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BACKGROUND: Fluid management is crucial to acute respiratory distress syndrome (ARDS) 
secondary to sepsis. However, choices of fluid resuscitation strategies and fluid input volumes remain 
a thorny problem. Our study aimed to elucidate the relationship between fluid balance and prognosis of 
ARDS patients secondary to sepsis.

METHODS: Our study included 322 sepsis patients from Ruijin Hospital between 2014 and 
2018, and 84 patients were diagnosed as ARDS within 72 hours after onset of sepsis according to 
Berlin ARDS Defi nition.

RESULTS: Among the 322 sepsis patients, 84 (26.1%) were complicated with ARDS within 72 
hours. ARDS patients had a lower oxygenation index (PaO2/FiO2 166.4±71.0 vs. 255.0±91.2, P<0.05), 
longer duration of mechanical ventilation (11 [6–24] days vs. 0 [0–0] days, P<0.05) than those without 
ARDS. Sepsis patients with ARDS showed daily positive net fl uid balance during seven days compared 
with those without ARDS who showed daily negative net fluid balance since the second day with 
signifi cant statistical differences. Among the 84 sepsis patients with ARDS, 58 (69.0%) died. Mean daily 
fl uid input volumes were much lower in survivors than in non-survivors (43.2±16.7 mL/kg vs. 51.0±25.2 
mL/kg, P<0.05) while output volumes were much higher in survivors (45.2±19.8 mL/kg vs. 40.2±22.7 
mL/kg, P<0.05). Using binary logistic regression analysis, we found that the mean daily fl uid balance 
was independently associated with mortality of sepsis patients complicating with ARDS (P<0.05).

CONCLUSIONS: Early negative fluid balance is independently associated with a better 
prognosis of sepsis patients complicated with ARDS.
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INTRODUCTION
Sepsis is a severe critical care syndrome and a life-

threatening condition with high morbidity and poor 
prognosis.[1,2] Acute respiratory distress syndrome 
(ARDS) is a type of acute diffuse, inflammatory lung 
injury caused by various factors inside and outside 
the lungs, leading increased pulmonary vascular 
permeability, increased lung weight, and loss of aerated 
lung tissue.[3] Many studies have reported that sepsis is one 

of the most common and lethal causes of ARDS,[4] and 
nearly 40% ARDS incidence results from sepsis.[5-7] ARDS, 
as a main cause of acute respiratory failure, is mainly 
characterized by increased pulmonary endothelial and 
epithelial permeability, diffuse alveolar injury, and 
severe pulmonary inflammation.[8] Proteinaceous fluid 
accumulation in the pulmonary interstitial area or alveoli 
reduces pulmonary compliance and volume for patients 
with ARDS.[9] Therefore, fl uid management is crucial to 
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ARDS. However, choices of fl uid resuscitation strategies 
and fl uid input volumes remain a thorny problem. Several 
relevant studies[10-14] have been conducted to explore 
this problem but showed contradictory results. Fluid 
resuscitation is also the mainstay of therapy for sepsis.[15] 
Restricted fluid resuscitation and negative fluid balance 
are shown to be beneficial to the prognosis of sepsis 
patients.[16-18] However, for ARDS patients secondary 
to sepsis, only a few studies have been conducted to 
illuminate the relationship between fluid resuscitation 
and prognosis. The study aimed to explore this problem.

METHODS
We conducted a single-center and retrospective study 

in Ruijin Hospital (2,100 beds) Affiliated to Shanghai Jiao 
Tong University School of Medicine in Shanghai, China. It 
was approved by the Ethics Committee of Ruijin Hospital 
(Reference number: 2017119). Because our study was 
retrospective, the patient’s consent was not necessary.

Inclusion criteria
Patients were identifi ed for the study if they met all 

of the following inclusion criteria: (1) age ≥18 years; (2) 
diagnosis of sepsis;[19] (3) meeting the Berlin Definition 
for ARDS within 72 hours of sepsis onset;[20] (4) duration 
of emergency intensive care unit (EICU) stay more than 
72 hours.

