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Abstract

Early-goal-directed therapy (EGDT) consists of early, aggressive fluid resuscitation and is known 

to improve survival in sepsis. It is unknown how often EGDT leads to subsequent fluid overload 

and whether post-EGDT fluid overload affects patients’ outcomes. Our hypothesis was that septic 

patients treated with EGDT were at risk for fluid overload and that fluid overload would be 

associated with adverse outcomes. We conducted a retrospective cohort of 405 consecutive 

patients admitted with severe sepsis and septic shock to the medical intensive care unit of a 

tertiary care academic hospital from January 2008 to December 2009. Baseline demographics, 

daily weights, fluid status, clinical or radiographic evidence of fluid overload, and medical 

interventions (thoracentesis, paracentesis, diuretic use, and ultrafiltration) were abstracted and 

associations explored using univariate and multivariate logistic and linear regression analyses. At 

day 1, 67% of patients developed evidence of fluid overload and in 48% fluid overload persisted 

to day three. Inter-rater agreement for presence of fluid overload was substantial (kappa=0.7). An 

increased trend in weight was noted in those with persistent clinical and radiologic evidence of 

fluid overload, but not with recorded positive fluid balance. When adjusted for baseline severity of 

illness, fluid overload was associated with increased use of fluid-related medical interventions 

(thoracentesis and diuretics) and hospital mortality (OR 1.92 [1.16-3.22]). In patients with severe 

sepsis and septic shock treated with EGDT, clinical evidence of persistent fluid overload is 

common and is associated with increased use of medical interventions and hospital mortality.
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Introduction

Septic shock, a condition of hypoperfusion in the setting of infection, is a common cause of 

intensive care admissions and is associated with a high mortality and morbidity, including 

end-organ dysfunction and failures (1, 2). Fortunately, early-goal-directed therapy (EGDT) 

has been shown to decrease in-hospital mortality and improve morbidity by decreasing 

occurrence of severe organ dysfunction (3). The implementation of EGDT with the use of 

Surviving Sepsis Campaign bundles has been shown to reduce mortality, and both hospital 

and intensive care unit (ICU) length of stay (LOS) (4). EGDT requires aggressive fluid 

resuscitation in the first six hours of diagnosis based on specific hemodynamic parameters 

such as mean arterial pressure (MAP), central venous pressure (CVP), and central venous 

oxygen saturation (SCVO2) (3). These patients are at risk for fluid imbalance due to 

widespread systemic inflammation and increased tendency for capillary leak (5). The goal in 

septic shock management is to avoid hypovolemia and its associated complications, such as 

hypotension, renal injury, and multi-organ failure.

While this is important, especially in the early stages of septic shock, there are potential 

consequences of too much fluid accumulation, such as hypertension, peripheral edema, 

pulmonary edema, respiratory failure, and increased cardiac demand (6). Prior to EGDT, a 

small, retrospective study demonstrated that a net negative fluid balance was associated with 

reduced mortality in septic shock (7). In addition, septic patients with a higher cumulative 

fluid balance have more associated acute lung injury (ALI) and/or acute respiratory distress 

syndrome (ARDS) and worse ICU outcomes (8). Another study demonstrated those on 

norepinephrine with a positive fluid balance at 12 hours and at 4 days had an associated 

increased mortality (9). Finally the recent release of the ProCESS study demonstrated no 

improvement in 60-day mortality with protocol-based resuscitation (10). This suggests that 

further study is needed to understand why short-term gains in survival are not translating in 

to long-term gains. Given the above data on the harmful effects of fluid overload we 

hypothesized that patients receiving EGDT are at risk for fluid overload and that fluid 

overload may be associated with adverse outcomes. Our aim was to determine the potential 

morbidity and mortality associated with fluid overload in those receiving adequate EGDT 

for both sepsis and septic shock on days 1 and 3 regardless of vasopressor use.

