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Low fluid intake volume during the first 24 h and persistent
negative fluid balance from the second day are associated
with favorable prognosis for patients with sepsis
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Abstract. For patients with sepsis and septic shock, it remains
controversial when to restrict fluid intake and achieve a nega-
tive fluid balance. The present study aimed to evaluate the
effects of the fluid intake volume during the first 24 h as well
as fluid balance for 7 days on the prognosis of sepsis or septic
shock. A total of 337 patients diagnosed with sepsis or septic
shock at Ruijin Hospital (Shanghai, China) were enrolled in
the present retrospective study. Patients with a low fluid intake
volume during the first 24 h (fluid intake, 28.1+10.6 ml/kg)
had lower in-hospital mortality rates (18.0 vs. 27.3%, P=0.043)
and a shorter duration of mechanical ventilation [0 (0-6) vs.
3 (0-11), P=0.025] than the high-fluid volume intake group
(62.6+17.6 ml/kg). Furthermore, survivors exhibited a daily
negative net fluid balance from the second day (48 h), whereas
non-survivors had a daily positive net fluid balance for 7 days,
where fluid balance volumes were significantly lower in survi-
vors compared with those in non-survivors. Finally, binary
logistic regression analysis was used to determine whether the
mean daily fluid balance (P<0.001) and the Acute Physiologic
and Chronic Health Evaluation II score (P=0.048) were inde-
pendent prognostic factors for patients with sepsis or septic
shock. It was indicated that a low fluid intake volume during
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the first 24 h and a persistent negative fluid balance from the
second day were associated with favorable outcomes. The
mean daily fluid balance was an independent prognostic factor
or patients with sepsis or septic shock.

Introduction

Sepsis is a severe clinical syndrome with high morbidity and
mortality (1,2). Hypovolemia is common in patients with severe
sepsis. Therefore, reasonable early fluid resuscitation is consid-
ered to be the cornerstone for the treatment of patients with severe
sepsis and septic shock (3.4). Sepsis management has recently
been divided into four distinct but associated phases: Salvage,
optimization, stabilization and de-escalation. Studies have
suggested that liberal fluid management is performed during the
salvage and optimization phases of sepsis, while excessive fluid
overload is avoided during the stabilization and de-escalation
phases (5-8). Excessive fluid administration may have delete-
rious effects, including increased cardiac preload, tissue edema,
and damage to the kidneys and liver (9). In addition, aggressive
fluid administration may result in fluid overload in patients with
sepsis. Certain studies have demonstrated that fluid overload may
increase the mortality of critically ill patients (10-18). Therefore,
restricted fluid resuscitation may be a beneficial strategy for
patients with sepsis (19-22). However, the optimal time-point of
commencing the restriction of fluid intake and achieve a nega-
tive fluid balance for patients with sepsis remains controversial,
particularly for those with septic shock.

The present study evaluated the effects of a low fluid intake
volume during the first 24 h on in-hospital mortality and other
clinical outcomes in patients with sepsis or septic shock.
Furthermore, the association between the optimal time point
required to reach a negative fluid balance and the prognosis of
sepsis was investigated. In addition, it was determined whether
an early negative fluid balance was an independent prognostic
factor for patients with sepsis.

Patients and methods

Patients. Ruijin Hospital, which is affiliated to the Shanghai
Jiaotong University School of Medicine (Shanghai, China),
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is a 2100-bed, tertiary-care university teaching hospital.
The present single-center, retrospective study without a
pre-planned protocol was approved by the Ethics Committee
of Ruijin Hospital (reference no. 2017119). Information of each
patient were only obtained from the medical records. Patient
consent was not required due to the retrospective nature of the
present study.

Enrolment criteria. All patients admitted to the emergency
intensive care unit (EICU) between January 2014 and
December 2018 were included if they met the following inclu-
sion criteria: i) Age >18 years; ii) diagnosis of sepsis or septic
shock (1); and iii) duration of EICU stay >24 h. Patients who
did not have sepsis or septic shock at admission but developed
the condition during their hospital stay were excluded.