Exclusion criteria
Patients were excluded if they: (1) participated in 

other studies; (2) had inadequate medical records; (3) 
had concomitant pulmonary diseases; (4) died; (5) were 
discharged within 24 hours; or (6) needed emergency 
operations after EICU admission. 

Data collection
Baseline data included demographics, sepsis category, 

source of sepsis, the origin of patients, comorbidities, 
Acute Physiologic and Chronic Health Evaluation II 
(APACHE II) scores, and Sequential Organ Failure 
Assessment (SOFA) scores during the fi rst 24 hours after 
EICU admission. We also collected data of tidal volumes, 
PaO2/FiO2, positive end-expiratory pressure (PEEP), 
duration of hospital and EICU stay as well as mechanical 
ventilation. The primary end point was in-hospital 
mortality, and the secondary end points were duration of 
hospital and EICU stay as well as mechanical ventilation.

Daily fluid input included oral,  enteral,  and 
intravenous fluids. Daily fluid output included urine 

volume, ultrafiltration, and fluid loss from drains and 
tubes. We didn’t consider insensible water loss. Daily 
net fluid balance for seven days was calculated by 
subtracting daily fl uid output from daily fl uid input. 

We divided all patients into the ARDS group and the 
non-ARDS group. Furthermore, patients of the ARDS 
group were divided into survivors and non-survivors.

Statistical analysis
Continuous demographic and clinical variables were 

described as mean±standard deviation (SD) or median 
(interquartile range [IQR]), depending on the normality 
measured by the Kolmogorov-Smirnov method. 
Categorical variables were described as numbers and 
percentages. We used Student’s t-test or Mann-Whitney 
U-test to compare data of continuous variables, and 
Pearson’s Chi-square, continuity correction, Fisher’s 
exact, or likelihood ratio tests for categorical variables. 
Binary logistic regression analysis was applied to 
analyze the relationship between indicators with 
statistical signifi cance (P<0.05) and mortality. If the two-
sided P-value was <0.05, comparisons were considered 
signifi cant. Analyses of data were performed using SPSS 
Version 18.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS
We assessed 405 patients in total, and 83 were 

excluded for various reasons which were listed in Figure 
1. A total of 322 patients were enrolled finally, and 84 
(26.1%) had ARDS within 72 hours after sepsis onset. 
Among patients with ARDS secondary to sepsis, 49 
(58.3%) survived during the EICU stay (Figure 1).

First, we divided sepsis patients into the ARDS 
group and the non-ARDS group. Epidemiologic statistics 
compared between the two groups were counted as 
follows: men accounted for 60.6%, the median age was 
62 (IQR 46–73) years, the mean body mass index (BMI) 
was 23.68±3.80 kg/m2, and patients with sepsis (59.6%) 
occupied a higher proportion (Table 1). 

Most patients were from EICU (68.0%) and 
medical emergency ward (20.8%). The most frequent 
comorbidities were hypertension (42.9%) and diabetes 
(24.2%). Lung (56.2%) and abdomen (14.9%) were the 
most common sources of sepsis (Table 1). 

Sepsis patients had a lower PaO2/FiO2 ratio in the 
ARDS group than in the non-ARDS group (166.4±71.0 
vs. 255.0±91.2, P<0.05). Besides, patients from the 
ARDS group had worse physical conditions, including 
higher illness severity scores and longer duration of 
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Table 1. Characteristics of sepsis patients with or without ARDS

Parameters Patients
(n=322)

No ARDS
(n=238)

ARDS
(n=84) P-value

Sex
  Male
  Female
Age (years)
BMI (kg/m2)
Sepsis category
  Septic shock
  Sepsis
Mortality
Origin
  EICU
  Medical emergency ward
  Trauma surgery ward
  Other
Comorbidities
  Hypertension
  Diabetes
  Arrhythmia
  CHD
  CKD
  Cerebral infarction
Source of sepsis
  Gut
  Lung
  Urinary tract
  Abdomen
  Skin
  Blood
  Not found
  Other
SOFA score
APACHE II 
Creatinine (μmol/L)
PaO2/FiO2 (mmHg)
Duration of hospital stay (days)
Duration of ICU stay (days)
Duration of mechanical ventilation (days)

