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Purpose: The purpose of this study is to assess whether late positive fluid balances are associated with acute kid-
ney injury and mortality in severe sepsis and septic shock.
Methods: In this retrospective study, fluid balances were calculated at 3 different time points: the onset of organ
dysfunction attributed to sepsis, sepsis diagnosis, and vasopressors initiation. Data were analyzed in logistic re-

gression models for mortality and acute kidney injury as outcomes.
Results:We included 116 patients. A RIFLE score F, diuresis less than 0.9 L from the second day after thefirst organ
dysfunction, and fluid balance more than 3 L between the 24th and the 48th hour after diagnosis were indepen-
dently associated with higher mortality, whereas in the subgroup with shock, only the latter parameter and di-
uresis less than 0.85 L on the first day of shock were independent risk factors. After adjusting for age, creatinine
more than 1.2mg/dL, a nonrenal Sequential Organ Failure Assessment greater than or equal to 7.5 on thefirst day
and urine output less than 1.3 L on the first day after organ dysfunctionwere independent risk factors for RIFLE F.
No relationship was found between fluid balance and acute kidney injury.
Conclusion: Late positive fluid balance is an independent risk factor for mortality in severe sepsis. Positive fluid
balances are not associated with either protection against or risk for acute kidney injury.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Severe sepsis and septic shock are among the most challenging con-
ditions in medicine. Despite major advances, these syndromes remain
major causes of death in intensive care units (ICUs), with an increasing
incidence as seen in observational studies [1,2].

Since the landmark Early Goal-directed Therapy study, several rec-
ommendations have been issued concerning fluidmanagement, mainly
consisting of large-volume fluid resuscitation, especially during the first
6 hours after sepsis onset [3,4]. It is widely acknowledged that a lack of
adequate fluid resuscitation during these crucial first hours can result in
tissue hypoperfusion and associated hazardous consequences [5,6]. In
contrast, liberal fluid resuscitation also results in large fluid balances,
and it is uncertain how long this strategy should be maintained. Recent
evidence also suggested that fluids in excess can have adverse effects
and can worsen outcomes [6]. A large randomized trial of patients
with acute lung injury showed that a restrictive fluid management
strategy resulted in fewer days on mechanical ventilation [7]. Positive
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fluid balances have been associated with higher morbidity and mortal-
ity in several observational studies with different clinical contexts, in-
cluding septic shock [8-16].

It is also a matter of debate how fluid management influences out-
comes regarding acute kidney injury. Oliguria is a common trigger of
fluid administration, and it is not clear whether fluid loading is effective
in protecting the kidneys from failing. There are observational data
showing that positive fluid balances might not be protective against,
and might even be associated with, worse outcomes [8,14,17].

Therefore, we hypothesized that large-volume resuscitation,
resulting in positive fluid balances after the first 6 hours from the
onset of the disease, would be associatedwithmortality in severe sepsis
and septic patients. We also tested the hypothesis that a positive fluid
balance would not be protective against acute kidney injury.

2. Methods

This was a retrospective analysis of a previously published prospec-
tive cohort study conducted in a 35-bed ICU at a university teaching
hospital [18].We included patients older than 18 years oldwith diagno-
ses of severe sepsis or septic shock, in accordance with the current def-
initions. Briefly, sepsis-induced organ dysfunction was considered one
of the following: hypotension, PaO2/oxygen inspiratory fraction
(FiO2) ratio less than or equal to 300, lactate level greater than or
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equal to 1.5 times the reference value and base deficit more than 5, bil-
irubin level more than 2 times the reference value, urine output less
than or equal to 0.5 mL/kg per hour after adequate volume replacement
or the need for renal replacement therapy, platelet count less than or
equal to 100 000 mm3 or a decrease of 50% from the previous 3 days'
values, and reduced level of consciousness. Septic shock was defined as
volume-refractory hypotensionwith a need for vasopressors. The exclu-
sion criteria were pregnancy and expectancy of death within less than
24 hours after admission to the ICU.

The studywas approved by the Research Ethics Committee of Hospi-
tal São Paulo under number 1477/06, and all of the patients or their legal
representatives signed informed consent forms.

