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Abstract
Positive fluid balance is associated with acute kidney injury (AKI) following cardiac
surgery in a dose-dependent manner. Although diuresis is a common intervention for
fluid overload, the optimal timing of diuretic administration for preventing AKI after
cardiac surgery remains unclear. We aimed to investigate whether early administration of
diuretics after cardiac surgery is associated with subsequent AKI progression. This was a
post-hoc analysis of a multicenter retrospective cohort study that included adult patients
admitted to 14 intensive care units (ICUs) after elective cardiac surgery between January
and December 2018. The exposure variable was the administration of intravenous
diuretics during the initial 24 hours after ICU admission. The primary outcome was
AKI progression, defined as one or more AKI stages using Kidney Disease: Improving
Global Outcomes creatinine and urine output criteria between 24 and 72 hours compared
with the worst stage during the first 24 hours. We used multivariable logistic regression
analyses to assess the association between early administration of diuretics and AKI
progression. Among the 718 patients analyzed, 335 (47%) received intravenous diuretics
within the first 24 hours, and AKI progression occurred in 115 patients (16%). In the
multivariable analyses, early diuresis was not associated with AKI progression (odds
ratio, 1.12; 95% confidence interval, 0.74–1.69), confirmed by sensitivity analyses.
Early administration of intravenous diuretics was not associated with a lower risk of
AKI progression after cardiac surgery.
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1. Introduction

Acute kidney injury (AKI), a frequent postoperative compli-
cation in cardiac surgery patients, has been correlated with
increased rates of mortality, morbidity, and extended periods
of hospitalization and intensive care unit (ICU) stay [1–3].
Even with modern improvements in diagnostic and treatment
modalities, the development of a solid strategy for prevent-
ing or treating cardiac surgery-associated AKI (CSA-AKI)
remains elusive [4].
ICU patients receive considerable amounts of fluid for re-

suscitation, medication, and nutrition. Given that fluid ther-
apy is a fundamental approach to counteract intraoperative
hypotension during cardiac surgeries, patients who undergo
these procedures commonly experience fluid overload [5].
There is evidence linking fluid overload to an increased risk of
mortality, AKI, and the need for kidney replacement therapy
(KRT) in patients undergoing cardiac surgery [6, 7]. The use

of diuretics is a prevalent strategy to manage fluid accumu-
lation, with the anticipation that their early use of diuretics
could prevent AKI progression. However, the evidence from
small, randomized trials examining the effect of early diuretic
administration on kidney outcomes has been inconclusive in
cardiac surgery patients [8, 9]. Therefore, the most beneficial
timing of diuretics administration remains uncertain [10].
With these uncertainties in mind, this study was designed to

test a hypothesis that the administration of diuretics during the
first 24 hours would reduce AKI progression between 24 and
72 hours among postoperative cardiac surgery patients based
on the data of a multicenter retrospective cohort study.

2. Materials and methods

This was a post-hoc analysis of a multicentric retrospective co-
hort study that included adult patients who had undergone car-
diac surgery in 14 ICUs in Japan (BROTHER study; UMIN-
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CTR; trial ID: UMIN000037074). The primary aim of the
BROTHER study was to investigate the effects of relative
hypotension on AKI progression in adults undergoing elective
cardiac surgery. The details of the BROTHER study have
been reported previously [11]. We complied with the Strength-
ening the reporting of observational studies in epidemiology
(STROBE) guidelines (see Supplementary Table 1 for com-
pleted checklist).

2.1 Participants and data
sources/measurement
We consecutively studied patients aged 18 years or older ad-
mitted to the ICU after planned coronary artery bypass grafting
(CABG) or valve surgery between 01 January and 31 De-
cember 2018. The exclusion criteria were: (i) patients who
were discharged from the ICU within 24 hours; (ii) patients
who underwent emergency cardiac surgery; (iii) patients on
mechanical circulatory support (i.e., extracorporeal membrane
oxygenation, intra-aortic balloon pumping, or ventricular as-
sist device) during the first 24 hours after ICU admission;
(iv) patients with postoperative blood pressure (BP) recordings
at an interval of longer than 1 hour; (v) patients without
available BP readings within 365 days before the surgery;
(vi) patients who opted out of this study; and (vii) patients
censored for data collection. Consistent with theDeclaration of
Helsinki and ethical guidelines for epidemiological research by
Japan’s Ministry of Education, Culture, Sports, Science, and
Technology and Ministry of Health, Labour and Welfare, we
published the eligibility criteria and how to refuse participation
in this study using a poster in each participating hospital or on
their website. As soon as a patient or their family member
informs investigators about their refusal to participate, we
exclude the patient. No patient opted out of this study. We
collected the data from November 2019 and November 2020.
However, 42 patients had to be censored for data collection
as the COVID-19 pandemic hindered data collection for this
study.
The collection of demographic data, comorbidities, Acute

