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Introduction. Fluid management in critically ill patients with acute
kidney injury (AKI) is controversial. Our study is aimed to evaluate
the association between fluid balance and patient outcome in AKI
patients admitted to intensive care unit (ICU).

Materials and Methods. This prospective study was carried out at
Lilavati Hospital and Research Centre on 130 critically ill patients
with AKI admitted to ICU. Mean daily fluid balance (MDFB) was
measured and its correlation with clinical characteristics and
outcomes was assessed.

Results. During ICU stay, 48.2% patients had a positive and
52.8% had a negative MDFB. In the patients with positive MDFB,
mean ICU stay was longer and ventilation requirement, duration
of ventilation, inotrope requirement, and duration of inotrope
were greater as compared to the group with negative MDFB. A
significantly higher mortality rate were observed in the patients
with positive MDFB as compared to negative MDFB (43.5% versus
7.4%).

Conclusions. Negative fluid balance was independently associated
with a significant reduction in mortality, ICU stay, ventilator
requirement, and the need for renal replacement among critically
ill patients with AKI.
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Acute Kidney Injury (AKI) in the setting of
intensive care unit (ICU) had been the subject of a
number of publications over the last 2 to 3 decades.
Fluid balance in critically ill patients at risk for or
with AKI remains controversial,! and aggressive
fluid resuscitation has been prescribed in AKI to
maintain adequate renal perfusion.?® This practice
paradigm appears common and perhaps dominant
in ICUs worldwide.*?

The concept that liberal fluid administration is
good for the kidney has been recently challenged.®
Observational studies of patients with AKI have
linked a positive fluid balance (FB) before or
during renal replacement therapy (RRT) with
increased mortality.”® Most of these studies are

limited to the developed countries and reports
from India are scanty. With this in view, we aimed
to prospectively determine the influences of fluid
balance on morbidity and mortality in critically ill
patients with AKI hospitalized in ICU.

This is a prospective observational study carried
out at Lilavati Hospital and Research Centre,
Mumbai, between January 2009 and December
2010. A total of 130 patients diagnosed with AKI
in ICU were studied prospectively. The stages of
AKI were determined using the RIFLE criteria
(risk, injury, failure, loss of kidney function, and
end-stage kidney disease).” All adult patients,
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aged 18 years and above, with evidence of normal
baseline serum creatinine, admitted with AKI as
per RIFLE criteria in the ICU were prospectively
enrolled in the study. The exclusion criteria chronic
kidney disease as per Kidney Disease Outcome
and Quality Initiative, kidney transplantation, and
obstructive uropathy.

All of the patients were evaluated for the
etiology of AKI based on detailed history and
clinical and laboratory data. All the important
major chronic preexisting comorbid conditions
such as respiratory, cardiovascular, liver,
neurological, and gastrointestinal diseases were
noted. In addition preexisting malignancy, human
immunodeficiency virus infection, tuberculosis, and
any immunocompromised state were documented.

The clinical parameters in the first 24 hours
of admission, including heart rate, mean arterial
pressure, respiratory rate, temperature, and urine
output were collected. Daily FB was calculated as the
difference between fluid administered (intravenous
fluids, blood products, enteral fluids, and RRT
replacement fluids) and fluid lost (ultrafiltrate from
RRT, when applied, urine output, blood losses,
enteral losses, and drain losses). A negative FB
was present when fluid loss was greater than the
fluid volume administered (indicated by a negative
sign), and a positive FB was present when fluid
removal was less than the fluid volume administered
(indicated by a positive sign).

Mean daily fluid balance (MDFB) was calculated
for each day during the ICU study. The laboratory
parameters measured were complete blood count,
blood glucose, kidney function tests, serum
electrolytes, liver function tests, coagulation profile,
and arterial blood gases. As a reference, we also
evaluated a general severity of illness scoring system
APACHE II (acute physiology and chronic health
evaluation), SAPS II (simplified acute physiology
score) and its probability of death based on the
score. Both scores were calculated within first 6
hours of admission.

Quantitative variables were presented by
mean + standard deviation (if data passed
normality test) or median and inter-quartile range.
Qualitative variables were represented in the form
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of frequency and percentage. Cross-tabulations
between qualitative variables were assessed by the
chi-square test (with continuity correction for 2 x
2 tables). Comparison between pairs of groups for
quantitative variables was done by the unpaired
t test (if data passed normality test) or the Mann
Whitney test (if data failed normality test). The
Kaplan Meyer survival analysis was done. P values
less than .05 were considered significant.