We prospectively registered data on demographics, comorbid condi-
tions, sources of infection, and organ dysfunction as well as compliance
with the individual items of the Surviving Sepsis Campaign 6-hour bun-
dle, Acute Physiologic and Chronic Health Evaluation II (APACHE II) dur-
ing the first 24 hours of ICU admission, and the daily Sequential Organ
Failure Assessment (SOFA) scores for the first week. The medical charts
were retrospectively assessed to calculate the fluid balances and diuresis
over thefirst 3 days. The fluid balanceswere calculated at 3 different time
points: the onset of the first sepsis-induced organ dysfunction, the time
when sepsis was diagnosed, and the time when vasopressors were
started. To identify the time of organ dysfunction onset, the patient's
chart was carefully reviewed to determine the first registration of hypo-
tension, reduced level of consciousness, or low urine output as well as
the first laboratory sampling time at which the results fulfilled the respi-
ratory,metabolic, coagulation, or hepatic criteria for organ dysfunction. In
patients admitted to the emergency department (ED) alreadywith severe
sepsis criteria, we used the time of triage.We defined sepsis recognition as
the registration of a sepsis hypothesis in the patient's chart. Duration of
organ dysfunction was defined as the time frame between the onset of
dysfunction and its recognition. Starting from each of these time points,
the fluid balances were calculated at the first 6, 12, and 24 hours and be-
tween the 24th and 48th hours.We calculated fluid balance by adding all
of the fluid administered (intravenously, orally, and enteral) and
subtracting diuresis and fluid loss from drains and tubes, without consid-
ering insensible water loss. The information on fluid administration and
fluid loss are routinely registered by the nursing team in the patients'
chart. Acute kidney injurywas classified using theworst RIFLE score, con-
sidering either creatinine or diuresis, obtained during the first 5 days. The
patients were followed up until ICU discharge or death. The end points
were mortality at 60 days and a RIFLE score of F [19].

2.1. Statistical analysis

Categorical data are presented as percentages and were tested using
Pearson χ2 test and Fisher exact test, if applicable. Continuous variables
were tested for normality with the Kolmogorov-Smimov test and are
expressed asmedians and interquartile ranges or as themean±SDas ap-
plicable. We compared these variables using the Mann-Whitney U test.

Fluid balances, diuresis, age, APACHE II score, SOFA score, δ SOFA, cre-
atinine, and PaO2/FiO2 were categorized using receiver operator character-
istic curves to predictmortality. The best cut-off valueswere calculated for
all variables based on their sensitivity and specificity using Youden index.
All of the variables in the univariate analysis that had P values less than .2
were included in the multivariate logistic stepwise forward regression
models. In these analyses, we decided not to include variables with miss-
ing data formore than 10 patients because the lack of datawould have re-
sulted in serious inconsistencies. Three logistic regression models were
generated. The first 2, using hospital mortality as the outcome,were com-
posed of all of the patients as well as only the subgroup of patients with
shock. We ran a third model analyzing the risk factors for the occurrence
of a RIFLE score of F at any time during the first 5 days after admission.We
excluded from this analysis only patients under previous renal replace-
ment therapy. We included only variables from the first 24 hours after
sepsis diagnosis and nonrenal SOFA score instead of the total SOFA
score. The Hosmer-Lemeshow test was used to test the models' calibra-
tion, which was considered to be appropriate if P was higher than .10.
The results were deemed significant if Pb .05, and they are presented
with their respective odds ratio (ORs) and 95% confidence intervals.

Statisticswere analyzedwith the SPSS (IBM, Chicago, Illinois, USA) soft-
ware package, version 17.0 forWindows, and all of the tests were 2 tailed.

3. Results

From January 2007 to March 2009, a total of 176 patients were in-
cluded in the original cohort study. In the present study, only 116 of
those 176 patients were analyzed because 60 patients did not have suf-
ficient data for fluid balance calculations or because the medical chart
was not available. The main reason for these missing data is that fluid
balances were properly registered in our institution only in the ICUs,
and in some patients the first 6 hours occurred, while they were still
in the ED or in the wards. Septic shock represented 73.2% of the cases.
Median age was 60 years old (44-74), 63.5% were men, the median
APACHE II score was 17 (13-26), and the median SOFA score was 8
(5-10). The mortality rate was 62.1% (Table 1).

In the univariate analysis of thewhole population (n=116), APACHE
II greater than or equal to 22, age greater than or equal to 55, diabetes
mellitus, SOFA scores (D1, D3, and D7), the need for renal replacement
therapy, and RIFLE score of F were more frequent among nonsurvivors
(Pb .05). There were no differences between survivors and nonsurvivors
regarding compliance with 6-hour bundle components. Nonsurvivors
also had higher fluid balances at 24 hours (from the time of diagnosis
and from shock onset) and between the 24th and 48th hours, irrespective
of the starting point (first organdysfunction, diagnosis, or shock) (Pb .05).
Nonsurvivors also had lower urine output (Table 1). The categorized var-
iables, those related to fluid balance and diuresis and others, are present-
ed in Table S1 of the supplementary electronic materials. The first logistic
regressionmodel, considering thiswhole population, showed that a RIFLE
F, a fluid balance greater than 3 L between the 24th and the 48th hour
after sepsis diagnosis, and a urine output less than 0.9 L on day 2 after
the first organ dysfunction were independent risk factors for mortality.
After adjusting for age and APACHE II score, only RIFLE F and a fluid bal-
ance greater than 3 L between the 24th and the 48th hour after sepsis di-
agnosis remained in the model (Table 2).