195 (60.6)
127 (39.4)
  62 (46–73)
  23.68±3.80

192 (59.6)
130 (40.4)
  72 (22.4)

219 (68.0)
  67 (20.8)
    9 (2.8)
  27 (8.4)

138 (42.9)
  78 (24.2)
  19 (5.9)
  26 (8.1)
    5 (1.6)
  12 (3.7)

  35 (10.9)
181 (56.2)
  18 (5.6)
  48 (14.9)
    9 (2.8)
    8 (2.5)
  13 (4.0)
  10 (3.1)
    6 (4–8)
  11±5
167.4±217.3
231.9±94.8
  21 (13–34)
  14 (7–25)
    0 (0–8)

142 (59.7)
  96 (40.3)
  63 (43–73)
  23.65±3.81

139 (58.4)
  99 (41.6)
  37 (15.5)

156 (65.5)
  58 (24.4)
    6 (2.5)
  18 (7.6)

  95 (39.9)
  52 (21.8)
  13 (5.5)
  20 (8.4)
    8 (3.4)
    4 (1.7)

  28 (11.8)
120 (50.4)
  18 (7.6)
  39 (16.3)
    9 (3.8)
    6 (2.5)
  10 (4.2)
    8 (3.4)
    5 (3–7)
  10±5
163.3±223.5
255.0±91.2
  21 (14–33)
  14 (7–24)
    0 (0–0)

  53 (63.1)
  31 (36.9)
  62 (50–70)
  23.71±3.83

  53 (63.1)
  31 (36.9)
  35 (41.7)

  63 (75.0)
    9 (10.7)
    3 (3.6)
    9 (10.7)

  43 (51.2)
  26 (31.0)
    6 (7.1)
    6 (7.1)
    4 (4.8)
    1 (1.2)

    7 (8.3)
  61 (72.6)
    0 (0)
    9 (10.7)
    0 (0)
    2 (2.4)
    3 (3.6)
    2 (2.4)
    8 (4–8)
  14±5
178.8±198.7
166.4±71.0
  23 (11–45)
  15 (7–31)
  11 (6–24)

  0.580

  0.900
  0.892

  0.451

<0.001

  0.110
  0.008
  0.907
  0.370

  0.322
  0.094
  0.574
  0.715
  0.804
  1.000

  0.385
<0.001
  0.001
  0.210
  0.019
  1.000
  1.000
  0.937
<0.001
<0.001
  0.582
<0.001
  0.737
  0.227
<0.001

Values are given as number (%), median (25th–75th percentile), or mean±standard deviation (SD); BMI: body mass index; EICU: emergency 
intensive care unit; CHD: coronary heart disease; CKD: chronic kidney disease; SOFA: Sequential Organ Failure Assessment; APACHE II: Acute 
Physiology and Chronic Health Evaluation II. 

mechanical ventilation (11 [6–24] days vs. 0 [0–0] days, 
P<0.05). Mortality rates were much higher in the ARDS 
group than in the non-ARDS group (41.7% vs. 15.5%, 
P<0.05). The duration of hospital and EICU stay didn’t 
show the statistical difference (Table 1). 

Non-survivors indeed had higher SOFA scores and 
APACHE II scores, as well as shorter duration of hospital 
and EICU stay than survivors. However, we didn’t find 
significant differences among tidal volumes, PaO2/FiO2 
ratio, and duration of mechanical ventilation between the 
two groups (Table 2).

In the fi rst 24 hours, mean fl uid input volumes in the 
ARDS group were more than those in the non-ARDS 
group (50.1±22.1 mL/kg vs. 41.0±21.6 mL/kg, P<0.05). 
During the 7-day period, patients with ARDS had more 
mean daily fluid input volumes (46.3±20.8 mL/kg vs. 
35.5±21.7 mL/kg, P<0.05) than those without ARDS, 
while mean daily output volumes between the two groups 
were similar (43.3±21.1 mL/kg vs. 40.7±21.3 mL/kg, 
P>0.05). Besides, we compared fluid input and output 
volumes between the two groups every day in seven 
days and found daily fluid input volumes were more in 
the ARDS group with signifi cant differences while daily 
output volumes between the two groups didn’t show 
statistical differences except results on the 5th day. 