Patients participating in other studies, those with incom-
plete medical data, those who died or were discharged within
24 h and those who required emergency operations after EICU
admission were excluded from the study.

Data collection. The following baseline data were collected:
Demographics; departments from which each patient was
admitted; concomitant diseases; C-reactive protein (CRP),
lactate and procalcitonin (PCT) levels; illness severity scores,
including Sequential Organ Failure Assessment (SOFA) and
Acute Physiologic and Chronic Health Evaluation IT (APACHE
II) scores (2), during the first 24 h of admission to the EICU,
were collected. In addition, data regarding the duration of
EICU and hospital stay, as well as the duration of mechanical
ventilation, were collected. The in-hospital mortality rate was
also recorded for the study population. The primary end-point
was in-hospital mortality, while secondary end-points were
the duration of hospital and EICU stay and mechanical venti-
lation, and whether the patients had undergone continuous
renal replacement therapy (CRRT) or had used vasopressors
or inotropes. Sepsis and septic shock were defined according
to Sepsis-3 (1).

Daily fluid intake was measured while considering intra-
venous (e.g., medication, blood products, parenteral nutrition),
oral and enteral fluid intake. Daily fluid output included urine,
ultrafiltration and fluid loss from drains and tubes; insensible
water loss was not considered. The daily net fluid balance for
7 days was calculated by subtracting the daily fluid output
from the daily fluid input.

First, all the patients were divided into two groups
based on the mean fluid input volumes (42.8 ml/kg): The
low-(<42.8 ml/kg) and high-(=42.8 ml/kg)fluid volume
groups. Subsequently, all the patients were categorized as
survivors or non-survivors. Furthermore, according to the
conditions of the fluid balance on the second day, the patients
were divided into the positive- and negative-fluid balance
groups.

Statistical analysis. The Kolmogorov-Smirnov method was
used for the normality test. Data for continuous variables
are expressed as the mean with standard deviation or as the
median and interquartile range (IQR). Data for categorical
variables are presented as numbers and percentages. Student's
t-test was used for comparison of two groups and one-way
ANOVA followed by the Student-Neuman-Keuls test was

used for multiple groups (>2). Pearson's Chi-square, continuity
correction, Fisher's exact, or likelihood ratio tests were used
for categorical variables. Unpaired t-tests were used to analyze
fluid intake and output volumes and net fluid balance, as well as
cumulative fluid balance, among survivors and non-survivors
over 7 days. The receiver operating characteristic (ROC) curve
was used to demonstrate the predictive ability of fluid intake
during the first 24 h for survival probability of patients with
sepsis.

Binary logistic regression analysis was applied to analyze
the association between indicators with statistical significance
(P<0.05) and in-hospital mortality. Binary logistic regression
model were performed using the following indicators: SOFA
score, APACHE II score, CRP level, PCT level, mean net
fluid balance, type of sepsis and time of disease onset. The
median value was used as the demarcation point and the above
indicators were assigned. Patients were then stratified into
two groups based on the demarcation points.

A two-sided P<0.05 was considered to indicate statistical
significance. Data analyses were performed using SPSS
version 18.0 (SPSS Inc.).

Results

Characteristics of the study population. The data of
405 patients treated at our department were collected.
Subsequently, 16 patients whose EICU stay duration was
<24 h, 31 who did not meet the latest diagnostic criteria for
sepsis or septic shock, 19 with incomplete medical data and
2 who required emergency operations during their EICU stay
were excluded. Finally, the clinical and laboratory data of
337 patients, 263 (78.0%) of whom survived during the EICU
stay, were analyzed (Fig. 1).

Table I presents the epidemiological data. Most subjects
were male (61.4%). The median age of the study population
was 64 years (IQR, 47-73 years), the mean body mass index
was 23.60+3.79 kg/m?* and more than half (59.9%) of the cases
had septic shock.

Hypertension, diabetes and coronary heart disease were
the most common concomitant diseases among the patients.
Furthermore, the most frequent type of infection was respi-
ratory infection (57.0%), followed by abdominal infection
(14.5%; Table I).

