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Abstract

Objective—Among critically ill patients with acute kidney injury, exposure to positive fluid
balance (FB), compared with negative FB, has been associated with mortality and impaired renal
recovery. However, its unclear whether positive and negative FB are associated with poor outcome
compared to patients with even fluid balance (euvolemia). In this study, we examined the
association between exposure to positive or negative FB, compared with even FB, on one-year
mortality and renal recovery.

Design—~Retrospective cohort study.

Setting—Eight medical-surgical ICUs at the University of Pittsburgh Medical Center, Pittsburgh,
PA.
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Patients—Critically ill patients admitted between July 2000 through October 2008.
Interventions—None

Measurements & Main Results—Among 18,084 patients, FB was categorized as negative
(<0%); even (0 % — < 5%); or positive (=5%). Following propensity matching, positive FB,
compared with even or negative FB, was associated with increased mortality (30.3% vs. 21.1% vs.
22%, respectively, P<0.001). Using Gray’s model, negative compared with even FB, was
associated with lower short-term mortality (adjusted hazard ratio range [AHR], 0.81, 95%ClI,
0.68-0.96) but higher long-term mortality (AHR range, 1.16-1.22, P=0.004). Conversely, positive
FB, was associated with higher mortality throughout one-year (AHR range, 1.30-1.92, P<0.001),
which was attenuated in those who received RRT (Positive FB*RRT interaction AHR range, 0.43-
0.89, P<0.001). Of patients receiving RRT, neither positive (adjusted odds ratio [AOR], 95% ClI,
0.98, 0.68-1.4) nor negative (AOR, 0.81, 95% CI, 0.43-1.55) FB was associated with renal
recovery.

Conclusions—Among critically ill patients, exposure to positive or negative FB, compared with
even FB, was associated with higher one-year mortality. This mortality risk associated with
positive FB, however, was attenuated by use of RRT. We found no association between FB and
renal recovery.

Keywords
acute kidney injury; renal replacement therapy; dialysis; fluid balance; renal recovery; mortality

Introduction

Fluid homeostasis is frequently disrupted in critically ill patients. Especially, in those with
acute kidney injury (AKI), positive or negative fluid balance (FB) is common. Although
positive FB is reported in up to 40% of patients admitted to the intensive care unit (ICU)(1),
the association between exposure to positive FB and long-term outcome is unclear. While
some studies found a positive FB of >10% of body weight is associated with increased risk
of short-term mortality (2-4), other studies found no such association (5). Prior studies were
also confounded by indication bias for fluid administration (6, 7), included only a small
number of patients (3), compared patients with positive FB to only negative FB (8), or did
not control for premorbid conditions (e.g., chronic liver disease or heart failure) (9).

Negative FB is reported in up to 30% of critically ill patients (10) and is associated with
lower risk-adjusted short-term mortality in some observational studies (11), whereas, other
studies report no such association (5). Negative FB has also been advocated for early
liberation from mechanical ventilation (5). However, observational studies indicate that
exposure to negative FB may be associated with harm such as neurocognitive dysfunction
(12). Moreover, these studies have used positive FB as a comparator instead of even FB,
which is a physiological state. Whether exposure to negative FB, compared with even FB, is
associated with long-term outcome, is unclear.

Among patients receiving renal replacement therapy (RRT), positive FB has been
hypothesized to impair renal recovery by distortion of tissue architecture (13), predisposing
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to persistent dependence on RRT (14). Whereas, negative FB has been associated with
earlier independence from RRT (11). However, no large study has examined the association
between positive or negative FB, compared with even FB, on long-term renal recovery. In a
large retrospective study of critically ill patients, we tested two hypotheses. First, we
examined whether exposure to positive or negative FB, compared with even FB, is
associated with risk-adjusted one-year mortality. Second, among patients receiving RRT, we
examined whether positive or negative FB, compared with even FB, is associated with renal
recovery.