Patients assessed 
(n=405)

Patients
enrolled (n=322)

ARDS 
(n=84)

Patients excluded (n=83)
  Discharged within 24 hours (n=23)
  Died within 72 hours (n=6)
  Not meet diagnosis criteria of sepsis (n=31)
  Lacked partial medical records (n=6)
  Needed emergency operation (n=2)
  Concomitant pulmonary diseases (n=15)

Non-survivors 
(n=35)

Survivors 
(n=49)

No ARDS 
(n=238)

Figure 1. Study fl ow chart.
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Patients with ARDS showed daily positive net fluid 
balance for seven days, while those without ARDS showed 
daily negative net fluid balance since the second day with 
statistically significant differences (P<0.05) (Figure 2). 
We compared net fluid balance every day for seven days 
between the ARDS group and the non-ARDS group and 

found all results had signifi cant differences (P<0.05).
Our results showed that mean daily fluid input 

volumes were much lower in survivors than in non-
survivors (43.2±16.7 mL/kg vs. 51.0±25.2 mL/kg, 
P<0.01) while output volumes were much higher in 
survivors (45.2±19.8 mL/kg vs. 40.2±22.7 mL/kg, 

Table 2. Characteristics of survivors and non-survivors

Parameters Survivors
 (n=49)

Non-survivors
(n=35) P-value

Sex
  Male
  Female
Age (years)
BMI (kg/m2)
Sepsis category
  Septic shock
  Sepsis
Origin
  EICU
  Medical emergency ward
  Trauma surgery ward
  Other
Comorbidities
  Hypertension
  Diabetes
  Arrhythmia
  CHD
  CKD
  Cerebral infarction
Source of sepsis
  Gut
  Lung
  Abdomen
  Other
  Not found
SOFA score
APACHE II score
PEEP (cmH2O)
Tidal volume (mL/kg)
PaO2/FiO2  (mmHg)
Creatinine (μmol/L)
Duration of hospital stay (days)
Duration of ICU stay (days)
Duration of mechanical ventilation (days)

  32 (65.3)
  17 (34.7)
  64 (51–70)
  24.30±3.50

  29 (59.2)
  20 (40.8)
 
  33 (67.3)
    7 (14.3)
    3 (6.1)
    6 (12.3)

  29 (59.2)
  15 (30.6)
    4 (8.2)
    6 (12.2)
    4 (8.2)
    1 (2.0)

    5 (10.2)
  37 (75.5)
    4 (8.2)
    1 (2.0)
    2 (4.1)
    7 (6–9)
  13±5
    6 (5–8)
    8.6±2.1
175.1±71.5
148.2±161.3
  32 (18–66)
  19 (7–31)
  12 (7–25)

  21 (60.0)
  14 (40.0)
  57 (44–70)
  22.89±4.10

  24 (68.6)
  11 (31.4)

  30 (85.7)
    2 (5.7)
    0 (0)
    3 (8.6)

  14 (40.0)
  11 (31.4)
    2 (5.7)
    0 (0)
    1 (2.9)
    0 (0)

    2 (5.7)
  24 (68.6)
    5 (14.3)
    3 (8.6)
    1 (2.9)
    8 (7–11)
  16±5
    5 (5–8)
    8.0±2.6
154.1±68.4
223.5±233.2
  12 (7–25)
  10 (7–18)
    7 (6–18)

  0.619

  0.427
  0.097

  0.379

  0.055
  0.371
  0.069
  0.858

  0.083
  0.936
  1.000
  0.009
  0.585
  0.297

  0.739
  0.482
  0.592
  0.386
  1.000
  0.022
  0.023
  0.233
  0.312
  0.186
  0.089
<0.001
  0.001
  0.300

Values are given as number (%), median (25th–75th percentile), or mean±standard deviation (SD); BMI: body mass index; EICU: emergency 
intensive care unit; CHD: coronary heart disease; CKD: chronic kidney disease; SOFA: Sequential Organ Failure Assessment; APACHE II: Acute 
Physiology and Chronic Health Evaluation II; PEEP: positive end-expiratory pressure.