In the subgroup of shock patients (n= 85), APACHE II greater than or
equal to 22, age greater than or equal to 55, RIFLE F, renal replacement
therapy andhigher SOFA scoresweremore frequent amongnonsurvivors
in the univariate analysis. Fluid balance between the 24th and 48th hours
were higher in nonsurvivors irrespective of the starting point (first
organ dysfunction, diagnosis or shock). Urine output was lower in
nonsurvivors at all of the time points. There was no difference in compli-
ance with the 6-hour bundle components. The results of univariate anal-
ysis are presented in Tables S3 and S4 in the electronic supplementary
materials. In the multivariate analysis, fluid balance between the 24th
and 48th hours from the onset of shock greater than 3.4 L and urine out-
put on thefirst day of shock less than 0.85 Lwere independent risk factors
for death, regardless of adjustment for age or APACHE II score (Table 2).

The univariate analysis for the risk factor for RIFLE F during thefirst 5
days is presented in Tables S5 and S6 in the supplementary materials.
Three patients were excluded because they were already on dialysis.
Creatinine greater than 1.2 mg/dL at baseline, nonrenal SOFA greater
than or equal to 7.5 on the first day, and urine output less than 1.3 L
on the first day after organ dysfunction were independent risk factors.
After adjusting for age and APACHE II score, there was no relevant
change in our results (Table 3).

4. Discussion

In this study, we demonstrated that a higher positive fluid balance
between 24 and 48 hours after the diagnosis of sepsis and the presence
of kidney dysfunction were associated with mortality in patients with



Table 1
Main characteristics of the whole population according to survival

Variable Whole cohort (n = 116) Survivors (n = 44) Nonsurvivors (n = 72) P⁎

Age (y) 60 (44-74) 57 (35-83) 63 (56-87) .024
Sex .605

Female 42 (36.5) 17 (38.6) 25 (34.7)
Male 74 (63.5) 27 (59.0) 47 (65.2)

APACHE II 17 (23-26) 15 (11-20) 18 (14-25) .026
Comorbidities

Arterial hypertension 50 (46.1) 15 (34.0) 35 (48.6) .125
CKD 11 (9.4) 4 (9.0) 7 (9.7) .910
Immunosuppression 12 (10.3) 3 (6.8) 9 (12.5) .330
Diabetes mellitus 22 (18.9) 4 (9.0) 18 (25) .034
Alcohol 10 (8.6) 4 (9.0) 6 (8.3) .877
COPD 13 (11.2) 6 (13.6) 7 (9.7) .517
Cancer 30 (25.8) 13 (29.5) 17 (23.6) .479

Admission category .292
Medical 60 (43.1) 20 (45.4) 40 (55.6)
Surgical 56 (48.2) 24 (54.5) 32 (44.4)

Sepsis category .570
Severe sepsis 46 (39.6) 16 (36.4) 30 (41.7)
Septic shock 70 (40.3) 28 (63.6) 42 (58.3)

Infection category .917
Community 31 (26.7) 12 (27.3) 19 (26.4)
Nosocomial 85 (73.3) 32 (72.7) 53 (73.6)

Infection site .568
Lung 68 (58.8) 26 (59.1) 42 (58.3)
Abdominal 27 (23.2) 8 (18.2) 19(26.4)
Urinary tract 7 (6.0) 4 (9.0) 3(4,2)
Others 14 (12.0) 6 (13.6) 8 (11.1)

Organ dysfunction (n) 2.0 (2.0-3.0) 2.0 (2.0-3.0) 2.0 (2.0-3.0) .138
Duration of dysfunction (h) 5.7 (0-10.9) 5.28 (0.0-10.8) 5.7(0.0-10.8) .649
Mechanical ventilation 92 (79.3) 35 (79.5) 57 (79.1) .961
PaO2/FiO2 209 (160-289) 219 (170-300) 202 (154-261) .292
SOFA

D0 8 (5-10) 7(5-9) 8 (6-10) .170
D1 9 (6-11) 8 (6-10) 10 (7-13) .010
D3 8 (5-10) 6 (4-8) 9 (6-11) b .001
D7 7 (3-10) 4 (1-5) 10 (7-13) b .001