Materials and Methods

We conducted a retrospective cohort study of 405 consecutive adults (≥ 18 years) admitted 

with severe sepsis and septic shock to the medical ICU of a tertiary care academic hospital 

from January 2008 to December 2009. This project was approved by the IRB 

(11-002605-02) without requirement for participant consent; however, patients who 

specifically opted out of clinical research (as allowed by Minnesota law) via signed 

document in the medical record were excluded. The study has therefore been performed in 

accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its 

later amendments. The diagnosis of severe sepsis and septic shock was based on the 

International Guidelines from the Surviving Sepsis Campaign (11). None of the authors have 

a conflict of interest with this research. For severe sepsis, the following were required on 

two consecutive measurements in a patient with suspected infection: two systemic 
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inflammatory response syndrome (SIRS) criteria (temperature >38.3°C or <35.6°C, heart 

rate >90 beats/min, respiratory rate >20/min or white blood cell count >12.0 x 103 or <4.0 x 

103); and sepsis-induced organ dysfunction or tissue hypoperfusion (systolic blood pressure 

≤90 mmHg or MAP ≤70 mmHg or a fall of >40 mmHg from baseline or serum lactate ≥4 

mmol/L regardless of the blood pressure). Septic shock was defined as above with persistent 

hypotension despite a 30 mL/kg fluid bolus (12). Patients without a diagnosis of severe 

sepsis or septic shock, those in whom care was withdrawn within six hours of onset, those 

not consenting to medical research, and readmissions were excluded (Figure 1). 

Additionally, those that did not receive adequate EGDT as defined below were excluded so 

as not to confound mortality. Crystalloid was the type of fluid used for resuscitation. 

Medical interventions such as thoracentesis, paracentesis, diuretic use (furosemide and/or 

metolazone), and ultrafiltration were documented; all interventions were utilized at the 

discretion of the ICU physician. Exclusions to particular interventions were made to account 

for baseline conditions. For example, patients on chronic dialysis (n=39) were excluded 

from the “need for ultrafiltration”; patients on outpatient diuretics (n=112) were excluded 

from the “acute need for diuretics”; liver failure patients (n=34) were excluded from the 

“need for paracentesis” analysis; and patients with known congestive heart failure (CHF) 

(n=40) were excluded from the “need for thoracentesis.” Database was constructed and 

iteratively tested. Two authors (DK and JP) independently assessed clinical evidence of fluid 

overload criteria in 40 (10%) patients to estimate Cohen's kappa.

Definitions

Adequate EGDT was defined as SCVO2 ≥70%, CVP ≥8 mmHg, MAP ≥65 mmHg, urine 

output ≥0.5 mL/kg/hour, and/or improvement in lactate within 6 hours (3). If resuscitation 

goals were achieved after six hours, patients were excluded, as EGDT was considered 

unsuccessful. Fluid balance and weights (in kilograms [kg]) were recorded at day 1 and day 

3. Day 1 and day 3 were defined as 24 hours and 72 hours after admission, respectively. Net 

fluid balance was defined as the difference between the daily input and output recorded over 

a 24-hour period. Weight change is the difference between the weight at day 1 or day 3 as 

compared to the admission weight. Development of new pitting edema, crackles, or anasarca 

as compared to admission per ICU staff or resident physician documentation was reported as 

clinical evidence of fluid overload at either day 1 or day 3. If data was missing, then the 

physical exam findings were presumed to be absent. Chest x-ray findings of fluid overload 

were based on radiologist report of pulmonary vascular congestion, pulmonary edema, 

and/or pleural effusion, which had to be new as compared to an admission chest x-ray. The 

findings of consolidation were not considered as radiographic evidence of fluid overload. 

The radiologist was not aware of this study. If a patient had physical exam findings and/or 

chest x-ray findings consistent with fluid overload as noted above at day 1, they were 

categorized into the group with clinical evidence of fluid overload at day 1, which will be 

referred to as fluid overload hereafter. If these findings were seen at both day 1 and day 3, 

patients were classified as persistent fluid overload. Those that did not were categorized as 

no fluid overload.
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Outcomes of interest included whether there was an association between fluid overload and 

the use of medical interventions (thoracenteses, paracenteses, diuretics use, and 

ultrafiltration), 30-day ICU readmission, ICU LOS, hospital LOS, and hospital mortality.