Low fluid intake volume during the first 24 h and persis-
tent negative fluid balance from the second day are associated
with a favorable prognosis. The mean fluid intake volume of
the study population was 42.8+22.0 ml/kg during the first
24 h. All patients were divided into the low- and high-fluid
volume groups as per the mean fluid input volume during the
first 24 h. Most of the baseline data of the two groups were
comparable except BMI, some comorbidities and CRP levels
(Table I). Patients in the low-fluid intake volume group had
higher BMI, higher proportion of hypertension and CHD, as
well as lower CRP levels than those in the high-fluid intake
volume group (P<0.05). The results suggested that the patients
in the low-fluid intake volume group had lower in-hospital
mortality rates (18.0 vs. 27.3%, P=0.043), a shorter duration
of mechanical ventilation [0 (0-6) vs. 0 (0-11), P=0.025] and
a lower proportion of patients using vasopressors or inotropes
(22.7 vs. 47.6%, P<0.001) than those in the high-fluid volume
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Table I. Characteristics of patients in the low- and high-fluid intake volume groups.
Fluid input Fluid input
Total patients <42.8 ml/kg >42.8 ml/kg

Variable (n=337) (n=194) (n=143) P-value
Sex 0.792

Male 207 (61.4) 118 (60.8) 89 (62.2)

Female 130 (38.6) 76 (39.2) 54 (37.8)
Age (years) 64 (47-73) 66 (51-77) 57 (41-69) 0.074
BMI (kg/m?) 23.60+3.79 24.35+4.96 22.58+3.56 <0.001
Sepsis category 0.799

Septic shock 202 (59.9) 114 (58.8) 88 (61.5)

Sepsis 135 (40.1) 80 (41.2) 55 (38.5)
Origin

EICU 227 (67.4) 137 (70.6) 90 (67.2) 0.137

Medical emergency ward 72 (21.4) 40 (20.6) 32 (224) 0.697

Trauma surgery ward 10 (2.9) 2(0.0) 8(7.0) 0.864°

Other 28 (8.3) 15(7.7) 13 (9.1) 0.655
Comorbidities

Hypertension 145 (43.0) 95 (49.0) 50 (35.0) 0.010

Diabetes 80 (23.7) 48 (24.7) 32 (22.4) 0.614

COPD 15 (4.5) 11(5.7) 4(2.8) 0.319°

Arrhythmia 20 (5.9) 15(7.7) 5@3.5) 0.104

CHD 30 (8.9) 25 (12.9) 5@3.5) 0.003

CKD 5(1.5) 5(2.6) 0(0.0) 0.075*

Cerebral infarction 15 (4.5) 13 (6.7) 2(14) 0.039°
Source of sepsis

Gut tract 35(10.4) 15(7.7) 20 (14.0) 0.063

Lung 192 (57.0) 115 (59.3) 77 (53.8) 0.320

Urinary tract 19 (5.6) 13(6.7) 6(4.2) 0.324

Abdomen 49 (14.5) 23 (11.9) 26 (18.2) 0.103

Skin 11 (3.3) 10 (5.2) 1(0.7) 0.050°

Blood 8(124) 6(.1) 2(14) 0.824°

Not determined 13 (3.9) 7 (3.6) 6(4.2) 0.782

Other 10 (2.9) 5(2.6) 5@3.5) 0.623
SOFA score 5(4-8) 5 (4-8) 6 (4-9) 0.793
APACHE 1I score 11+5 11£5 1245 0.995
Creatinine 166.1£215.6 187.5+£255.6 143.7£148.3 0.075
CRP 792 (229-171.5) 72.6 (23.3-136.8) 111.0 (23.0-192.0) 0.002
PCT 2.2 (0.5-12.1) 2.1 (0.5-11.1) 3.0 (0.8-14.5) 0.281
Lactate 1.9 (1.4-2.6) 1.95 (1.41-2.67) 1.83 (1.33-2.45) 0.616
Time of disease onset (days) 7 (3-12) 7(3-12) 6 (3-11) 0.185