Materials and Methods

Data Source

We conducted a retrospective study using a large academic medical center ICU database: the
High-Density Intensive Care (HIDenlIC) dataset. HIDenlIC is a HIPAA compliant, limited
dataset of adult patients admitted to ICUs at the University of Pittsburgh Medical Center,
Pittsburgh, PA, details of which have been published elsewhere (15). The study population
included adults admitted to medical, cardiac, abdominal transplant, cardiothoracic, surgical,
neurovascular, neurotrauma, and trauma during an 8-year period (July 2000 through October
2008). More detailed description is in the supplement (S1). The University of Pittsburgh’s
institutional review board approved the study.

Determination of Cumulative Fluid Balance

For each patient, we determined the cumulative FB expressed as percentage (%) from ICU
admission until the end of the index ICU stay or until initiation of RRT, whichever was
earlier, using the following equation (16):

(Cumulative daily fluid input — Output) in liters x 100

Cumulative Fluid Balance (%)= Hospital admission weight (k)

Details regarding input and output fluids is described in the supplement (S2):

Definition of AKI

AKI was defined and classified according to the maximum Kidney Disease Improving
Global Outcomes (KDIGO) criteria based on serum creatinine, urine output or both (17)
during their entire length of index hospitalization (Supplement S3).

Outcomes

The primary outcome was time to mortality (censored at 1 year) from the index ICU
admission, and renal recovery defined as alive andindependent from RRT at one year.
Dialysis dependence data was obtained from the United States Renal Data System (18), and
mortality data from the Social Security Death Master File (19).

Crit Care Med. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Balakumar et al.

Page 4

Statistical Analyses

Results

We first examined the relationship between cumulative FB percentage and crude hospital
mortality (Supplementary Figure E1). We defined negative, even, and positive FB as <0%,
0%-<5%, and = 5%, respectively. For all analyses, patient characteristics were compared
between those with negative or positive FB and even FB. Categorical variables were
compared using Chi-squared test and continuous using one way analysis of variance and
Kruskal-Wallis test.

We assessed the strength of association between FB and outcomes by conducting a three-
way matched case-control study in which patients with negative or positive FB (cases) were
matched with even FB (controls) in a 1:1:1 ratio using propensity scores (Supplement S4).
We examined time to mortality censored at 1 year between the three FB groups using
Kaplan Meier failure plots and compared using Log-rank test. We fitted Gray’s model (20)
(supplement S5) to estimate risk-adjusted hazard ratios (AHR) for association between
positive or negative FB, compared with even FB (reference category), and time to mortality
censored at 1 year using five time nodes and six intervals, since Cox models failed
proportionality assumptions for several covariates. We also fitted multivariable logistic
regression and estimated risk-adjusted odds ratios (AOR) for mortality and renal recovery.

We adjusted for differences in age, race, baseline serum creatinine, body mass index,
comorbidities, cardiac disease, heart failure, chronic liver disease and associated sequelae,
admission for liver transplantation, malignancy, surgery, APACHE-I1II score, vasopressor
use, mechanical ventilation use, suspected sepsis, and hypotensive index at ICU admission,
presence of oliguria, AKI during hospitalization and use of RRT.

We performed three sensitivity analyses. First, we accounted for confounding due to
undetected AKI caused by hemodilution by estimating FB-adjusted serum creatinine (21)
(Supplement S6). Second, we varied the duration of FB calculation upto 72 hours and 7 days
from ICU admission. Third, we used alternative threshold for defining FB as follows:
negative (i.e, < -5%), even (—5% — 0%), and positive (=0%). Statistical analyses were
performed using SAS 9.3 (SAS Institute, Cary, NC, USA) and Gray’s model analyses were
performed using R 3.2.1, assuming statistical significance at P value <0.05.

Patient Characteristics

Of 45,568 patients, we excluded patients with no available baseline weight (n=2,214), ICU
duration < 48hrs (n=18,032), death within 72hrs of ICU admission (n=663), chronic dialysis
(n=2,386), admission for and those with history of renal transplantation (n=1,232), and
serum creatinine = 3.5 mgs/dl within 1 year of hospitalization (n=147), and missing data on
FB (n=2,810). Of 18,084 patients who formed the analysis cohort, 15,229 patients (84%)
developed AKI and 1,545 patients (8.5%) received RRT. The distribution of negative, even,
and positive FB were, 26.6%, 28.2%, and 45.3%, respectively. Patients with positive and
even FB were slightly older than those with negative FB (Table 1). Minor differences were
noted among male sex, body mass index, and baseline serum creatinine between groups.
History of cardiac disease and heart failure were more prevalent among patients with
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negative FB. Whereas, chronic liver disease, history of liver transplantation and admission
for liver transplantation, multiple comorbidities, and malignancy were more prevalent in
patients with positive FB.