Physiology and Chronic Health Evaluation (APACHE) II score
[12], and Sequential Organ Failure Assessment score [13] was
carried out. Information on surgical procedures, as well as the
use of vasopressors, inotropes, and diuretics within the initial
24 hours after ICU admission were also gathered.
In the initial 24-hour period following ICU admission, we

collected data on central venous pressure (CVP), which were
taken hourly. For our analysis, we calculated the average
CVP over each four-hour span. If, within any given four-
hour window, a CVP reading was unavailable, we imputed the
closest available measurement to that specific time frame.

2.2 Exposure and outcome variables
The primary exposure variable was the early use of diuretics,
defined as administering intravenous diuretics (loop diuretics,
mineralocorticoid receptor antagonists, acetazolamide, and hu-
man atrial natriuretic peptide) within the first 24 hours after
ICU admission. We classified the cohort into two groups:
those who received early administration of diuretics (the early
diuretics group) and those who did not (the non-early diuretics

group).
The primary outcome variable was AKI progression. We

determined AKI progression through a three-step process:
(1) The worst AKI stage was first identified during the first

24 hours following ICU admission.
(2) Subsequently, the worst AKI stage was determined

within the time frame between 24 and 72 hours after ICU
admission.
(3) The two AKI stages identified in the aforementioned

steps were then compared.
AKI progression was defined as an elevation of at least one

AKI stage within the latter time frame (between 24 and 72
hours), as compared to the former (during the first 24 hours).
Supplementary Fig. 1 presents the framework of this study
design. Our assessments were based on the creatinine and
urine output criteria of Kidney Disease: Improving Global
Outcomes guidelines [14].
In each hospital involved in the study, the intensivist re-

sponsible for data collection clinically determined the baseline
serum creatinine level before surgery based on the patient’s
medical records. The secondary outcome variables comprised
major adverse kidney event (MAKE) within 30 days after the
surgery, in-hospital mortality, the requirement for KRT during
ICU stay, fluid balance on the second and third day of ICU ad-
mission, duration of ICU stay, length of hospital stay, duration
of mechanical ventilation, new-onset atrial fibrillation during
ICU stay, and stroke during the hospital stay. We defined
MAKE30 as a composite outcome of death, new initiation of
KRT, or doubling of serum creatinine from the preoperative
level within 30 days after the surgery [15]. We censored
fluid balance at the time of ICU discharge due to potential
inaccuracies in data collection post-ICU discharge.

2.3 Statistical analysis
Among the patients meeting the eligibility criteria, we ex-
cluded from our analysis patients with end-stage kidney dis-
ease or those whose preoperative serum creatinine exceeded
3.5 mg/dL. We also excluded those without urine output data,
those diagnosed with stage 3 AKI, those on norepinephrine
dose or epinephrine >0.2 µg/kg/min, patients with hyperna-
tremia (>150 mEq/L), and the patients undergoing, based
on the data within the initial 24 hours after ICU admission.
In case of any missing data, except for CVP, the number
of missing data was noted, and the analysis was conducted
excluding these cases. The methodology for imputing post-
operative CVP values is described in the Participants and data
source/measurement section (Supplementary Table 2).
We reported categorical variables as numbers (percentages)

and continuous variables as medians with interquartile ranges.
A comparison of baseline characteristics and hemodynamic
parameters between patients who did and did not receive early
diuretic administration was made using the chi-square test or
Fisher’s exact test for categorical variables and the Mann-
Whitney U test for continuous variables. We evaluated the im-
pact of early diuretic use on AKI progression using multivari-
able logistic regression analyses adjusted for age, APACHE II
score, average CVP values during the first 24 hours after ICU
admission, chronic hypertension, preoperative left ventricular