Normal range of parameters: Creatinine 62-115 pmol/l; CRP 0-10 mg/l; PCT 0-0.5 ng/ml; Lactate 0.7-2.7 mmol/l. “Fisher's exact test. "Con-
tinuity correction. Values are expressed as n (%), median (25-75th percentile) or mean + standard deviation. BMI, body mass index; EICU,
emergency intensive care unit; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CKD, chronic kidney disease;
SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health Evaluation; CRP, C-reactive protein; PCT,

procalcitonin.

group (Table IT). As presented in Fig. 2, the receiver operating
characteristic (ROC) curve demonstrated the predictive ability
of fluid intake during the first 24 h for survival probability of
patients with sepsis. With a cutoff value of 49.4 ml/kg, the fluid
intake during the first 24 h achieved a sensitivity of 79.7%, a

specificity of 84.4% and an area under the ROC curve of 0.902
(95% CI, 0.865-0.939).

The fluid balance of survivors and non-survivors during
the 7-day period was further compared. The daily fluid intake
volumes of non-survivors were higher than those of survivors
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Table II. Effects of fluid administration (ml/kg) of resuscitative measures delivered during the first 24-h study period on study

outcomes.
Total Fluid input Fluid input
patients (<42.8 ml/kg) (=42.8 ml/kg)

Prognostic variable (n=337) (n=194) (n=143) P-value
Mean fluid input (ml/kg) 42 .8+22.0 28.1+£10.6 62.6+17.6 <0.0001
Survival 0.043

Yes 263 (78.0) 159 (82.0) 104 (72.7)

No 74 (22.0) 35 (18.0) 39 (27.3)
Duration of hospital stay (days) 21 (13-34) 21 (13-30) 22 (13-38) 0.047
Duration of ICU stay (days) 14 (7-25) 12 (7-21) 17 (9-31) 0.062
Duration of mechanical ventilation (days) 0 (0-8) 0 (0-6) 0 (0-11) 0.025
CRRT 0.078

Yes 46 (13.6) 21 (10.8) 25(17.5)

No 291 (86.4) 173 (89.2) 118 (82.5)
Vasopressors or inotropes <0.001

Yes 112 (33.2) 44 (22.7) 68 (47.6)

No 225 (66.8) 150 (77.3) 75 (52.4)

Values are expressed as n (%) or the mean + standard deviation. CRRT, continuous renal replacement therapy; ICU, intensive care unit.

405 patients
assessed

337 patients
enrolled

68 excluded

13 discharged within 24h
3 died within 24h
2 needed emergency operation
19 lacked medical records
31 didn't meet diagnostic criteria of sepsis

IViVOr OF
194 low-fluid 143 high-fluid 263
intake volume intake volume sSurvivors

ot
74
non-Survivors
Figure 1. Flow chart illustrating the enrollment of the patients and outcomes
assessed in the present study.

fluid intake
volume during
the first 24h

every day for 7 days (P=0.002). However, the daily fluid output
volumes were greater for survivors after admission (P=0.014;
Fig. 3A). The number of survivors and non-survivors per day
is stated in Fig. 3B. Number of patients were constant in the
first 3 days and decreased because of discharge from hospital
or death. The mean daily fluid input volume in the group of
non-survivors was significantly higher than that in the group
of survivors (47.5+1.8 vs. 35.2+2.9 ml/kg, P<0.0001). However,
the output volumes were higher among the survivors (42.2+2.6
vs. 37.4+3.2 ml/kg, P<0.0001; Fig. 4).

The non-survivors had a daily positive net fluid balance
over the 7 days, while the survivors had a daily negative net
fluid balance from the second day. Fluid balance volumes of
non-survivors were significantly higher compared with those
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Figure 2. ROC curve of fluid intake during the first 24 h. P<0.001, cutoff
value was 49.4 ml/kg. ROC, receiver operating characteristic; AUROC, area
under the ROC curve.

in survivors on all 7 days (P<0.05; Fig. 5). The net fluid balance
was compared between survivors and non-survivors every day
for 7 days and significant differences for each comparison were
obtained (P<0.01). Furthermore, both the cumulative negative
fluid balance of the survivors and the cumulative positive fluid
balance of the non-survivors increased over time (Fig. 6). The
cumulative fluid balance of the survivors and non-survivors
was significantly different during the 7-day period (P<0.001).