At ICU admission, patients with positive FB were likely to be under surgical services, have
sepsis, be severely ill, have severe hypotension, and require vasopressors or mechanical
ventilation. AKI within 24 hours of ICU admission was more prevalent among patients with
even FB. Patients with positive FB, received more fluids in the first 24 hours of ICU
admission, and had a mean positive balance of 1,729 mls per day. Patients with negative FB
had a mean negative balance of 713 mls per day. At 72 hours and 7 days, patients with
positive FB, had a median positive balance of 5.78 litres and 7.21 litres, whereas, patients in
the negative FB had a median negative balance of 960 mls and 1.77 litres, respectively
(Table 1).

Between FB and Mortality

Patients with positive FB were more likely to develop AKI, have oliguria, require RRT, have
higher hospital length of stay, and increased mortality, compared with even or negative FB
(Table 2; Figure 1). After propensity matching, 2,306 trios were generated, wherein patients
with negative, even, and positive FB had similar characteristics except AKI on ICU
admission (Table E1). Patients with positive FB had higher RRT requirement and mortality
(Table E2), compared with even or negative FB (Figure E3).

Using logistic regression, positive FB, compared with even FB, was associated with 1-year
mortality (AOR, 1.72, 95% CI, 1.55 — 1.92; Table E3). Using Gray’s model, positive FB was
associated with highest risk of death within the first 178 days after ICU admission (AHR
range,1.61-1.92). Subsequently, though this risk was attenuated (AHR, 1.30), the association
persisted upto 365 days (P< 0.001; Table 3; Figure 2B). However, there was an interaction
between positive FB and RRT such that patients with positive FB who received RRT had
lower mortality (AHR range for interaction, 0.43-0.89, P value <0.001; Table E4, Figure
E4).

Association between positive FB and mortality was also present among the subgroup of
patients who never received RRT (Table 3; Figure E5D) and those who never developed AKI
(Figure E5F). Nevertheless, this risk was absent among the subgroup of patients who
received RRT (Figure E5B; Table 3). We found no difference in mortality between those
who received continuous renal replacement therapy (CRRT) vs. intermittent hemodialysis
(IHD) (AOR, 1.35, 95%Cl, 0.97-1.87, P=0.0706).

Negative FB, as compared with even FB, was not associated with mortality using logisitic
regression (AOR, 1.067, 95% ClI, 0.94 — 1.21; Table E3). However, using Gray’s model,
negative FB had variable association with mortality. Up to 11 days following ICU
admission, negative FB was associated with lower mortality (AHR, 0.81, 95%CI, 0.68-0.96;
Figure 2A; Table 3). After 88 days, negative FB was associated with higher mortality that
persisted upto 365 days (AHR, 1.16-1.22; Figure 2A; Table 3). This variable association
was also present among the subgroup of patients who never received RRT (Table 3, Figure
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E5C). Whereas, patients with negative FB when compared with positive FB, had lower
mortality throughout 365 days (AHR range, 0.48 — 0.84; Figure 2C; Table 3).

Between FB and Renal Recovery in Patients Receiving RRT

Of patients receiving RRT (n=1,545), the distribution of negative, even, and positive FB
before initiation of RRT were, 5.8%, 19.1%, and 75.1%, respectively. Minor differences
were noted in race, body mass index, hypotensive index, baseline serum creatinine and
estimated glomerular filtration rate (eGFR), and RRT modality (Table E5). Negative FB was
more prevalent in patients with history of cardiac disease, heart failure, and multiple
comorbidities. Patients with positive FB were more likely to have history of chronic liver
disease, were admitted under surgical service, and for liver transplantation, and receive
CRRT.

