1015

RESEARCH ARTICLE

Effect of positive fluid balance on acute kidney injury and in-hospital mortality
in patients admitted to ICU after major surgery or trauma

Sumaira Nawaz, Sehrish Latif

Abstract

Objective: Objective: To evaluate whether or not positive fluid balance is associated with the development and
severity of acute kidney injury in intensive care patients admitted after major surgery or trauma, and to examine its
relationship with in-hospital mortality.

Method: The retrospective, analytical, cross-sectional study was conducted at the General Surgery Department of
Shifa International Hospital, Islamabad, Pakistan, and comprised data from April 2021 to May 2021 of patients aged
>16 years admitted to intensive care unit after major trauma. Demographic and clinical data was noted, and serum
creatinine levels and fluid balance were recorded. Mortality rate and incidence of acute kidney injury were the two
outcomes of interest. Data was analysed using SPSS 20.

Results: Of the 132 patients with mean age 36.77+17.69 years, 84(63.64%) were males and 48(36.36%) were
females. Positive fluid balance was noted in 26(19.7%) patients and negative fluid balance in 29(21.9%). In terms of
acute kidney injury, stage 1 was noted in 103(78%) patients, stage 2 in 12(9.1%) and staged 3 in 11(8.3%). Fluid
overload was significantly associated with stage 3 acute kidney injury (p<0.05). Overall fluid overload-related
mortality was 2(1.5%).

Conclusion: Positive fluid balance was significantly associated with stage 3 acute kidney injury. Intravenous fluids

in post-traumatic or post-surgical intensive care patients should be carefully handled to avoid overloading.
Key Words: Fluid resuscitation, Acute kidney injury, Positive fluid balance, Intravenous fluids, Major trauma.
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Introduction

Acute kidney injury (AKI) is frequently observed in
patients who are admitted to the intensive care unit (ICU),
and is a considerable cause behind organ or system
dysfunction.! Generally, these patients belong to the old
age group23 with pre-existing comorbidities and prior
kidney dysfunction and who may have often undergone
invasive therapeutic procedures before hospitalisation.*

Intravenous (IV) fluid therapy is given to those patients
who are at a high risk of acute renal injury. Fluid overload
can lead to serious and potential consequences. Some of
its detrimental effects include delayed wound healing,
increased chance of nosocomial infections, and ultimately
can lead to organ or system dysfunction.

In critically ill patients, fluid balance is often disrupted,
especially in those with acute kidney injury (AKI). These
patients may have positive or negative fluid balance (FB).
Up to 40% of patients admitted to ICU have been
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reported to have positive FB5, but there is no conclusive
study to understand the association between exposure to
positive FB and long-term outcome. While some studies
showed an increased risk of short-term mortality in
patients with positive FB of >10% of their body weight,
other studies showed no such association.56

IV fluid therapy is considered a cornerstone therapy for
critically ill patients, especially who are already diagnosed
with AKI, or have the potential to develop AKI. It improves
renal blood supply and corrects underlying
hypovolaemia, thus improving cardiac output.67 In recent
times, the concept of overzealous fluid therapy and its
beneficial effects on the kidney has been questioned.
Positive FB has been linked with the development of AKI,
especially if it is administered before initiating the renal
replacement therapy (RRT).> However, only a few studies
have interpreted the association between positive FB and
mortality during RRT.89 The current study was planned to
correlate the incidence of AKI in critically ill patients
admitted in surgical ICU after trauma or major surgery,
and to explore its association with FB.

Materials and Methods

The retrospective, analytical, cross-sectional study was
conducted at the General Surgery Department of Shifa
International Hospital, Islamabad, Pakistan, and
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comprised data from April 2021 to May 2021. The sample
size was calculated using the World Health Organisation
(WHO) calculator based on n=d2Z2p/(1-p)10 formula
with 95% confidence interval (Cl) and 5% margin of error
while keeping expected positive FB to be 40%.11

The sample was raised using non-probability consecutive
sampling technique. Those included were patients aged
>16 years admitted to ICU after major trauma or surgery.
Patients who died within 48 hours of admission were
excluded due to the competing outcomes of AKI and
mortality. Patients with congestive cardiac failure, end-
stage renal dysfunction, severe burns involving >20% of
total body surface area and rhabdomyolysis were also
excluded. Demographic and clinical data, including age,
gender, diagnosis, serum creatinine level, and FB, was
recorded on a proforma. Consent had been obtained
from all the patients.