A total of 730 patients admitted during January
2009 to December 2010 to the ICU were enrolled in
this study. Nephrology consultation was sought for
230 patients. Out of these, 70 patients were excluded
from study because they had underlying chronic
kidney disease, 18 patients had posttransplant
status, and 12 patients had obstructive nephropathy.
After these exclusions, 130 patients with AKI were
enrolled in the study (17.8% of the ICU patients).

The age range of the study population was 20
to 95 years with a mean age being 59.41 + 15.4
years. Men constituted 62.3% of the patients. The
distributions of the RIFLE groups are summarized
in Table 1. The various clinical and laboratory
parameters of the RIFLE groups are listed in Table 2.

Of the 130 patients enrolled in the study, complete
fluid balance data to ICU discharge or 60 days or
death within 60 days of discharge from the hospital
(whichever occurred first) were analyzed. During
ICU stay, 62 patients (48.2%) had a positive MDFB
and 68 (52.8%) had a negative MDFB. The patients
in the positive MDFB and negative MDFB groups
were compared for their age, ICU stay, mean daily
fluid volume, ventilation days, inotrope days, and
the APACHE Il and SAPII scores. The positive MDFB
was 533 mL and the negative MDFB was -223.8 mL.
Among the patients with a negative MDFB, 26.5%
required mechanical ventilation versus 59.7% for the
patients with a positive MDFB (P < .001; Figure 1).
Among the patients with a negative MDFB, 32.4%
required vasopressor therapy versus 67.7% for the
patients with a positive MDFB (P < .05; Figure 2).

Table 1. Staging of Acute Kidney Injury by the RIFLE

RIFLE Stage Number of Patients (%)
Risk 9 (6.9)
Injury 54 (41.5)
Failure 60 (46.2)
Loss 7 (5.4)
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Table 2. Laboratory Parameters by RIFLE Stage

Parameter Risk Injury Failure
Serum creatinine, mg/dL 2.75+0.35 3.31+0.68 3.95+0.48
Serum albumin, g/dL 2.68+£0.75 2.45+0.75 2.27 £ 0.36
Serum bicarbonate, mg/dL 18.24 £ 4.19 17.03£4.13 16.45+4.73
Hemoglobin, g/dL 10.46 + 1.19 9.80 + 1.08 9.60 + 0.78
Serum calcium, mg/dL 9.64 +3.84 9.48 +2.78 9.20 + 3.46
Serum phosphorus, mg/dL 446 +1.18 4.64 +1.24 472 +1.62

Among the patient with a negative MDFB, 5 (7.4%)
died by 60 days after admission, compared with 27
(43.5%) in the positive MDFB group (P < .05; Figure
3). Furthermore, maximum survivors had a negative
MDFB whereas nonsurvivors had a positive MDFB.
On applying the Kaplan-Meyer survival analysis
between the status of MDFB and day of mortality,
a significant survival benefit was observed in those
who were in negative MDFB (P = .03; Figure 4).
In the positive MDFB group, the mean ICU stay,
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Figure 1. Association between ventilation and mean daily fluid
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Figure 2. Association between inotropes and mean daily fluid
balance

ventilation requirement, duration of ventilation,
inotrope requirement, and duration of inotrope
were greater as compared to the negative MDFB
group, whereas the APACHEII score, SAPII score,
and the number of organs involved were higher
in the negative MDFB, suggesting that negative
MDFB was associated with decreased morbidity
and mortality (Tables 3 and 4).
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Figure 3. Association between outcome and mean daily fluid
balance
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Figure 4. Kaplan-Meyer survival analysis of patients with
positive versus negative mean daily fluid balance
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Table 3. Characteristics of 62 Patients With Positive Mean Daily Fluid Balance