Figure 2. Mean fluid balance (mL/kg, mean±standard deviation) in 
sepsis patients with or without ARDS during seven continuous days 
after onset of sepsis. *Statistically signifi cant difference at the P<0.05 
level between two groups.
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P<0.05). We also compared daily fluid input and output 
for seven days between the two groups. Results of fl uid 
input showed statistical differences only on the 4th and 6th 
day, and fl uid output consequences didn’t show statistical 
differences except for the 7th day.

Survivors showed daily negative net fl uid balance for 
seven days except for the first day, while non-survivors 
showed daily positive net fl uid balance every day during 
the 7-day period with statistically signifi cant differences 
(P<0.01) (Figure 3). We compared net fluid balance 
every day for seven days between survivors and non-
survivors and found all results except the first day had 
statistically signifi cant differences (P<0.05).

Finally, we used binary logistic regression analysis 
to measure which of the following indicators, including 
SOFA score, APACHE II score, and mean daily fluid 
balance, were independent prognostic factors. Results 
demonstrated that only mean fl uid balance (P<0.01) was 
independently associated with the prognosis of sepsis 
patients with ARDS. 

DISCUSSION
ARDS is a clinical syndrome characterized by 

refractory hypoxemia with high mortalities. A study 
conducted in 15 adult ICUs of Shanghai between 2001 
and 2002 reported that ARDS incidence accounted 
for approximated 2% of all ICU admissions with a 
90-day mortality rate of more than 70%.[21] The main 
treatment method of ARDS was etiology treatment, 
and fluid resuscitation was considered as an effective 
supportive treatment method of ARDS patients for 
increased capillary permeability and protein-rich fluid 
accumulation as the most important pathophysiological 
changes.[8] Many studies reported the relationship 
between fluid resuscitation and prognosis of ARDS, 
but results were contradictory. A large randomized 
study conducted by Wiedemann et al[10] compared a 
conservative and a liberal strategy of fluid management 
in 1,000 patients with acute lung injury, and concluded 
that patients from conservative fluid administration 
group had a shorter duration of mechanical ventilation 
and ICU stay while there was no significant difference 
in the primary outcome of the 60-day mortality. Another 
post-hoc analysis of a cohort of 313 children with ARDS 
revealed that positive fl uid balance (in increments of 10 
mL/[kg·day]) was associated with a significant increase 
in both mortality and prolonged duration of mechanical 
ventilation, independent of the presence of multiple organ 
system failure and the extent of oxygenation.[12] Rosenberg 

et al[13] assessed the fluid balance of 844 patients from 
24 hospitals and 75 intensive care units and found that 
negative cumulative fl uid balance at day 4 of acute lung 
injury was associated with signifi cantly lower mortality. 
However, some investigators[11] found fl uid resuscitation 
strategy might be a potential risk factor for long-term 
cognitive impairment. Sepsis, as the most frequent 
cause of ARDS, has a close relation with ARDS in 
critically ill patients. In 2002, an epidemiological study 
reported that sepsis was the most common cause of acute 
respiratory failure.[22] Another study conducted by the 
Korean Study Group on Respiratory Failure declared 
the incidence rate of sepsis-induced ARDS was 6.8% in 
Korea.[23] Fluid resuscitation is a lifesaving therapy for 
both sepsis and ARDS patients but only a few studies 
have been conducted to explore the relationship between 
fluid balance and prognosis of ARDS secondary to 
sepsis. Murphy et al[24] carried out a study containing 
212 patients with septic shock complicated with ALI 
and found both early fluid management and late fluid 
management of septic shock complicated with ALI 
can influence patient outcomes. However, the term 
“acute lung injury (ALI)” was eliminated by the Berlin 
definition of ARDS in 2012.[20] Our study used the 
newest criteria of ARDS and mainly focused on ARDS 
patients secondary to sepsis. We included 322 patients, 
and ARDS patients accounted for 26.1%. In the group 
of sepsis complicated with ARDS, survivors had much 
lower input volumes and higher output volumes than 
non-survivors. Survivors showed daily negative net 
fluid balance since the second day, while non-survivors 
showed daily positive net fl uid balance every day during 
the 7-day period with statistically signifi cant differences 
except the first day. These results indicated that sufficient 
volume was necessary to resuscitate patients during the early 
time and excess fl uid infusion should be avoided for fear of 
aggravation of pulmonary edema or injury of other organs. 
Negative fluid balance since the second day might be a 
prognostic factor for ARDS patients secondary to sepsis. 