The two outcomes of interest were mortality rate and
incidence of AKI. The AKI diagnosis was established and
AKI stages were classified in accordance with the Kidney
Disease Improving Global Outcomes (KDIGO) group
guidelines.! Patients with an increase in serum creatinine
7 days were diagnosed as having AKI. Patients were
classified as stage 1 AKI when serum creatinine was 1.5-
1.9 times the initial value, 2.0-2.9 times was classified as
stage 2 AKI, and at least 3 times as stage 3 AKI with dialysis
requirement. The highest rise in serum creatinine value
within one week of admission was compared to the first
creatinine value to establish the increase in length of
hospital stay (LOS). Fluid overload was defined as a
positive net FB, meaning total fluid intake exceeded
output within the first 24 hours of ICU admission.

Data was retrieved from the electronic medical records
(EMR) system using codes for acute kidney injury, trauma
and major abdominal/thoracic surgery. Additional
variables were extracted manually from clinical notes and
laboratory reports.

Data was analysed using SPSS 20. Data was expressed as
mean +/- standard deviation (SD) or frequencies and
percentages as appropriate. Data was stratified for
gender, AKI stage and mortality rate. Post-stratification,
chi-square test was applied to compare positive and
negative FB between the groups. P<0.05 was taken as
statistically significant.

All patients were followed up for 30 days after ICU
admission to determine in-hospital mortality.

Results
Of the 132 patients with mean age 36.77+17.69 years,
84(63.64%) were males and 48(36.36%) were females.
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Table-1: Patient characteristics (n=132).
Characteristics Total Male Female

(n=132) (n=84) (n=48)
Mean Creatinine (mg/dL)
Baseline 1.09 + 0.86 - -
Raised 1.71+1.16 - -
Fluid Balance
Normal 77 (58.4%) 50 27
Positive 26 (19.7%) 16 10
Negative 29 (21.9%) 18 N
Acute Kidney Injury (AKI)
No Injury 6 (4.6%) 1 5
Stage 1 103 (78%) 60 43
Stage 2 12 (9.1%) 7 5
Stage 3 11(8.3%) 6 5

Mean baseline creatinine level was 1.09+0.86mg/dL
which rose to 1.71+1.16mg/dL. Positive FB was noted in
26(19.7%) patients and negative fluid balance in
29(21.9%), while normal FB was found in 77(58.4%)
patients. Overall, 126(95.4%) patients developed ALL. In
terms of AKI, stage 1 was noted in 103(78%) patients,
stage 2in 12(9.1%) and stage 3 in 11(8.3%). Fluid overload
was significantly associated with stage 3 acute kidney
injury (p<0.05). Overall fluid overload-related mortality
was 2(1.5%) (Table 1).

The most common cause of patients’ presentation was
peritonitis 49(37%), while 39(30%) patients presented
with combined abdominothoracic blunt trauma (Figure).

PERCENTAGE

peritonitis ® abdominothoracic blunt trauma

penetrating chest trauma intestinal obstruction

W penetrating abdominal trauma

Figure: Causes of admission to intensive care unit (ICU).
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Table-2: Comparison of fluid balance with respect to gender, acute kidney injury (AKI)
and mortality rate.

A. Gender X Fluid Balance (n = 132)

Gender Positive Negative Normal Total

Male (84) 16 (19.0%) 18(21.4%)  50(59.6%)  84(100%)
Female (48) 10 (20.8%) 11(22.9%)  27(56.3%)  48(100%)
Total 26 (19.7%) 29(22.0%)  77(58.3%) 132 (100%)

B. AKI Stage x Fluid Balance (n=132)
Values shown as total patients per cell (M/F) with % of row total

AKI Stage Positive Negative Normal Total  Pvalue
No AKI (6) 1/01(16.7%)  1/01(16.7%)  3/14(66.6%)  6(100%) 0.0049
Stage 1(103)  12/820(19.4%) 13/1023(22.3%) 35/2560(58.3%) 103 (100%)
Stage2(12)  2/13(25.0%)  2/13(25.0%)  3/46(50.0%) 12(100%)
Stage3(11)  1/12(182%)  2/02(182%)  2/57(63.6%) 11(100%)

Total 26(19.7%) 29(22.0%) 77(583%)  132(100%)

C. Mortality X Fluid Balance (n =132)

Values shown as total patients per cell (M/F) with % of row total

Outcome Positive Negative Normal Total  Pvalue
Deaths (15) 112(133%)  3/25(33.3%) 5/38(53.4%) 15(100%) 0.003

Survivors (117)  15/924(20.5%) 15/924(20.5%)  45/2469 (59.0%) 117 (100%)
Total 26(19.7%) 29(22.0%) 77(583%)  132(100%)

Median follow-up duration was 30 days. The 30-day
mortality was 15(11.4%). Positive FB was found in 2(1.5%)
cases.