δ SOFA
D3-D0 −1(−5 to 2,5) −3 (−6 to −1) 0 (-2- 4) b .001
D7-D0 0 (0-1) −3 (−6 to −1) 0 (-2- 4) b .001

Creatinine
D0 1.2 (0.7-2.0) 1.0(0.6-2.8) 1.6(0.8-2.0) .247
D1 1.4 (0.7-2.2) 1.0(0.5-2.4) 1.6(0.8-2.1) .065
D2 1.4 (0.7-2.4) 1.0 (0.6-2.4) 1.6 (0.8-2.3) .039

RIFLE F or worse 65 (56) 14 (31.8) 51 (70.8) b .001
Hemodialysis 34 (29.3) 5 (11.3) 29 (40) .001
Compliance with 6-hour bundle

Lactate 28 (24.1) 9 (20.4) 19 (26.3) .469
Blood cultures 44 (37.9) 14 (31.8) 30 (41.6) .289
Antibiotic therapy 52 (44.8) 16 (36.3) 36 (50.0) .152
Fluids/vasopressor 114 (98.2) 44 (100.0) 70 (97.2) .257
CVP optimization 40 (34.4) 13 (29.3) 27 (37.5) .257
SvcO2 optimization 35 (30.1) 13 (29.3) 22 (30.5) .838

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVP, central venous pressure; SvcO2, central venous oxygen saturation.
Results expressed as numbers (%) or medians and interquartile ranges (25%-75%).
⁎ χ2 and Mann-Whitney U tests (univariate analysis).
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severe sepsis and septic shock. In patients with shock, we also found
that fluid balance between 24 and 48 hours and reduced urinary output
after shock onset were associated with mortality. Moreover, a positive
fluid balance during the first 24 hours after diagnosis or after shock
onset was not a protective factor against mortality. Positive fluid bal-
ances were also not associated with acute kidney injury, either as risk
factors or protective factors.

It is well known that the earlier the timing of interventions, the bet-
ter the results of the treatmentwill be for severe sepsis and septic shock
[20]. The most important evidence of this relationship came from a
single-center trial with the specificities of an EDpopulation [3]. Notably,
the interventionswere restricted to the first 6 hours. Patients arriving at
the ED likely did not have long time courses of organ dysfunction.
Therefore, the efficacy of the interventions startedduring this 6-hour in-
terval likely held true, but one cannot assume that these outcomes
would also pertain for longer intervals, such as 12 or 24 hours. Earlier
studies of hemodynamic resuscitation from shock failed to provide ben-
efit, most likely because they did not consider the starting points of the
diseases treated [21,22]. It has already been demonstrated that the du-
ration of organ dysfunction can be very long [23]. Thus, even resuscita-
tion strategies starting sooner after sepsis diagnosis could actually be
considered late interventions. We might expect that a positive fluid bal-
ance during the first 6 hours, especially when measured from the onset
of the first organ dysfunction, would be a protective strategy. However,
we did not find this effect in our study. Another important marker
would be the onset of shock, and it was also expected that fluid resuscita-
tionwould confer some benefit when considering this time point.We did
not find this outcome in our study either. Fluid balances were not protec-
tive in any of the time windows analyzed. However, our limited sample
size and the observational nature of the study limited our interpretations;



Table 2
Risk factors for mortality—multivariate analysis

Variable P OR 95% CI

Whole population (n = 101)
Nonadjusted analysis
RIFLE F or worse .029 3.03 1.12-8.26
Fluid balance 24-48 h, N3000 mLa .021 3.14 1.18-8.33
Urine output at day 2, b900 mLa .037 4.46 1.09-18.1
Adjusted for age and APACHE II
RIFLE F or worse .034 2.95 1.08-8.06
Fluid balance 24-48 h, N3000 mLa .021 3.19 1.19-8.54
Urine output at day 2, b900 mLa .067 3.84 0.90-16.39

Patients with shock (n = 71)
Nonadjusted analysis
Fluid balance 24-48 h, N3400 mLb .015 4.46 1.34-14.9
Urine output in day 1, b850 mLb .005 19.6 2.40-16.6
Adjusted for age and APACHE II
Fluid balance 24-48 h, N3400 mLb .020 4.32 1.25-14.9
Diuresis in day 1, b850 mLb .010 16.3 1.97-14.2

Abbreviation: CI, confidence interval.
a Fluid balance and urine output calculated after the sepsis diagnosis.
b Fluid balance and urine output calculated after shock onset. Stepwise forward logistic

regression. Whole population: Hosmer-Lemeshow for nonadjusted model, P= .61; and
adjustedmodel, P= .707. Patientswith shock: Hosmer-Lemeshow for nonadjustedmodel,
P= .753; and adjustedmodel, P= .648. In the patients with shock, the following variables
were not included due to missing data: fluid balance in the first 6 hours after dysfunction,
fluid balance between the 24th and 48th hours after diagnosis, creatinine on the first and
the second days, and SOFA score on the seventh day.
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thus, we cannot exclude a protective effect of positive fluid balances dur-
ing these time intervals. However, taken together, wemight suggest that
the therapeutic time window for the treatment of severe sepsis is very
short, thus reinforcing the need for early detection and treatment.