Statistical Analysis

All data are summarized as absolute number, mean (standard deviation [SD]), median 

(interquartile range [IQR]) or percentages. Chi-square test and Wilcoxon rank sum test were 

used to compare baseline characteristics of patients with evidence of fluid overload and no 

evidence of fluid overload. Logistic regression models were used to assess the association of 

fluid overload on medical interventions, ICU readmission, and hospital mortality. Linear 

regression models were used for both ICU and hospital LOS. Variables were considered for 

the multivariate logistic or linear regression models if they occurred before the development 

of the outcomes of interest, had a p-value ≤0.2 in the univariate analysis, and were clinically 

plausible. The multivariate analyses were adjusted for baseline acute physiology and chronic 

health evaluation (APACHE) IV, initial lactate, initial bicarbonate, admission weight, and 

comorbidities such as CHF, depending on the outcomes of interest. The APACHE IV uses 

the following variables: 1) Age; 2) Chronic health conditions (cirrhosis, hepatic failure, etc); 

3) Acute physiologic score (APS) variables (heart rate, blood pressure, creatinine, bilirubin, 

etc); 4) ICU admission diagnosis; 5) ICU admission source; 6) LOS before ICU admission. 

This tool has been validated and found to be a better predictor of hospital mortality in 

critically ill patients than the APACHE III (13). When appropriate, the odds ratio (OR) and 

95% confidence intervals (CI) were calculated. Two sided p-values of <0.05 were 

considered statistically significant. JMP statistical software (version 9.0.1, SAS, Cary, NC) 

was used for all data analyses.

Results

Demographics

During this study period, there were 5272 MICU admissions of which 1121 were 

readmissions, 426 did not provide research consent, and 3320 did not meet inclusion criteria, 

thus 405 patients were included in this study (Figure 1). Baseline demographics are 

summarized in Table 1. Those with clinical evidence of fluid overload had a higher BMI 

than those without. The sequential organ failure assessment (SOFA) score were the same but 

the APACHE III score and APACHE IV were statistically different. The three most 

common sources of infections were respiratory (37.2%), urinary (19.8%), and soft tissue 

(13.3%).

Clinical evidence of fluid overload

The development of fluid overload was seen in 271 patients (67%) at day 1 and 182 patients 

(48%) had persistent fluid overload. The inter-rater agreement was substantial (kappa = 0.7) 

(14). In this cohort, 35 (10%) underwent thoracentesis, 32 (4%) paracentesis, 30 (10%) 

ultrafiltration for fluid removal, and 127 (44%) received diuretics. Only three of the pleural 

fluid cultures came back positive and six resulted in a change in management. Chest x-rays 

were obtained at admission in 372 patients (92%). Both clinical and radiographic findings of 

fluid overload were seen in 76% (n=206) at day 1 and 77% (n=141) in persistent fluid 
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overload at day 3. For those that did not have both findings, in the group with fluid overload 

at day 1, 34 (52%) had physical exam findings only and 32 (48%) had radiographic findings 

only. Likewise, in those with persistent fluid overload, 23 (56%) and 18 (44%) had physical 

and radiographic findings alone, respectively. At day 1, 52% had pulmonary vascular 

congestion and/or pleural effusions as reported by chest x-ray findings (n=149). By day 3, 

10% had new documented pleural effusions (n=14). Crackles and pitting edema were 

documented in 26% and 40% at day 1 and 28% and 43% at day 3, respectively. No data on 

clinical evidence of fluid overload was missing at day 1. At day 3, only 6% (n=21) was 

missing. For those with a respiratory infection and fluid overload at day 1 (n=108), 64 had 

clinical findings alone, 24 had radiographic findings alone, and 20 had both findings. 