Parameter Mean Median (Interquartile Range) Range
Age, y 59.58 + 17.05 62.0 (17.8) 20 to 90
Intensive care unit stay, d 8.56 £ 5.18 7.0 (6.0) 31028
Mean daily fluid balance, mL 533.00 + 134.16 531.0 (147.8) 234 to 887
Ventilation days 2.95+ 3.61 2.0 (5.0) 0to 12
Number of organ involvement 1.37 £ 0.62 1.0 (1.0) 1t03
Inotrope days 2.85+3.31 2.0 (4.0) 0to 12
Number of inotropes 1.69 £ 1.22 2.0 (3.0) Oto3
FIO2 57.74 £+ 14.76 60.0 (12.5) 40 to 100
Apache I 22.79+7.38 22.5(9.0) 6 to 45
SAPS Il 35.62 + 18.66 33.0 (24.0) 13 to 105
Table 4. Characteristics of 68 Patients With Negative Mean Daily Fluid Balance
Parameter Mean Median (Interquartile Range) Range
Age, y 59.29 £ 16.23 65.0 (13.0) 19 to 80
Intensive care unit stay, d 5.66 £ 4.74 5.0 (3.0) 21028
Mean daily fluid balance, mL -223.79 + 65.49 -209.5 (18.0) -645 to -158
Ventilation days 0.93+248 0.0 (0.0) 0to 13
Number of organ involvement 2.32+0.85 2.0 (1.0) 1to4
Inotrope days 0.82 £ 1.95 0.0 (1.0) 0to12
Number of inotropes 0.57 +0.92 0.0 (1.0) 0to3
FIO2 50.74 + 14.46 45.0 (20.0) 25 to 100
Apache | 31.48 + 10.39 34.0 (19.0) 15 to 55
SAPS Il 52.81 £ 22.65 47.0 (30.0) 17 to 105

A relationship between a positive fluid balance
and an unfavorable ICU outcome has been described
before in general ICU populations. Mitchell and
colleagues demonstrated a decrease in ventilator
and ICU days in patients treated with fluid
restriction and increased diuresis compared with
a wedge pressure-guided fluid protocol.’’ Upadya
and colleagues demonstrated that a negative fluid
balance was independently associated with weaning
success in mechanically ventilated patients.!’ In
an earlier analysis of the SOAP database, Sakr
and colleagues demonstrated that mean fluid
balance was an independent determinant of ICU
outcome in patients with acute lung injury and
adult respiratory distress syndrome.'? In patients
with sepsis, the relationship between a positive
fluid balance and a negative outcome has also been
described. Alsous and colleagues demonstrated
an increased mortality risk in patients failing to
achieve a negative fluid balance within the first 3
days of treatment (relative risk, 5.0; 95% confidence
interval, 2.3 to 10.9)."*Rinaldo Bellomo et al, in the
RENAL study, concluded that extra intravenous
fluids may do much more harm than good. They
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found a negative fluid balance in ICU patients
was strongly associated not only with survival
and shorter ICU and hospital stays, but with a
reduced need for dialysis and other RRTs."* Our
findings are in agreement with and expand those
of previous observational studies.'>!®

Our data expand our understanding of the
relationship between fluid balance and outcome.
In our study, the overall mortality was 43.5 % in
the positive FB group compared to 7.4 % in the
negative FB group. This difference was found to be
statistically significant. The consistent association
between a positive FB and unfavorable outcome
suggests the need to exert prudence with fluid
administration in patients with AKI.'” Another
interesting finding in the present study is that
outcome among patients treated with RRT was
better when RRT was started early in the course
of the ICU stay. Although we studied initiation of
RRT in relation to ICU admission rather than to the
onset of AKI as in most other studies, our results
do agree with the findings of several retrospective
studies that suggest that early initiation of RRT
may be beneficial in AKI patients.?0%

Our study has several limitations. The number of



studied patients is small in this study, considering
high incidence of ICU admissions in the society.
Another limitation of our study is the need for a
baseline creatinine, which was not always available.
The study was not compared with the control
group (non-AKI patients).

Our study concludes that negative fluid balance
was independently associated with a significant
reduction in mortality, hospital stays, ventilator
requirement, and the need for RRT among critically
ill patients with AKI.

None declared.

1. Prowle JR, Echeverri JE, Ligabo EV, et al. Fluid balance
and acute kidney injury. Nat Rev Nephrol. 2010;6:107-15.

2. Kellum JA, Cerda J, Kaplan LJ, et al. Fluids for prevention
and management of acute kidney injury. Int J Artif Organs.
2008;31:96-110.