Positive FB was significantly associated with a AKl stage 3
compared to patients without fluid overload (p=0.0049).
Mortality was higher in patients with negative FB than in
those with positive FB (p=0.003) (Table 2).

Discussion

AKl incidence in hospitals’ emergency departments
worldwide is independent of different underlying causes.
The role of certain antibiotics in causing AKI, thereby
causing a rapid loss of kidney's ability to remove wastes
and maintaining fluid and electrolytes balance in children
is well-known, and far from uncommon.1213

It is common in severely injured trauma patients, and is
associated with poor outcomes. A positive FB is
associated with AKI and poor long-term renal outcomes
among general ICU and cardiac surgery patients.
Currently, the optimal endpoint of resuscitation of
severely injured trauma patients is unknown, which may
result in excess fluid administration. Positive FB is
common after severe trauma, and is associated with
increased AKI development.'3 This was also seen in the
current study where positive FB was significantly
associated with AKI stage 3 (p=0.0049).
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Among critically ill patients, positive and negative FB is
not associated with higher risk of death within 30 days,
and, among patients receiving RRT, neither negative nor
positive FB is associated with renal recovery.'4 Positive FB
of >2L at 48 hours occurs in half of severely injured
trauma patients, and fluid positivity is independently and
incrementally associated with AKI development.'>

Persistence of a positive FB over time has been associated
with increased mortality.'¢ FB is a practice-dependent and
potentially modifiable risk factor for poor outcomes,
which has been demonstrated in the current study as
well. Currently, there is little evidence about goal-directed
care and optimal endpoints of resuscitation in the
severely injured trauma population.’”

Bouchard et al. found that positive FB resulting in AKI was
independently associated with mortality, regardless of
the requirement of dialysis.’® This was in line with the
current results. In another study, 48.32% patients had
positive FB and 52.8% had negative FB, and there was
significantly higher mortality rate due to AKI in patients
with positive FB compared to negative FB (43.5% vs 7.4%).
This was in contrast to the current study, in which only 2
patients had positive and 13 had negative FB."®

The current study has limitations of being a single-centre
research. Further multicentre studies on the topic are
recommended. Besides, the association between AKI
stages and cause of surgical ICU admission was not
explored in the current study, which might be
independently associated with AKI.

Conclusion

FB in surgical patients is a sensitive and controversial
topic and needs meticulous attention. Overzealous fluid
therapy can cause more harm than good as it was found
associated with late stages of AKI.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

References

1. Mohamed MMB, Lukitsch |, Torres-Ortiz AE, Walker JB, Varghese V,
Hernandez-Arroyo CF, et al. Acute Kidney Injury Associated with
Coronavirus Disease 2019 in Urban New Orleans. Kidney360
2020;1:614-22. doi: 10.34067/KID.0002652020.

2. Go AS, Hsu CY, Yang J, Tan TC, Zheng S, Ordonez JD, et al. Acute
Kidney Injury and Risk of Heart Failure and Atherosclerotic Events.
Clin J Am Soc Nephrol 2018;13:833-41. doi:
10.2215/CIN.12591117.

3. Dos Santos TOC, Oliveira MAS, Monte JCM, Batista MC, Pereira
Junior VG, Dos Santos BFC, et al. Outcomes from a cohort of
patients with acute kidney injury subjected to continuous

J Pak Med Assoc



Effect of positive fluid balance on acute kidney injury and in-hospital mortality in patients. . ..

10.

11.

venovenous hemodiafiltration: The role of negative fluid balance.
PLoS One 2017;12:e0175897. doi: 10.1371/journal.pone.0175897.
Hoste EA, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN, et
al. Epidemiology of acute kidney injury in critically ill patients: the
multinational AKI-EPI study. Intensive Care Med 2015;41:1411-23.
doi: 10.1007/s00134-015-3934-7.