Significant differences were observed in the fluid balance
observed between survivors and non-survivors from the
second day. Therefore, based on whether patients were able
to reach a negative fluid balance during the second day, all
of the patients were divided into the positive fluid balance
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Figure 3. Fluid intake and output volumes of survivors and non-survivors. (A) Fluid intake and output volumes of survivors and non-survivors per day for 7
consecutive days after the onset of sepsis. (B) Number of patients in the survivors and non-survivors groups every day for 7 days. "P<0.05; ns, no significance.
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Figure 4. Mean fluid intake and output volumes (ml/kg) in survivors and
non-survivors over 7 consecutive days after the onset of sepsis. "P<0.05.

Mean daily fluid volume (ml/kg)

group (n=163, 48.4%) and negative fluid balance group (n=174,
51.6%; Table III). Patients in the negative fluid balance group

—e— Survivors (n=263)
—a- Non-survivors (n=74)

40 7 B * .
T - E3 L = e

— 209
o
= _ ———
= o v - -+ —— Yy
g ""‘--.._1'__..--'1"
;g 1 b“"-—.."_,,.---"“ ——e

-204 1

—40d 1 2 3 4 5 6 7

Days

Figure 5. Mean fluid balance (ml/kg) in survivors and non-survivors for each
day for 7 consecutive days after the onset of sepsis. "P<0.05, survivors vs.
non-survivors.

had a lower average in-hospital mortality rate (12.1 vs. 32.5%,
P<0.001), a shorter duration of mechanical ventilation [0 (0-6)
vs. 2 (0-12), P=0.001] and a lower proportion of patients
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Table III. Characteristics of prognosis of patients who achieved negative fluid balance or positive fluid balance on the second day.

Patients with negative

Patients with positive

Prognostic variable fluid balance (n=174) fluid balance (n=163) P-value
Survival <0.001
Yes 153 (87.9) 110 (67.5)
No 21 (12.1) 53 (32.5)
Duration of ICU stay (days) 14 (8-23) 14 (7-27) 0.738
Duration of mechanical ventilation (days) 0 (0-6) 2 (0-12) 0.001
CRRT 0.005
Yes 15 (8.6) 31 (19.0)
No 159 91.4) 132 (81.0)
Vasopressors or inotropes 0.003
Yes 45 (25.9) 67 (41.1)
No 129 (74.1) 96 (58.9)

Values are expressed as n (%). CRRT, continuous renal replacement therapy; ICU, intensive care unit.
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Figure 6. Cumulative fluid balance volumes of survivors and non-survivors
for each day of the 7-day period after the onset of sepsis. "P<0.05.

undergoing CRRT (8.60 vs. 19.0%, P=0.005) or using vaso-
pressors or inotropes (25.9 vs. 41.1%, P=0.003) than those in
the positive fluid balance group.

Average net fluid balance is an independent prognostic factor.
Binary logistic regression analyses were performed with
the following indicators, which were significantly different
between survivors and non-survivors (Tables IV and V):
SOFA score, APACHE II score, CRP level, PCT level, mean
net fluid balance, type of sepsis and time of disease onset.
According to the results of the binary logistic regression
analysis, the mean net fluid balance (P<0.001) and APACHE
II scores (P=0.048) were independently associated with higher
in-hospital mortality in patients with sepsis or septic shock
(Table VI).