Several researchers have suggested a burden of morbidity and mor-
tality associated with positive fluid balances within multiple contexts
[6,13-15]. We found an association between late (between the 24th
and 48th hours after diagnosis and after the onset of shock) positive
fluid balance and mortality. Our findings were consistent with the re-
sults of previous studies. We can hypothesize that fluid resuscitation
outside of the therapeutic time window is not only a futile strategy
but also exposes patients to harmful effects. [24,25]

Another important contribution was the finding of advanced acute
kidney injury, defined as a RIFLE score of F, as a mortality risk factor
[26]. This finding was also consistent with previous studies [27]. Acute
kidney injury not only augments the risk of death, but it also makes pa-
tientmanagementmore complex,with the need for dialysis and its con-
sequent toll onmorbidity and its costs. Much emphasis has been placed
on the need for preventive measures, but very little is known about
what these measures should be. Traditionally, it has been recommend-
ed tomaintain patients as euvolemic and hydrated. Our findings did not
support a protective role for positive fluid balance or kidney function,
even during the first 6 hours. Our findings were in accordance with
those of other studies involving septic and nonseptic patients [8,14].
These findings are in agreement with the hypothesis that the
Table 3
Risk factors for acute kidney injury (RIFLE 3)—multivariate analysis

Variable P OR 95% CI

Nonadjusted
Creatinine on day 0, N1.2 b .001 9.0 3.09-26.31
Nonrenal SOFA on day 1, N7.5 .021 3.69 1.21-11.2
Urine output on the first day, b1300 mLa .010 3.75 1.37-10.20

Adjusted for age and APACHE II
Creatinine D0, N1.2 b .001 8.92 3.07-26.31
Nonrenal SOFA on day 1, N7.5 .026 3.73 1.17-11.90
Urine output on the first day, b1300 mLa .020 3.59 1.22-10.63

a After the first dysfunction. Stepwise forward logistic regression. Hosmer-Lemeshow
for nonadjusted model, P= .992; and adjusted model, P= .620. Only baseline variables
were considered.
pathophysiology of sepsis-related kidney dysfunction is complex and
involves more than just hydration status and perfusion parameters.
Therefore, oliguria and creatinine elevations per se might not be good
indications for fluid challenges.

Our study had some strengths. Our population was a consecutive
prospective cohort with high disease severity. We established specific
time windows to define early and late time points as well as important
starting points (eg, detection of the first sepsis-related organ dysfunc-
tion, the time of sepsis diagnosis, and the onset of shock). We could
also prospectively assess compliance with the 6-hour Surviving Sepsis
Campaign bundle. Because there were no differences in compliance
among the groups, for either survival or RIFLE status, it is unlikely that
these variableswould have affected the relationships betweenfluid bal-
ance and the outcomes studied.

This study also had several limitations. Because this was an observa-
tional study,we could not infer any causal relationships. The observation-
al design and that it was a single-center study also reduced its external
validity. Another important limitation was the absence of data from 60
patients, whichmight have biased our results. We also need to recognize
that some of our variables are correlated, such as urine output and fluid
balance. This might cause some instability in our multivariate regression
model. However, our results suggest that low urine output and positive
fluid balances are both independent risk factor for mortality. Our results
should also be interpreted bearing in mind the small sample size; thus,
the absence of associations between early fluid balance and survival
might have been due to a lack of statistical power. However, even with
such a small sample size, we could establish that late positive fluid bal-
ance was an independent risk factor for mortality, suggesting that this
findingwas consistent andmost likely stronger than thehypothetical sur-
vival benefit of an early positive balance.

5. Conclusion

Positivefluid balance between the 24th and 48th hours after the diag-
nosis of severe sepsis and the onset of septic shockwere independent risk
factors for mortality. Earlier positive fluid balances were not associated
with survival. Positive fluid balances were not associatedwith either pro-
tection or with the risk for acute kidney injury. Our results raise the hy-
pothesis that a judicious fluid balance after early resuscitation might be
a useful tool to improve outcomes in sepsis.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jcrc.2014.09.002.
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