Similarly, in those with persistent fluid overload (n=71), 51 had clinical findings alone, 13 

had radiographic findings alone, and 7 had both. Clinical and radiologic evidence of fluid 

overload was not associated with recorded positive fluid balance at either day 1 or day 3 

(Table 2). There was a difference in weight in those with persistent fluid overload with 

statistical significance noted at day 1, but not day 3 (Table 2). Those without fluid overload 

received more fluid (in mL) at both day 1 and day 3; those with persistent fluid overload and 

fluid overload at day 1 received approximately the same amount of fluids at day 1 and day 3 

(Table 2).

Outcomes of Interest

Table 3 describes the results of both the univariate and multivariate analyses. Those with 

fluid overload at day 1 and persistent fluid overload had increased use of thoracentesis with 

an adjusted OR of 3.40 (1.37-10.3, p=0.007) and 3.83 (1.74-9.15, p=0.0007), respectively. 

The need for acute diuretics were increased in those with persistent fluid overload, which 

remained statistically significant with multivariate analysis (OR 1.66 (1.01-2.74, p=0.045). 

Interestingly, paracentesis was more common in those without fluid overload though this 

was not statistically significant. The mean difference in ICU LOS was +0.54 days (p=0.24) 

in those with fluid overload at day 1 and +0.39 days (p=0.39) in those with persistent fluid 

overload. The 30-day ICU readmission in this sample was 18%, and the difference in 

readmission rate was not found to be statistically significant in patients with and without 

fluid overload. Ninety-five (24%) died during the hospitalization which was significantly 

higher in those with both fluid overload at day 1 and persistent fluid overload with an 

adjusted OR of 2.27 (CI 1.31-4.09, p=0.003) and 1.92 (CI 1.16-3.22, p=0.01).

Discussion

In a contemporary cohort of patients with severe sepsis and septic shock treated with 

standardized protocol of EGDT, clinical evidence of fluid overload was common and 

associated with increased medical interventions (thoracenteses and diuretics) and increased 

hospital mortality. To our knowledge, this is the first study to evaluate the downstream 

effects of fluid overload after EGDT, specifically the use of fluid overload-related medical 

interventions and mortality. It is well known that EGDT improves early mortality in the 

treatment of septic shock. However, downstream management of excess fluid may be 

equally important in the management of septic patients.
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Our study found an increase in hospital mortality in those with clinical evidence of fluid 

overload. One study found that positive fluid balance is the second most important 

prognostic factor even when adjusting for severity of illness (1). Mortality rates at 30 days, 

60 days and hospital discharge were higher in those with fluid overload and AKI, which 

improved if treated with dialysis (15). Those with fluid overload at time of initiation of renal 

replacement therapy had an increased risk of 90-day mortality (16). Another study found 

that ICU survivors with ARDS were more likely to have a net negative fluid balance as 

compared to non-survivors (8). Murphy et. al evaluated adequate initial fluid resuscitation 

and conservative late fluid management in septic shock patients with ALI and found that 

those that received both had statistically lower hospital mortality as compared to those only 

receiving conservative late fluids (18.3% versus 41.9%, p <0.001) and to those that just 

received adequate initial fluids (18.3% versus 56.6%, p <0.001) (17). Interesting, there may 

be a dose-response association between mortality and fluid accumulation as seen in study 

conducted in Finnish ICUs (16). Our study found that volume status and day 3 weights were 

also increased compared to day 1 suggesting patients may continue to receive fluid 

administration well out of the EGDT window.

Additionally, there was an increase in use of medical interventions in those with fluid 

overload, specifically thoracentesis and diuretic use. Pleural effusions are commonly seen in 

critically ill patients with a reported prevalence of 62% (18) and can result from volume 

overload following aggressive fluid resuscitation (19). Prior studies have shown an 

association between pleural effusions and an increase in duration of MV as well as higher 

APACHE scores (18). In our study, pleural effusions led to thoracentesis in 10% of patients, 

which is similar to a prior studies (20). Additionally, the use of diuretics is common; in one 

study, its use was found to be 59% in those critically ill patients with AKI (21). Loop 

diuretics have not been found to be beneficial for those with AKI and could possibly 

increase mortality (21). Only 48% of CKD stages 3-5 were euvolemic and those with fluid 

overload were more likely receive antihypertensives and diuretics (22). If fluid overload was 

present at the time of peak elevation in creatinine in those with AKI, there was a reduced 

chance for complete kidney recovery and the 30-day mortality was significantly higher in 

those with fluid overload (15). Although diuretic use is perhaps inevitable after aggressive 

fluid resuscitation and fluid imbalances, increased medication use increases costs, 

complexity of care and the potential for patient harm.