Discussion

Fluid resuscitation is one of the most important strategies for
the management of patients with sepsis. Early goal-directed

therapy (EGDT), proposed by Rivers et al (23) in 2001, was
once regarded as the standard of care However, three large
clinical trials challenged EGDT for its aggressive fluid resusci-
tation strategies that were able to increase the risk of mortality
in patients with sepsis (24-26). An increasing number of studies
have indicated that restricted fluid resuscitation may be more
beneficial for patients with sepsis (19,20,27). The Surviving
Sepsis Campaign Guidelines (28) recommend that, during
resuscitation from sepsis-induced hypoperfusion, at least
30 ml/kg of intravenous crystalloid fluid should be given within
the first 3 h, as supported by observational evidence (29,30).
A conceptual model was proposed that defined four phases
for the treatment of sepsis and septic shock: The salvage,
optimization, stabilization and de-escalation phases (5,6).
Liberal fluid management is recommended during the salvage
and optimization phases for enhancing the cardiac output and
avoiding further damage to organ function. The aims during
the stabilization and de-escalation phases are organ support
and the prevention of adverse effects resulting from excessive
fluid overload (7). However, in the present study, a low fluid
intake volume during the first 24 h after EICU admission was
associated with a better prognosis. According to the mean fluid
intake volumes during the first day, all patients were divided
into low- and high-fluid intake volume groups. Although the
lower fluid intake volume group had a higher BMI, CHD and
cerebral infarction rates and lower CRP levels, the SOFA and
APACHE 1I scores were not significantly different between
the high- and low-fluid volume groups, which indicated that
the severity of the disease was similar between the two groups.
Further analysis suggested that patients in the low-fluid intake
volume group had lower in-hospital mortality rates, a shorter
duration of mechanical ventilation and a lower proportion
of patients using vasopressors or inotropes than those in the
high-fluid volume group. The ROC curve indicated that a
fluid volume of <49.4 ml/kg during the first 24 h was more
beneficial for patient survival. The earliest possible restriction
of the fluid intake volume and immediate and reasonable
use of vasoactive drugs may benefit patients with sepsis or
septic shock.
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Table IV. Characteristics of the survivors and non-survivors.

Variable Survivors (n=263) Non-survivors (n=74) P-value
Sex 0.694
Male 163 (62.0) 44 (59.5)
Female 100 (38.0) 30 (40.5)
Age (years) 64 (44-73) 61 (51-78) 0.321
BMI (kg/m?) 23.78+3.87 22.94+3 40 0.091
Sepsis category 0.010
Septic shock 148 (56.3) 54 (73.0)
Sepsis 115 (43.7) 20 (27.0)
Origin
EICU 165 (62.7) 62 (83.8) 0.001
Medical emergency ward 66 (25.1) 6 (8.1) 0.002
Trauma surgery ward 10 (3.8) 0 (0.0) 0.126*
Other 22 (84) 6(8.1) 0.944
Comorbidities
Hypertension 112 (42.6) 33 (44.6) 0.758
Diabetes 61 (23.2) 19 (25.7) 0.658
COPD 12 (4.6) 3(4.1) 0.851°
Arrhythmia 11 4.2) 9(12.2) 0.010
CHD 25(9.5) 5(6.8) 0.463
CKD 4(1.5) 1(14) 0.915°
Cerebral infarction 10 (3.8) 5(6.8) 0.276
SOFA score 5 (4-8) 7 (5-10) <0.001
APACHE 1I score 11£5 155 <0.0001
Chalson score 2 (0-3) 3(1-4) 0.037
CRP (mg/1) 733 (21.0-151.0) 119.7 (39.8-192.0) 0.016
Creatinine (zmol/l) 157.0+£208.3 198.0+202.8 0.156
PCT (ng/ml) 2.1 (0.5-8.9) 49 (0.8-21.0) 0.005
Lactate (mmol/I) 1.94 (1.36-2.49) 1.90 (1.32-2.95) 0.424
Time of disease onset (days) 7(3-10) 9 (5-14) 0.002
Duration of hospital stay (days) 22 (13-34) 20 (13-31) <0.001
Duration of ICU stay (days) 15 (8-25) 12 (7-23) 0.057
Duration of mechanical ventilation (days) 0 (0-5) 7 (3-15) <0.001
CRRT 0.002
Yes 28 (10.7) 18 (24.3)
No 235 (89.3) 56 (75.7)
Vasopressors or inotropes <0.001
Yes 66 (25.1) 46 (62.2)
No 197 (74.9) 28 (37.8)

“Fisher's exact test. "Continuity correction. Values are expressed as n (%), median (25-75th percentile) or mean + standard deviation. BMI, body
mass index; EICU, emergency intensive care unit; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CKD, chronic
kidney disease; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health Evaluation; CRP, C-reactive

protein; PCT, procalcitonin.