Patients with positive FB received more fluids in the first 24 hours of ICU admission; were
severely ill and more likely to receive mechanical ventilation; were a median 10 litres
positive at 7 days after ICU admission, and had higher hospital length of stay. There was
delayed initiation of RRT among patients with positive FB. Vasopressor use was more
common among patients with even FB. There were no differences in the distribution of
mortality or renal recovery between the three FB groups (Table E5). Of the subgroup of 585
survivors (37.9%) at 1 year, 462 (79%) were independent of RRT.

After propensity matching, there was no difference in renal recovery (Table E2). Using
logisitic regression, neither negative (AOR, 0.81, 95% CI, 0.43-1.6) nor positive FB (AOR,
0.98, 95% ClI, 0.68 — 1.4), was associated with renal recovery (Table E6). We also found no
association between FB and renal recovery among survivors (n=585) at one year (positive
FB AOR, 0.92 [0.48 — 1.74]; negative FB AOR, 0.68 [0.26 — 1.77]; Table EG6).

Sensitivity Analyses for Association Between FB and Mortality

When risk of AKI was re-defined using FB-adjusted serum creatinine (21), positive FB was
still associated with higher risk of death (AHR range, 1.40 — 1.67, P<0.001; Table E7),
whereas, negative FB had variable association (AHR range, 0.77 — 1.22, P=0.019). While
exposure to negative or positive FB upto 72 hours was not associated with mortality,
prolonged exposure to positive FB upto 7 days was associated with risk of death (AHR
range, 1.26 — 1.50, P< 0.001). Negative FB, however, was associated with lower risk initially
(AHR, 0.82) and higher risk (AHR 1.14-1.18 Table E6) subsequently. After re-defining
negative, even, and positive FB as < -5%, -5 to <0%, and =0% FB, respectively, we found
that negative FB was associated with higher risk of death only after 42 days (AHR range
1.21-1.36). Whereas, positive FB was associated with mortality up to 178 days (AHR range
1.23-1.64, Table E6).

Discussion

Among critically ill patients, positive compared with even and negative FB, was associated
with higher risk of death persisting up to one year. Whereas, negative FB compared with
even FB, had variable association: Early on after ICU admission it was associated with lower
risk, subsequently however, negative FB was associated with higher risk of death that
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persisted up to one year. Among patients receiving RRT, neither negative nor positive FB
was associated with renal recovery.

Our study addresses several knowledge gaps not addressed by prior literature. First, previous
studies that found association between positive FB and mortality have only used negative FB
(8) as a comparator population resulting in over estimation of the benefit of negative FB (or
harm associated with positive FB) in critically ill patients. Whereas, our study is the first to
compare patients with positive to that of even FB comprising nearly one-third of ICU
patients. Although our finding suggests that positive FB is associated with mortality, our risk
estimates for positive FB and mortality were somewhat modest compared to patients with
even FB.

Second, we used propensity matching to account for indication bias for fluid administration,
and also extensively adjusted for severity of illness, severity of hypotension, as well as other
variables to account for residual confounding, and performed sensitivity analyses which
other studies have not addressed. Our finding suggests that positive FB per se is associated
with long-term risk of death independent of severity of illness. Third, we found a significant
interaction between positive FB and RRT, such that, patients with positive FB who received
RRT had lower mortality compared to patients with even FB (Figure E4). Taken together
these findings suggest that once fluid overload has occurred, mechanical fluid removal, may
lower long-term risk of death.

Fourth, using Gray’s modeling approach to delineate the varying hazard of death associated
with exposure to positive or negative FB at various time intervals, we found that negative
FB, compared with even FB, was associated with lower mortality only in the short-term but
increased mortality in the long-term. This finding is in contrast with the propensity-matched
analyses, which may have been underpowered to detect small differences in mortality due to
small sample size. Moreover, the potential early benefit associated with negative FB might
have attenuated any harm driving the association towards null in the propensity-matched
analyses and the multivariable logistic regression models.

