 0-2, and hydroxyethyl starch infused in POD 0-2)

Table 4 Multivariable cox regression analysis for 30-day after postoperative ICU admission according to early (POD 0) and late (POD 0-2)

perioperative cumulative fluid balance (%)

Variables 30-day mortality

Hazard ratio (95% CI) P value*
Negative or normal FB in POD 0 (24 h) + negative or normal FB in 0-2 (72 h), n=6887 (87.2%) 1 (<0.001)
Negative or normal FB in POD 0 (24 h) + positive FB in POD 0-2 (72 h), n=172 (2.2%) 4.52 (2.60-7.85) <0.001
Positive FB in POD 0 (24 h) + negative or normal FB in POD 0-2 (72 h), n=780 (9.9%) 2.21(1.45-3.38) <0.001
Positive FB in POD 0 (24 h) + positive FB in POD 0-2 (72 h), n=57 (0.7%) 12.12 (6.11-24.03) <0.001

Group of fluid balance: positive > 5%, 0 <normal < 5%, negative < 0%

ICU intensive care unit, POD postoperative day, CI confidence interval, B fluid balance, APACHE acute physiology and chronic health evalua-

tion, ASA American Society of Anesthesiologists

*Covariates of P<0.1 in univariable cox regression analysis in Online Resource 4 were included in each multivariable cox regression analysis
(age, body mass index, APACHE II, ASA physical status, emergency surgery, surgery time, hypertension, ischemic heart disease, cerebrovascu-
lar disease, advanced cancer, ventilator use in POD 0-2, vasopressor use, 0.9% NaCl infused in POD 0-2, Balanced crystalloid infused in POD

0-2, and Hydroxyethyl starch infused in POD 0-2)

The results of this study are consistent with the findings
of recent studies [16, 24], which have indicated that fluid
overload is associated with survival after colorectal surgery
and esophagectomy. However, those studies [16, 24] exam-
ined patients who were healthier than the patients in our pre-
sent study, as approximately 30-40% of patients in our study
had an American Society of Anesthesiologists classification
of > 3. In addition, fluid accumulation is a potential risk fac-
tor for mortality [25], and Shen et al. [26] recently reported
that positive FB was associated with a higher incidence of

@ Springer

postoperative acute kidney injury (AKI), while negative FB
was not associated with a lower incidence of postoperative
AKI. These results suggest that it is important to maintain a
normal FB during the perioperative period.

Although previous studies have evaluated perioperative
fluid overload using only fluid input [5, 6, 16], the present
study used an input/output calculation based on the patient’s
weight at the time of admission. This approach was also used
by Golstein et al. in 2001 [27] and has generally been used
when FB needs to be precisely calculated (e.g., in the ICU or



Journal of Anesthesia (2019) 33:354-363 361

Table 5. Multivar.iable logistic Variables Acute kidney injury

regression analysis for

occurrence of AKI during POD QOdds ratio (95% CI) P value*

0-2 according to perioperative

cumulative fluid balance (%) Cumulative FB in postoperative day 0 (24 h)
Normal (0-5%), n=5538 1 (<0.001)
Negative (<0%), n=15,231.00 (0.84, 1.19) 1.00 (0.84, 1.19) 0.973
Positive: mild, moderate (5-10%), n=700 1.74 (1.39, 2.19) <0.001
Positive: severe (> 10%), n=135 1.84 (1.25,2.51) 0.025

Cumulative FB in postoperative day 0—1 (48 h)
Normal (0-5%), n=5423 1 (<0.001)
Negative (<0%), n=1616 1.00 (0.84, 1.19) 1.00
Positive: mild, moderate (5-10%), n=715 1.68 (1.34, 2.10) <0.001
Positive: severe (> 10%), n=142 1.98 (1.53, 2.50) <0.001
Cumulative FB in postoperative day 0-2 (72 h)

Normal (0-5%), n=6077 1 (0.021)
Negative (<0%), n=1590 0.95 (0.79, 1.13) 0.549
Positive: mild, moderate (5-10%), n=202 1.66 (1.15, 2.39) 0.007
Positive: severe (> 10%), n=27 1.97 (1.15, 5.05) 0.035