Oftentimes, the determination of fluid overload is based on volume status but our study 

found that positive fluid balance did not correlate with clinical evidence of fluid overload. 

Additionally, the amount of fluids received at day 1 and day 3 were higher in those without 

fluid overload. In our study, the weight at day 1 (86 vs. 83 kg) and day 3 (88 vs. 84 kg) was 

pointedly increased in those with persistent fluid overload but this was not found to be 

statistically significant. It is unknown why patients with fluid overload did not have a 

statistical difference in fluid administration. It is interesting to note that BMI were 

significantly higher in the fluid overload group raising the hypothesis that obesity may be a 

contributing factor. An alternate hypothesis is that this difference is related to a difference in 

an underlying comorbidity. Further study is needed. In a study of hemodialysis–dependent 

CKD patients, they were at increased risk of death by 35% if >5.7% of dry weight (23). 
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Currently, there is not much literature on patient-related outcomes and weight gain in 

critically ill patients, but there have been some in relation to positive fluid balance. Patients 

with subarachnoid hemorrhage and positive fluid balance were more likely to prolonged 

hospital LOS (24). In cancer patients, a cumulative positive fluid balance was independently 

associated with morality (25). Another study found that accumulative fluid balance from the 

second and third ICU days and total ICU stay fluid balance were positively associated with 

hospital mortality. However, both weight and fluid balance can be highly variable due to 

human error and lack of charting thus it may not be the best way to determine if a patient is 

fluid overloaded.

There are several limitations in this study. First, clinical evidence of fluid overload is 

subjective. The categorization of fluid overload depends on appropriate documentation, 

which can vary among providers. Given the retrospective nature of this study, data was 

absent in some patients. The decisions for interventions were up to the provider, which can 

be highly variable within our own institution and elsewhere. We excluded patients who may 

have alternate diagnoses that required medical interventions other than fluid overload to 

limit the risk of confounding. The need for medical interventions in some cases may 

therefore have been underestimated. We also excluded those that did not receive EGDT, 

which may result in selection bias. Additionally, although we adjusted for confounding 

variables in the multivariate analysis, our study is non-randomized. Therefore, even though 

there was an attempt to adjust for patient severity, it is possible that unknown patient factors 

may be responsible for the development of fluid overload rather than resuscitation approach. 

This was a single-center study and may not be generalizable to some settings. Also, this 

cohort was limited to adult medical ICU patients and may not be applicable in the surgical 

or pediatric ICU population. Furthermore, hypoalbuminemia was not evaluated for and may 

have affected development of fluid overload. The study's strengths include a large sample 

size of patients with severe sepsis and septic shock, substantial inter-rater agreement for 

classification of clinical evidence of fluid overload, and attempt at adjusting for severity of 

illness with multivariate analyses.

Our study found that persistent clinical and radiologic evidence of fluid overload was 

associated with an increase in the acute need for fluid-related medical interventions, hospital 

mortality and increased positive difference in weight but not with recorded positive fluid 

balance. Further studies are needed to corroborate these findings. Regardless, our results 

demonstrate that some patients treated with EGDT develop subsequent fluid overload, 

which may be associated with worse outcomes. Given the burdens we have identified 

associated with fluid overload, a careful post-EGDT fluid management plan may be needed 

to avoid worsening volume status following initial EGDT resuscitation.