Besides f luid resuscitat ion,  lung-protective 
ventilation was also an important strategy for ARDS 
patients, which could reduce mortality. Several clinical 
trials have demonstrated that lung-protective ventilation 
with low airway pressure and tidal volumes could 
prolong the survival time of patients with ARDS.[25-27] 
For patients with ARDS, the use of lower tidal volumes 
during ventilation was also an effective treatment that 
could reduce the release of inflammatory cytokines 
and detrimental lung stretch.[28-30] An early clinical trial 
reported the lower tidal volume was approximately 
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8.1 mL/kg compared with traditional tidal volume, 
which was approximately 12.2 mL/kg.[31] We didn’t 
find significant differences in tidal volumes between 
survivors and non-survivors because we employed 
low tidal volumes as a routine treatment for all ARDS 
patients. As for PEEP, there was a lack of an accurate 
method to define it. Some investigators thought higher 
PEEP values might improve the prognosis of ARDS 
patients.[32] We compared PEEP values between survivors 
and non-survivors and found no statistical difference. 
Acute kidney injury (AKI) was also reported to be an 
independent prognostic factor of patients with sepsis.[33,34] 
We wanted to clarify whether the positive fluid balance 
was due to AKI. Results showed that there was no 
statistical difference in creatinine on sepsis patients with 
or without ARDS (178.8±198.7 μmol/L vs. 163.3±223.5 
μmol/L, P>0.05). We also compared the creatinine level 
between survivors and non-survivors of sepsis combined 
with ARDS. Although the creatinine level was higher in 
non-survivors than in survivors (223.5±233.2 μmol/L vs. 
148.2±161.3 μmol/L), there was no statistical difference 
between the two groups (P>0.05). This indicated that 
positive fluid balance was not due to AKI and AKI was 
not an independent prognostic factor in our study.

Compared with sepsis patients without ARDS, the 
ARDS group did have higher SOFA and APACHE 
II scores, indicating a higher severity of the disease. 
However, we also knew that sepsis was a complex 
pathophysiological condition that might involve multiple 
organs. Due to the limited number of patients, we couldn’t 
make more detailed stratifi cation to determine which factor 
had the most significant impact on prognosis. But our 
results showed that there was no difference in creatinine 
levels between the two groups, indicating AKI was not 
an important factor affecting the severity of the disease. 
However, the PaO2/FiO2 ratio was signifi cantly lower, and 
the duration of mechanical ventilation was significantly 
longer in sepsis patients with ARDS, suggesting that the 
severity of ARDS might be an important factor affecting 
the severity of the entire disease, but not the only factor.

There were some limitations in our study. This was a 
monocentric and retrospective study, and enrolled patients 
were not enough. Besides, clinical data during the first 
several hours were not recorded which might be more 
important. And some clinical and laboratory parameters we 
omitted could infl uence our results in some degree.

CONCLUSIONS
We conclude that early negative fluid balance since 

the second day is independently associated with a 
better prognosis of ARDS patients secondary to sepsis. 
Early enough fl uid resuscitation and late restricted fl uid 
resuscitation might be beneficial to the prognosis of 
ARDS patients secondary to sepsis. 
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