The fluid balance is an intuitive reflection of fluid
resuscitation in patients with sepsis. Several studies have
explored the association between fluid balance and mortality.
Boyd et al (31) indicated that a more positive fluid balance
both early in resuscitation and cumulatively over 4 days was
associated with an increased risk of mortality in patients
with septic shock. Another study by Sirvent er al (12)

reported a similar conclusion that suggested a strong corre-
lation between the accumulated positive fluid balance at
48, 72 and 96 h and higher mortality rate of intensive care
unit (ICU)-admitted patients with sepsis or septic shock.
Brotfain et al (14) collected data from 297 patients with sepsis
or septic shock and indicated that a positive cumulative fluid
balance at discharge from ICU was an independent prognostic
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Table V. Assignment instructions of indicators analyzed by
binary logistic regression analysis.

One Two
Variable point® points®
SOFA score <5 >5
APACHE 1I score <11 >11
CRP (mg/1) <792 >79.2
PCT (ng/ml) <2.24 >2.24
Mean net fluid balance (ml/kg/day) <-1.94 >-1.94
Sepsis category Sepsis  Septic shock
Time of disease onset (days) <7 >7
Duration of ventilatory support (days) 0 >0

*Values of indicators less than median value were assigned to 1-point
group. ®Values of indicators more than median value were assigned
to 2-point group. SOFA, Sequential Organ Failure Assessment;
APACHE, Acute Physiology and Chronic Health Evaluation; CRP,
C-reactive protein; PCT, procalcitonin.

Table VI. Results of the binary logistic regression analysis
(multivariate analysis).

Variable P-value OR 95% CI
SOFA score 0205 0611 0.285-1.310
APACHE 1I score 0048 0611 0.285-1.310
CRP (mg/1) 0298 0494  0.245-0.995
PCT (ng/ml) 0.792 0.710  0.373-1.352
Time of disease onset 0.107 1.099  0.546-2.211
(days)

Mean daily fluid balance  <0.001  0.583  0.303-1.123
(ml/kg/day)

Sepsis category 0.157 0.136  0.063-0.293

SOFA, Sequential Organ Failure Assessment; APACHE, Acute
Physiology and Chronic Health Evaluation; CRP, C-reactive protein;
PCT, procalcitonin; OR, odds ratio.

factor of mortality; furthermore, patients who reached a
negative cumulative fluid balance on day 3 at the ICU had a
lower chance of readmission to the ICU. The present study
also focused on the correlation between fluid balance and
in-hospital mortality of patients with sepsis or septic shock.
In a single-center population of 337 septic patients, the
overall in-hospital mortality was 22.0%, which was much
lower than that in a previous study (mortality rate, 34.1%) by
Acheampong and Vincent (10). Furthermore, in the present
study, the patients in the negative-fluid balance group had a
lower in-hospital mortality rate, a shorter duration of mechan-
ical ventilation and a lower proportion of patients undergoing
CRRT or using vasopressors or inotropes than those in the
positive-fluid balance group. The above results suggested
that a negative fluid balance is beneficial for the survival of
patients with sepsis. Next, these conclusions were verified by

binary logistic regression analysis. The results indicated that
the net fluid balance was an independent prognostic factor for
patients with sepsis and its prognostic value was better than
that of the APACHE II score.