We believe that the short-term mortality benefit associated with negative FB might be due to
ICU care since most patients remain on organ support. However, the mechanism behind
increased long-term risk are unknown and not previously reported in the literature. Also,
prior studies only compared patients with negative FB to that of positive FB and has over-
estimated the mortality benefit associated with negative FB (11). Our study challenges the
exisiting paradigm and suggests that negative FB is relatively “beneficial” only when
compared to patients with positive FB, which is a pathological state. Whereas, negative FB
is associated with harm when compared to patients with even FB, which may represent a
physiologic state.

Our study finding has implications for clinical care. For instance, negative FB is currently

advocated for liberating patients early from mechanical ventilator (5). However, the long-

term consequences of such recommendations are unclear. Nevertheless, our study supports
other studies that found evidence of harm associated with negative FB. For instance, in the
Fluid and Catheter Treatment Trial (FACTT), patients randomized to conservative fluid
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management strategy, though liberated from mechanical ventilator earlier, had a higher risk
of neurocognitive dysfunction at one year than those randomized to liberal fluid
management strategy (12). Thus, our study suggests further research is needed to disentangle
the relative benefit and harm associated with negative FB.

Fifth, in our study, both negative and positive FB prior to initiation of RRT were not
associated with renal recovery. Our findings differ from prior studies that showed fluid
overload at dialysis initiation is associated with dialysis dependence at hospital discharge
(22), and at 1 year (23). These conflicting results underline a need for better understanding
of the impact of FB on long-term renal recovery.

Our study has important limitations. First, given the observational nature of the study, it is
not possible to make causal inferences between FB and outcomes. Second, we only
calculated FB from ICU admission since FB charting in the emergency department or ward
are known to be unreliable (24) which, could have resulted in misclassification of FB.
Nevertheless, this misclassification is non-differential and is only likely to bias the results
towards the null hypothesis. Third, we do not know whether patients in the even FB category
represent euvolemia. Nevertheless, we chose 0%-5% FB as euvolemia because most
patients who receive fluids in the first 24 hrs of ICU admission are presumed to have
unaccounted hypovolemia. Nevetheless, our sensitivity analysis shows that even when
euvolemia was defined —5% to 0%, association between negative or positive FB on
outcomes were unchanged. Fourth, being a retrospective study, we were unable to account
for any measurement errors related to weight. Fifth, we treated all variables with constant
hazard in the Grays model, which might have introduced residual confounding due to time-
varying nature of some of the variables (e.g., severity of illness). Sixth, being a single centre
study, our study may not be generalizable to other ICU populations. Nevertheless, our ICU
patient population included a variety of medical and surgical patients typical of academic
medical center ICU population.

Conclusions

In this large study, we found patients with positive FB had higher one year risk-adjusted
mortality compared to patients with even FB. This mortality risk associated with positive FB
was attenuated by use of RRT. Whereas, patients with negative FB had variable association
with mortality. Early after ICU admission, negative FB was associated with decreased risk of
death. Later on, however, it was associated with higher mortality that persisted up to one
year. Among patients receiving RRT, FB was not associated with renal recovery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association between positive, even, and negative FB and mortality
The Kaplan Meier failure plots by FB for probability of death over 1 year from ICU

admission in the overall cohort. Red line represents positive FB (= 5%), green line represents
even FB (0 — < 5%), and blue line represents negative FB (< 0%). The probability of death
was highest in the positive FB and lowest in the negative FB, compared with even FB group
(Log rank P<0.001).
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Figure 2. Association between FB and risk-adjusted mortality using Gray’s model
Figure shows varying adjusted hazard ratios with 95% Cls for risk of death over 365 days

estimated from Gray's model using five time nodes and six intervals. A hazard ratio < 1
suggests that FB is associated with lower mortality and a hazard ratio > 1 suggests FB is
associated with higher mortality. Models were adjusted for age, race, baseline serum
creatinine, body mass index, comorbidities, cardiac disease, heart failure, liver disease and
associated sequelae, liver transplantation, malignancy, surgery, admission APACHE 11
score, vasopressor use, mechanical ventilation use, suspected sepsis, and hypotensive index,
oliguria, AKI and RRT use.
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Negative FB as compared with even FB, is associated with decreased risk for death in the
first 21 days after ICU admission, however subsequently, the risk of death is significantly
higher from 88 days up to one year (A). Positive FB as compared with even FB, is
associated with increased risk of death over one year. This risk was much higher early on
and is relatively less from 178 days after ICU admission till the remainder of the year (B).
Negative FB as compared with positive FB, was associated with decreased risk of death over
the 1 year with the lowest risk upto 11 days after ICU admission (C).