ICU intensive care unit, FB fluid balance, POD postoperative day, APACHE acute physiology and chronic
health evaluation, ASA American Society of Anesthesiologists

*Covariates of P<0.1 in univariable logistic regression analysis in Online Resource 7 were included in
each multivariable logistic regression analysis (sex, age, body mass index, APACHE, ASA physical sta-
tus; emergency surgery; surgery time, diabetes mellitus, ischemic heart disease, cerebrovascular disease,
chronic kidney disease, cardiac surgery, ventilator use in POD 0-2, intraoperative estimated blood loss,
vasopressor use in POD 0-2, 0.9% NaCl infused in POD 0-2, Balanced crystalloid infused in POD 0-2,
and hydroxyethyl starch infused in POD 0-2)

pediatric settings) [17, 18, 20]. Considering that the estima-
tion of weight is important for ICU patients [28], analyzing
FB using weight on admission could be beneficial in predict-
ing positive associations for postoperative mortality in [CU
patients. In addition, this association should be considered
carefully, as there might be many cases of inevitable positive
FB due to excessive bleeding, comorbidities, or cardiovascu-
lar instability in the perioperative period. Therefore, restric-
tive fluid therapy to avoid excessive positive FB should be
considered in conjunction with good surgical skills and
quick and definitive control of bleeding for improved 30-day
mortality after surgery in ICU patients.

A recent clinical trial, known as the RELIEF trial, showed
that there was no significant difference in mortality between
restrictive and liberal fluid therapy groups for patients, fol-
lowing major abdominal surgery [29]. The RELIEF trial
showed that a liberal fluid therapy strategy in the periop-
erative period did not increase mortality more than restric-
tive fluid therapy, which appears to be different from the
results in our observational study. However, careful consid-
eration is required to compare the results of our study with
the RELIEEF trial [29]. First, the RELIEF trial focused on
patients who underwent major abdominal surgery, which
usually requires a large volume of fluid infusion to main-
tain organ perfusion. In addition, the RELIEF trial excluded
liver resection, end-stage renal disease patients, and cases of

urgent or emergency surgery. Therefore, the effect of posi-
tive FB might be different from our study that focused on
only postoperative surgical ICU patients.

The present study has several limitations. First, the retro-
spective design is associated with a known risk of bias. Fur-
thermore, owing to the retrospective nature of this study, it is
not possible to conclude about the causality between positive
FB and mortality or whether the result is due to a compro-
mised clinical course. Second, the use of patient data from
a single center may limit the generalizability of the findings.
For example, the SNUBH has intensivists that provide day-
time postoperative ICU care, and further studies are needed
to examine centers without certified intensivists and centers
with all-day intensivists. Third, the heterogeneity of postop-
erative ICU admissions may affect the findings, due to the
numerous surgery types. For example, patients who under-
went cardiac surgery using a cardiopulmonary bypass pump
are unable to avoid exposure to positive FB. Fourth, we did
not consider fluid evaporation in the FB calculation, given
the heterogeneity of the surgical procedures. In addition,
although there were efforts to record information regarding
fluid input and output, the accuracy of the information may
not be perfect, due to various factors such as irrigation flu-
ids or use of gauze swab during surgery. Fifth, we excluded
patients who died on POD 0-2, although they were likely
the most critically ill and their exclusion might have affected
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our findings. Sixth, we only included the patients’ last sur-
gical ICU admission during the study period, to satisfy the
assumption that all individuals should be independent to be
included in the Cox proportional hazard model. Considering
that the fluid managements of patients might be different
according to whether it was a first or repeat surgery, this is
an important bias in our study. Last, we did not perform a
subgroup analysis for patients with sepsis due to difficulty in
diagnosing sepsis during the postoperative period. As fluid
management for patients with sepsis is different from other
patients [30], this factor might be a bias in this study.

In conclusion, this study showed that perioperative
cumulative weight-based FB is positively associated with
an increase in postoperative 30-day mortality or postopera-
tive AKI in ICU patients, and this association was consist-
ent with positive FB on POD 0 (24 h), 0—1 (48 h), and 0-2
(72 h).
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