3. Leblanc M, Kellum JA, Gibney RT, et al. Risk factors for
acute renal failure: Inherent and modifiable risks. Curr
Opin Crit Care. 2005;11:533-6

4. Hou SH, Bushinsky DA, Wish JB, et al. Hospital-acquired
renal insufficiency: a prospective study. Am J Med.
1983;74:243.

5. Ronco C, Kellum JA, Mehta R. Acute dialysis quality
initiative (ADQI). Nephrol Dial Transplant. 2001;16:1555.

6. Bennett-Jones DN. Early intervention in acute renal
failure. BMJ. 2006;333:406-7.

7. Payen D, de Pont AC, Sakr Y, et al. A positive FB is
associated with worse outcome in patients with acute
renal failure. Crit Care. 2008;12:R74-82

8. Bouchard J, Soroko SB, Chertow GM, et al. Fluid
accumulation, survival and recovery of kidney function in
critically ill patients with acute kidney injury. Kidney Int.
2009;76:422-7.

9. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C,
et al. Acute Kidney Injury Network: Report of an initiative
to improve outcomes in acute kidney injury. Crit Care.
2007;11:R31.

10. Mitchell JP, Schuller D, Calandrino FS, Schuster DP.
Improved outcome based on fluid management in critically
ill patients requiring pulmonary artery catheterization. Am
Rev Respir Dis. 1992;145:990-8.

11. Upadya A, Tilluckdharry L, Muralidharan V, Amoateng,
Adjepong Y, Manthous CA. Fluid balance and weaning
outcomes. Intensive Care Med. 2005;31:1643-7.

Fluid Balance in Acute Kidney Injury—Chaudhari et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

SakrY, Vincent JL, Reinhart K, Groeneveld J,
Michalopoulos A,Sprung CL, Artigas A, Ranieri VM. High
tidal volume and positive fluid balance are associated
with worse outcome in acute lung injury. Chest.
2005;128:3098-108.

Alsous F, Khamiees M, DeGirolamo A, Amoateng-
Adjepong Y, Manthous CA. Negative fluid balance predicts
survival in patients with septic shock: a retrospective pilot
study. Chest. 2000;117:1749-54.

The RENAL Replacement Therapy Study Investigators.
An Observational Study Fluid Balance and Patient
Outcomes in the Randomized Evaluation of Normal vs.
Augmented Level of Replacement Therapy Trial. Crit Care
Med. 2012;40:1753-60.

Chong PC, Greco EF, Stothart D, et al. Substantial
variation of both opinions and practice regarding
periooperative fluid resuscitation. Can J Surg.
2009;52:207-14.

Bellomo R, Wan L, May C. Managing septic acute renal
failure: “Fill and spill’? “squeeze and diurese”? or “block
Bax to the max”? Crit Care Resusc. 2004;6:12-6.

Bagshaw SM, Bellomo R. The influence of volume
management on outcome. Curr Opin Crit Care.
2007;13:541-8.

Goldstein SL, Currier H, Graf CD, et al. Outcome in
children receiving continuous venovenous hemofiltration.
Pediatrics. 2001;107:1309-12.

Bellomo R, Ronco C. Renal replacement therapy in the
intensive care unit. Crit Care Resusc. 1999;1:13-24

Gettings LG, Reynolds HN, Scalea T. Outcome in post-
traumatic acute renal failure when continuous renal
replacement therapy is applied early vs. late. Intensive
Care Med. 1999;25:805-13.

Elahi MM, Lim MY, Joseph RN, Dhannapuneni RR,
Spyt TJ. Early hemofiltration improves survival in
post-cardiotomy patients with acute renal failure. Eur J
Cardiothorac Surg. 2004;26:1027-31.

Demirkilic U, Kuralay E, Yenicesu M, et al. Timing of
replacement therapy for acute renal failure after cardiac
surgery. J Card Surg. 2004;19:17-20.

Piccinni P, Dan M, Barbacini S, et al. Early isovolaemic
haemofiltration in oliguric patients with septic shock.
Intensive Care Med. 2006;32:80-6.

Correspondence to:

Pavan Malleshappa, MD

Division of Nephrology, Department of Medicine,
Adichunchanagiri Institute of Medical Sciences, B G Nagara,
Nagamangala Taluk, Mandya District, Karnataka State, India
571448

E-mail: dr_pavanm@yahoo.co.in

Received October 2015
Revised January 2016
Accepted February 2016

181