Crit Care Med. Author manuscript; available in PMC 2018 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Balakumar et al. Page 14

Table 1
Patient Characteristics by Fluid Balance
No (%)
Characteristic Negative FB Even FB Positive FB P value
(N=4,804) (N=5,096) (N=8,184)

Age, yrs, median (IQR) 59 (47-71) 60 (48-73) 62 (49-74) <0.001
Male 2,705 (56.3) 2,968 (58.2) 4,554 (55.7) 0.0124
Race

Caucasian 3,836 (79.8) 4,010 (78.7) 6,368 (77.8) 0.084

African-American 335 (7) 367 (7.2) 641 (7.8)

Other 633 (13.2) 719 (14.1) 1,175 (14.4)
BMI, kg/m? median (IQR) 26.6 (22.4-31.2) 26.9 (22.8-31.6) 25.1 (21.1-29.3) <0.001
Baseline serum creatinine, mg/dl, median (IQR) 0.86 (0.7 — 1.05) 0.9 (0.77 - 1.04) 0.9 (0.7 - 1.06) 0.0418
History of hypertension 1,512 (31.5) 1,550 (30.4) 2,606 (31.8) 0.22
History of diabetes 814 (16.9) 809 (15.9) 1,402 (71.1) 0.15
History of cardiac disease 979 (20.4) 834 (16.4) 1,329 (16.2) <0.001
History of vascular disease 443 (9.2) 450 (8.8) 810 (9.9) 0.10
History of heart failure 778 (16.2) 617 (12.1) 1,022 (12.5) <0.001
History of malignant neoplasms 139 (2.9) 177 (3.5) 376 (4.6) <0.001
History of chronic liver disease 352 (7.3) 485 (9.5) 1,188 (14.5) <0.001
History of sequela from liver disease 283 (5.9) 381 (7.5) 999 (12.2) <0.001
History of liver transplantation 95 (2) 109 (2.1) 285 (3.5) <0.001
Admission for liver transplantation 149 (3.1) 237 (4.7) 651 (8) <0.001
Multiple comorbidities 2,105 (43.8) 2,139 (42) 3,904 (47.7) <0.001
Surgical admission 2,845 (59.2) 3,089 (60.6) 5,447 (66.6) <0.001
Medical Admission 1,589 (33.1) 1,625 (31.9) 2,216 (27.1)
Vasopressor use ™ 1,195 (24.9) 1,185 (23.3) 2,616 (32) <0.001
Mechanical ventilation ™ 2,640 (54.9) 3,021 (59.3) 5,981 (73.1) <0.001
Sepsis * 583 (12.1) 618 (12.1) 1,467 (17.9) <0.001
APACHE II1 score, median (IQR) 55 (39-74) 58 (42-78) 74 (55-94) <0.001
Hypotensive index, mmHg-hr, mean (SD)7 7.27 (0.34) 6.71 (0.31) 9.98 (0.3) <0.001
AKI within 24hrs of ICU admission 1,322 (27.5) 1,704 (33.4) 2,529 (30.9) <0.001
Fluids administered in the first 24 hrs of ICU 2.71(1.78 -3.97) 3.30 (2.32 - 4.65) 4.29 (2.97 - 6.42) <0.001
admission, L, median (IQR)
Mean fluid balance during ICU stay, L, mean (SD) -0.713 (0.01) 0.639 (0.01) 1.729 (0.02) <0.001
Fluid balance, L/day, median (IQR)

At 72 hours -0.966 (-2.546 —0.726)  1.968 (0.78-3.435)  5.781(3.42-8.903)  <0.001