Although the association between a negative fluid balance
and favorable prognosis has been reported in numerous
studies, the optimal time-point of patients with sepsis or
septic shock reaching a negative fluid balance remains to
be determined. In a retrospective study, Acheampong and
Vincent (10) indicated that the mean fluid balance in survi-
vors became negative between days 4 and 5 and remained
negative, while the mean fluid balance in non-survivors
remained positive. Another study concluded that a high fluid
balance from the first 24 h until discharge from the ICU
increased the risk of mortality in patients with severe sepsis
and septic shock. Furthermore, high fluid volume resuscita-
tion in the first 3 h and low fluid volume therapy in the first
24 h have been observed to provide survival benefits (32). An
observational cohort study by Peake er al (26) suggested that
the fluid balance was more positive in non-survivors than in
survivors and that these differences became more evident on
the third day, when the fluid balance in survivors was nega-
tive. Huang et al (33) indicated that the 72-h cumulative fluid
balance was correlated with the likelihood of developing
multiple-organ dysfunction syndrome and of mortality in
patients with septic shock. The present results exhibited
certain differences from those of the previous studies afore-
mentioned. Survivors had much less positive fluid balance
volumes than non-survivors and reached a negative net fluid
balance from the second day, which was much earlier than
that reported in other studies. The fluid intake volumes of
non-survivors were much higher than those of survivors
every day for 7 days; however, the output volumes did not
exhibit any significant differences between the two groups
except for days 4 and 7. The main output volumes came from
urine and these results indicated kidney function between the
two groups was similar. Therefore, the most important way of
achieving a negative fluid balance is to decrease fluid intake.
Fluid administration appears to be the most relevant modifi-
able factor to prevent fluid overload. Our group is currently
performing a prospective study regarding the efficacy of
restricted fluid resuscitation in patients with sepsis or septic
shock to further clarify this issue.

Acute kidney injury (AKI) is also an important factor
affecting the prognosis of patients with sepsis or septic
shock. Therefore, creatinine levels and the proportion of
subjects receiving CRRT were compared between patients
in the low- and high-fluid intake volume groups during
the first 24 h. There was no significant difference in the
above results, suggesting that the effect of the fluid intake
volume during the first 24 h on prognosis was not caused by
AKI. Furthermore, non-survivors had a longer duration of
mechanical ventilation; this correlated well with the results
of a previously published prospective study on 717 patients
at 28 ICUs (34). A longer duration of mechanical ventilation
may aggravate or initiate pulmonary inflammation and cause
lung injury.

The present study had certain advantages over other
previous/relevant studies. First, there was a lack of unified
time-points in previous studies. Fluid resuscitation was a
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dynamic and changing process that was based on the patient's
condition and doctors were required to evaluate the volumes
and types of fluid administration not only at the beginning
but also during the subsequent days. Thus, in the present
study, the fluid balance was evaluated during the first 7 days
after admission to the EICU, as it was assumed to be more
meaningful to study a time period rather than a small number
of time-points. Furthermore, the definition and diagnostic
criteria were revised, resulting in changes in the inclusion
criteria of patients. Furthermore, there remains to be a lack
of relevant studies in China; most of these studies did not
include a sufficient number of patients with sepsis. Therefore,
it is worthwhile to study the association between the net fluid
balance and in-hospital mortality in Chinese patients with
sepsis or septic shock.

Of note, the present study had certain limitations. First,
it was performed at a single center with an insufficient
number of patients, was retrospective in nature and did
not include any pre-planned protocol. This reduced the
external validity of the data. Therefore, larger, multi-center,
prospective studies are required to confirm the present
results. Furthermore, data were collected every 24 h without
considering the data of the early hours after the onset of
sepsis, which may have been more meaningful. In addi-
tion, the clinical parameters recorded were not sufficiently
comprehensive and certain factors such as the type of
bacteria and use of antibiotics were neglected; this may also
have influenced the accuracy of the present results. Finally,
binary logistic regression analysis was used to determine
independent prognostic factors for patients with sepsis or
septic shock, as the independent variables included both
categorical and continuous variables; however, the correc-
tion for confounding factors may have been insufficient.

In conclusion, although the present study was a single-
center retrospective study, the results indicated that a low
fluid intake volume during the first 24 h and persistent nega-
tive fluid balance from the second day were associated with
favorable outcomes. Furthermore, the mean daily fluid balance
in patients with sepsis or septic shock from China was an
independent prognostic factor. The present data provide a basis
for conducting large randomized controlled clinical trials to
explore the effects of restricted fluid administration strategies
and negative fluid balance on the prognosis of patients with
sepsis or septic shock.
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