Conclusions

Fluid overload is common after treatment with a standardized protocol of EGDT in those 

with septic shock and severe sepsis and may result in worse clinical outcomes. Further 

studies are needed to determine if there is a suitable threshold for fluids after appropriate 

resuscitation.
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Figure 1. 
Study flow diagram demonstrating screening and inclusion/exclusion for the study.
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Table 1

Baseline and Patient Characteristics in those with and without clinical evidence of fluid overload

No Clinical Evidence of 
Fluid Overload (n=133)

Clinical Evidence of Fluid 

Overload Day 1 (n=272)
a

Clinical Evidence of 
Persistent Fluid Overload 

(n=182)
b

Age, median (IQR) 69 (55-80) 71 (58-81) 72 (59-81)

Male, n (%) 80 (60) 152 (55.9) 102 (56)

BMI, median (IQR) 27.4 (22.9-31.9)
28.7 (23.5-34.4)

*
29.5 (23.7-36.3)

*

Comorbidities, n (%)

Hypertension 73 (54.9) 163 (60) 115 (63.2)

Diabetes mellitus 53 (39.9) 105 (38.6) 80 (44)

Chronic kidney disease 25 (18.8)
77 (28.3)

* 55 (30)

Chronic dialysis 10 (7.5) 29 (10.7) 21 (11.5)

Congestive heart failure 9 (6.8) 31 (11.4) 20 (11)

Liver failure 8 (6) 26 (9.6)
20 (11)

*

Medications, n (%)

Outpatient diuretics 23 (17.3)
89 (32.8)

*
61 (33.5)

*

Severity of Illness

Severe Sepsis, n (%) 50 (37.6) 113 (41.5) 83 (40.3)

Septic Shock, n (%) 83 (62.4) 159 (58.5) 123 (59.8)

SOFA, day 1, mean (SD) 6.74 (3.81) 6.93 (3.89) 6.98 (4.03)

APACHE III, baseline, mean (SD) 58.5 (19.2) 59 (19.9)
57.3 (21.5)

*

APACHE IV predicted hospital mortality 
(%), mean (SD)

12.3 (12.9)
15.5 (14.8)

*
16.6 (15)

*

Charlson score, mean (SD) 4.5 (2.93)
5.25 (3.31)

* 5.32 (3.29)

Vasopressors, n (%) 81 (60.9) 159 (58.5) 106 (58.2)

Mechanical ventilation, n (%) 37 (27.8) 99 (36.4) 76 (41.8)

Source of Infection, n (%)

Abdomen 30 (22.6) 41 (15.1) 31 (17)

Respiratory 43 (32.3) 108 (39.7) 71 (39.2)

Urinary 30 (22.6) 50 (18.4) 35 (19.2)

Laboratory Results

Positive cultures, n (%) 91 (68.4) 184 (67.6) 125 (68.7)

Lactate, mean (SD) 3 (2.4) 2.79 (1.99) 2.74 (1.88)

Bicarbonate, mean (SD) 23 (5.57) 22.5 (5.38) 22.6 (5.36)

Patient Outcomes

ICU LOS, median (IQR) 1.90 (1.18-3.8) 2.31 (1.35-5.39)
2.37 (1.31-5.23)

*

Hospital LOS, median (IQR) 8.36 (5.0-14.5) 8.69 (5.26-15.1) 8.58 (5.16-15.6)
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No Clinical Evidence of 
Fluid Overload (n=133)

Clinical Evidence of Fluid 

Overload Day 1 (n=272)
a

Clinical Evidence of 
Persistent Fluid Overload 

(n=182)
b

Hospital mortality, n (%) 17 (13.5)
76 (27.9)

*
61 (29.6)

*

APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment

a
Comparison between those with clinical evidence of fluid overload at day 1 and those without

b
Comparison between those with persistent evidence of fluid overload and those without

*
p<0.05
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Table 2

Fluid Balance and Weight in those with and without Clinical Evidence of Fluid Overload

No Clinical Evidence of 
Fluid Overload (133)

Clinical Evidence of Fluid 

Overload Day 1
a

Clinical Evidence of Persistent 

Fluid Overload
b

Fluid balance in mL, day 1 5793 (3135-8007) 4859 (2792-7140) p=0.1 4981 (2586-7108) p=0.19