At 7 days -1.775(-3.771--0561) 1.862(0.835-3.08) 7.218 (4.711-11.147)  <0.001

Abbreviations: BMI — Body Mass Index; IQR - interquartile range; SD - standard deviation; APACHE, Acute Physiology and Chronic Health
Evaluation; AKI, acute kidney injury

Missing data: Age (n=6); BMI (n=3151); type of admission (n=1273); 72 hour fluid balance (n=34); 7 day fluid balance (n=21); APACHE-III
(n=31); reference serum creatinine (n=2); hypotensive index (n=164); fluids administered in first 24 hours (n=50).
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*
At ICU admission

nypotensive index defined as area under the curve for severity and duration of hypotension. Severity of hypotension was measured using a
hypotensive index which integrates the duration and depth of systolic blood pressure (SBP) <90 mmHg in the first 24 hours after ICU admission.
mmHg-hr is defined as a lowering of BP below 90 mm Hg over a time interval of 24 hours {i.e., a BP of 80 mmHg for 1 hour and BP =90 mmHg
for 23 hours will result in 10 mmHg-hr ([90-80]*1=10); a BP of 85 mmHg for 10 hours and a BP 290 mmHg for 14 hours will result in 50 mmHg-
hr ([90-85]*10=50) (25)}

’tAKI defined and classified according to the maximum Kidney Disease Improving Global Outcomes (KDIGO) criteria based on serum creatinine,
urine output or both(17).
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Table 2
Patient Outcomes by Fluid Balance
No (%)
Characteristic Negative FB Even FB Positive FB P value
(N=4,804) (N=5,096) (N=8,184)

AKI during hospitalization * 3,626 (75.4) 4,081(80.1) 7,522 (91.9) <0.001
AKI severity

Stage 1 1,155 (24) 1,044 (20.5) 1,044 (12.8)  <0.001

Stage 2 1,847 (38.5) 2,218 (43.5) 3,482 (42.6)

Stage 3 624 (13) 819 (16.1) 2,996 (36.6)
Oliguria during hospitalization§ 3,096 (64.4) 3,688 (72.4) 7,074 (86.4) <0.001
RRT requirement 89 (1.9) 295 (5.8) 1,161 (14.2)  <0.001
Length of hospital stay, days, median (IQR) 13 (8-22) 12 (8-19) 20 (12-33)  <0.001
Mortality

Hospital 257 (5.4) 454 (8.9)  1,835(224) <0.001

1 year 971(20.2)  1,120(22) 3,283 (40.1) <0.001

Abbreviations: AKI — Acute Kidney Injury; RRT — Renal Replacement Therapy; FB — Fluid Balance; IQR - Interquartile range

Page 16

*
AKI defined and classified according to the maximum Kidney Disease Improving Global Outcomes (KDIGO) criteria based on serum creatinine,

urine output or both (17).

§Patients were classified to have developed oliguria according to the maximum Kidney Disease Improving Global Outcomes (KDIGO) criteria

based on urine output (17).

Crit Care Med. Author manuscript; available in PMC 2018 August 01.



Page 17

Balakumar et al.

(dnoibgns 144 8y

u11daoxa) asn 14y pue (LT) saulapinb 091ay Buipiodde paiiress Ainful Asupiy a1nde ‘elnbijo ‘xapul aAisusiodAy pue ‘sisdas pajoadsns ‘asn UoIIe|1IUSA [edlueydaw ‘asn 10ssaIdoseA ‘a103s |1|-JHOVIY
uoissiwpe ‘Asabins ‘Koueubijew ‘uejdsuel) Jaal| ‘aejanbas paje1oosse pue aseasip JaAl| ‘ainjie) Leay ‘aseasip JeIpJed ‘SaIpIgqIoWod ‘Xapul ssew Apog ‘aululleald wnias auljaseq ‘ades ‘abe 1oy paisnipy

*

‘|apow 8y} WwoJy soltel plezey 4o sabuel ayy 1oy a1e papiodal sanjen 4 Aujenow Jaybiy