Silversides JA, Pinto R, Kuint R, Wald R, Hladunewich MA, Lapinsky
SE, et al. Fluid balance, intradialytic hypotension, and outcomes in
critically ill patients undergoing renal replacement therapy: a
cohort study. Crit Care 2014;18:624. doi: 10.1186/s13054-014-
0624-8.

Joannidis M, Druml W, Forni LG, Groeneveld ABJ, Honore PM,
Hoste E, et al. Prevention of acute kidney injury and protection of
renal function in the intensive care unit: update 2017 : Expert
opinion of the Working Group on Prevention, AKI section,
European Society of Intensive Care Medicine. Intensive Care Med
2017;43:730-49. doi: 10.1007/s00134-017-4832-y.

Marik PE, Byrne L, van Haren F. Fluid resuscitation in sepsis: the
great 30 mL per kg hoax. J Thorac Dis 2020;12(Suppl 1):s37-47.
doi: 10.21037/jtd.2019.12.84.

Wang N, Jiang L, Zhu B, Wen Y, Xi XM. Fluid balance and mortality
in critically ill patients with acute kidney injury: a multicenter
prospective epidemiological study. Crit Care 2015;19:371. doi:
10.1186/513054-015-1085-4.

Vaara ST, Korhonen AM, Kaukonen KM, Nisula S, Inkinen O, Hoppu
S, et al. Fluid overload is associated with an increased risk for 90-
day mortality in critically ill patients with renal replacement
therapy: data from the prospective FINNAKI study. Crit Care
2012;16:R197. doi: 10.1186/cc11682.

World Health Organization (WHO), Epidemiological and Statistical
Methodology Unit. Sample size determination: a user's manual.
Geneva, Switzerland: World Health Organization; 1986. [Online]
1986 [Cited 2026 March 25]. Available from URL:
https://iris.who.int/handle/10665/61764.

Silversides JA, Pinto R, Kuint R, Wald R, Hladunewich MA, Lapinsky

12.

13.

14.

15.

16.

17.

18.

19.

1018

SE, et al. Fluid balance, intradialytic hypotension, and outcomes in
critically ill patients undergoing renal replacement therapy: a
cohort study. Crit Care 2014;18:624. doi: 10.1186/513054-014-
0624-8.

KDIGO 2024 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease. Kidney Int
2024;105(Suppl 4):s117-314. doi: 10.1016/j.kint.2023.10.018.
Balgradean M, Cinteza E, Filipoiu F, Jinga V. Gentamicin,
infections, and acute tubular necrosis in children. Farmacia
2013;61:772-80.

Hatton GE, Du RE, Wei S, Harvin JA, Finkel KW, Wade CE, et al.
Positive Fluid Balance and Association with Post-Traumatic Acute
Kidney Injury. J Am Coll Surg 2020;230:190-9.e1. doi:
10.1016/j,jamcollsurg.2019.10.009.

Rewa O, Bagshaw SM. Acute kidney injury-epidemiology,
outcomes and economics. Nat Rev Nephrol 2014;10:193-207. doi:
10.1038/nrneph.2013.282.

Balakumar V, Murugan R, Sileanu FE, Palevsky P, Clermont G,
Kellum JA. Both Positive and Negative Fluid Balance May Be
Associated With Reduced Long-Term Survival in the Critically IIl.
Crit Care Med 2017;45:e749-57. doi:
10.1097/CCM.0000000000002372.

Acheampong A, Vincent JL. A positive fluid balance is an
independent prognostic factor in patients with sepsis. Crit Care
2015;19:251. doi: 10.1186/s13054-015-0970-1.

Bouchard J, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA,
Paganini EP, et al. Fluid accumulation, survival and recovery of
kidney function in critically ill patients with acute kidney injury.
Kidney Int 2009;76:422-7. doi: 10.1038/ki.2009.159.

Balakumar V, Murugan R, Sileanu FE, Palevsky P, Clermont G,
Kellum JA. Both Positive and Negative Fluid Balance May Be
Associated With Reduced Long-Term Survival in the Critically IIl.
Crit Care Med 2017;45:e749-57. doi:
10.1097/CCM.0000000000002372.

AUTHORS’ CONTRIBUTIONS:
SN: Concept, design, data acquisition, analysis and interpretation.

Vol. 76, No. 6, July 2026

SL: Drafting, revision, final approval and agreement to be accountable
for all aspects of the work.

Open Access