Fluid balance, day 3 7132 (4242-10396) 6983 (4035-11161) p=0.84 6969 (4108-11125) p=0.9

Fluids received in mL, day 1 5337(1976-7087) 4481 (2480-6865) p=0.02 4586 (2342-6922) p=0.1

Fluids received in mL, day 3 500 (133-1495) 477 (210-960) p=0.78 472 (233-938) p=0.31

Admit weight in kg 76 (63.6-92.8) 83.1 (65.9-101.3) p=0.03 84.7 (68-106) p=0.003

Weight at day 1 in kg 82.7 (64.8-94.7) 81 (67.6-103) p=0.25 85.9 (71.1-110) p=0.01

Weight at day 3 in kg 83.5 (70.2-98.2) 84.2 (70.1-106) p=0.49 87.7 (70.1-111) p=0.07

Weight change in kg, day 1 0.0 (−0.1-4.8) 0 (−0.7-4.2) p=0.88 0.0 (−0.3-4.7) p=0.43

Weight change in kg, day 3 4.9(0.0-8.0) 4.1(0.0-9.5) p=0.61 4.5 (0.0-9.5) p=0.34

Day 1 and day 3 are defined as 24 and 72 hours after admission, respectively. Weight change is the difference between the weight at day 1 or day 3 
as compared to admission weight in kilograms (kg). All values expressed as median with the interquartile range in parentheses.

Data was available in 100% of the patients for fluid balance at both day 1 and day 3 and admit weight. However, approximately 55-56% and 
50-53% of patients in this cohort had a recorded weight at day 1 and day 3, respectively in fluid overload at day 1 and persistent fluid overload.

a
Comparison between those with clinical evidence of fluid overload at day 1 and those without

b
Comparison between those with persistent evidence of fluid overload and those without
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Table 3

Medical Interventions and Secondary Outcomes in those with Clinical Evidence of Fluid Overload: Univariate 

and Multivariate Analyses

UNIVARIATE ANALYSES Clinical Evidence of Fluid 
Overload Day 1 (n=272)

Clinical Evidence of Persistent 
Fluid Overload (n=182)

Medical interventions, OR (95% CI)

Thoracentesis
a 3.38 (1.28-8.95) 3.10 (1.44-6.68)

Paracentesis
b 0.58 (0.19-1.77) 0.57 (0.17-1.94)

Ultrafiltration
c 1.41 (0.66-3.02) 2.17 (1.06-4.43)

Diuretics
d 1.15 (0.71-1.86) 1.77 (1.09-2.87)

Secondary Outcomes

ICU LOS, mean difference (days) 0.54 (−0.38-1.46) 0.39 (−0.51 – 1.30)

Hospital LOS, mean difference (days) 0.99 (−2.25 – 4.22) 1.55 (−1.64 – 4.74)

30-day ICU readmission, OR (95% 
CI)

1.07 (0.62-1.84) 1.40 (0.839-2.34)

Hospital mortality, OR (95% CI) 2.33 (1.34-4.05) 1.89 (1.16-3.09)

MULTIVARIATE ANALYSES Medical interventions, OR (95% CI)

Thoracentesis
a
, 
e 3.40 (1.37-10.3) 3.83 (1.74-9.15)

Ultrafiltration
c
, 
e --- 1.90 (0.90-4.19)

Diuretics
d
, 
f --- 1.65 (1.00-2.72)

Secondary Outcomes

30-day ICU readmission, OR (95% 

CI)
e

--- 1.61 (0.94-2.79)

Hospital mortality, OR (95% CI)
e 2.27 (1.31-4.09) 1.92 (1.16-3.22)

Univariate analysis conducted on all outcomes of interest. Multivariate analyses was only conducted on those with a p value <0.2 in the univariate 
analysis.

a
excluded CHF (n=40)

b
excluded liver failure (n=34)

c
excluded chronic dialysis (n=39)

d
excluded outpatient diuretics (n=112)

e
adjusted for APACHE IV, initial lactate, admit weight

f
adjusted for APACHE IV, initial lactate, initial bicarbonate, CHF, admit weight
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