UNM PaleIoosse sI g4 s15866ns T < ones paezey e pue AJijeLow Jamo| YIIM Paje1dosse st g4 ey s1sabbns T > ones paezey v “[eAsiul sl yoes UIylIM SUOITBAISS]O JO Jaquunu uo paseq welboid [eansinels

a1 Ag UBsSOYD SI S3POU JO Bl JNeyep By} ‘S|9POLL BAOJE 8 JO YOBS 10 "S3POU BWI} XIS PUB S[RAISIUI LI} UBASS papn|oul dnolBans | My ‘SealayAA "S3pOU LI} SALL PUB S[BAISIUI W XIS PapN|oul
sdnoiBans |3y-Uou pue ‘1 4¥-uou ‘s103[gns |[e Joy S|9POIAl "[eAI3IUI BWI) YIes 10} AlI[elIoW pue g4 Usamiaq UoeIdosse oy (0Z) 19pou s, Aelo) wouy parewnss (YHY) soles prezey paisnipe ate umoys

&
(Sv'1-82°0) (29'1-56°0) (88 T-¥1T) (08'T-0TT) (€6 T-GT'T) (8T'Z-0Z'T)
2000 90T bgT T T 67T 291 U3 SA anISOd
(87'1-28°0) (69'T-20°T) 621-17)  (65T-26'0) (T€T-220) (9€T-€L°0) (860'9=U)
¥90°0 0T'T €T ™1 V2T 00T 00T UBAT SASAIEBIN  n,Bgns 15py-uoN
§9€-092 092-09T 09706 06-2¥ €1 €1-§
(77'1-80°'T) (T2 T-v€'T) (98'T-L¥'T)  (902-€97T) (2T2-S9T) (/8T-0¥'T)
100'0> 57T 19T 59T €8T 18T 29T LT SA SASOd
(0v'1-€0'T) (1€'1-66°0) (Lz1-26'0) (6T'T-16'0) (80'T-08'0) (L6°0-69°0) (6eg'9T=U)
100 0z b1 T vO'T £6'0 280 UBAT SASMIEDIN  no,Bgns |a1a-uoN
G9e-26T Z61-00T 00T-L¥ 122 ze-11 11-6
(891-060) (S5T-16°0) (1€7T-080) (S€T-98°0) (9¥'T-260) (22T1-S20) (¥T'T-59°0)
0£2°0 €21 61T £0'T 10T oT'T 560 980 UBAT SA aAISOd
(65'T-250) (6.T-890) (9212200 (ev'71-090) (6€T-850) (.6T-290) (0ST-2S50) (gpg'T=U)
688°0 160 0T'T €T €60 680 66°0 880 UBAT SA anEDIN dnoibgns Lyy
§9¢-/2T 12129 29-8¢ 8e-G2 G-LT LT-TT T1-S
(L6°0-¥2°0) (28°0-59°0) (z2'0-150) (€90-050) (850-6%7'0) (95°0-T¥0)
100°0> 80 €L0 90 950 150 8v'0 SAISOd SA SAEOIN
(67'T-¥T'T) (18'1-€7'T) (86'T-85'T) (602—99T) (LT2—69T) (€6'T-97'T)
000> 0gT 197 1T 98T 6T 89T Ue3 S ensed (r80°'8T=U)
¥80'8T
(zr'1-50'T) (ze'1-10'T) (827-860) (9T'T-880) (90T-820)  (960-890) 005 sn anpeBoN salans 11y
¥00°0 T 9T'T T 10T 16'0 180 ;
G9€-8.T 8/1-88 88-zv W12 1¢-11 T1-6
anea d LgSAea ul ezl switl Aq (10%56) oey plezeH paisnipy souereg pinj4 uonejndod

AlelIoN JeaA auQ paisnipe-ysiy pue aduejeg pinj4
€ 9|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2018 August 01.

Crit Care Med. Author manuscript



	Abstract
	Introduction
	Materials and Methods
	Data Source
	Determination of Cumulative Fluid Balance
	Definition of AKI
	Outcomes
	Statistical Analyses

	Results
	Patient Characteristics
	Association Between FB and Mortality
	Association Between FB and Renal Recovery in Patients Receiving RRT
	Sensitivity Analyses for Association Between FB and Mortality

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