177

ejection fraction, preoperative CVP levels, baseline serum cre-
atinine, cardiopulmonary bypass (CPB), intraoperative fluid
balance, and surgery time. We selected these variables based
on their clinical relevance and importance as risk factors for
AKI in previous studies [11, 16–21]. We also performed
multivariable analyses for the secondary outcomes using the
same set of covariates.
For the primary outcome, we carried out the following sen-

sitivity analyses, including: (1) the inclusion of only patients
with intraoperative fluid balance >5% of the body weight
due to its association with AKI progression in cardiac surgery
patients [6], (2) the inclusion of only patients receiving any
vasopressor or inotrope during the first 24 hours after ICU
admission considering the association between shock and AKI
[22], (3) the exclusion of patients who received human na-
triuretic atrial peptide during the first 24 hours because it
may worsen renal function after cardiac surgery [23], (4) the
exclusion of patients who underwent off-pump CABG, and (5)
the exclusion of centers with at least one censoring occurred
during the study period.
In addition, as part of our exploratory analyses, we com-

pared the temporal changes of the worst AKI stage between
groups: (1) between early diuretics and non-early diuretics
groups and (2) between patients with and without AKI pro-
gression.
All analyses were performed using Stata version 16 (Stat-

aCorp, College Station, TX, USA), R studio software ver-
sion 2023.03.0+386 (R Foundation for Statistical Computing,
Vienna, Austria), and EZR (Saitama Medical Center, Jichi
Medical University, ver. 1.36), which is a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria). We considered a two-sided p value < 0.05
as statistically significant.

3. Results

Among 1568 adult patients admitted to the ICUs after cardiac
surgery between January and December 2018, 870 patients
were registered in the BROTHER study. After excluding 152
patients, 718 patients were eligible for this post-hoc analysis
(Fig. 1). No patients were lost to follow-up.
Table 1 describes preoperative patient characteristics and

perioperative management. Intravenous diuretics were admin-
istered in 335 patients (47%) received intravenous diuretics
during the first 24 hours after ICU admission. The median age
was 71 years, and most patients had chronic hypertension. A
higher proportion of patients undergoing mitral valve surgery
and longer surgery time and cardiopulmonary bypass time
were observed in the early diuretics group. Among the vaso-
pressors and inotropes administered in the first 24 hours, dobu-
tamine was the most common agent. Vasoconstrictors (i.e.,
norepinephrine, dopamine, vasopressin and phenylephrine)
were more frequently used in the early diuretics group. Further
data on preoperative patient characteristics and perioperative
management are described in Supplementary Table 3.
Table 2 summarizes the type of diuretic agents used during

the first 24 hours. Loop diuretics were the most common
agents, followed by human atrial natriuretic peptide. More
than one types of diuretic agent were used in 67 patients (20%).

Table 3 summarizes the clinical outcomes. The primary
outcome, AKI progression, occurred in 115 patients (16%).
Supplementary Tables 4 and 5 present the changes in AKI
stages based on the exposure variable and primary outcome
measure, respectively. In patients with AKI progression, the
urine output criteria identified worsening AKI stage more
frequently than the serum creatinine criteria (Supplementary
Table 6). Supplementary Fig. 2 presents the temporal
trend of serum creatinine levels. No statistically significant
difference was observed between the two groups at any time
point. The fluid balance in the early diuretics group was
smaller on the second day of the ICU stay but greater on the
third day (Table 3). Patients in the early diuretics group, dis-
continued mechanical ventilation earlier than those in the non-
early diuretic group; however, the duration of hospitalization
was prolonged (Table 3).
Multivariable logistic regression analyses (Table 4) found

that the adjusted odds ratio of early diuretic use for AKI pro-
gression was 1.12 (95% confidence interval (CI), 0.74–1.69; p
= 0.61). The sensitivity analyses found similar results with the
primary analysis. Themultivariable analyses conducted for the
secondary outcomes revealed that the early administration of
diuretics was associatedwith a reduction in fluid balance on the
second day of ICU stay. However, it was also associated with
an increase in fluid balance on the third day and a prolonged
hospital stay (Supplementary Table 7).

4. Discussion

4.1 Key findings
This post-hoc analysis of a multicenter retrospective cohort
study investigated whether early administration of diuretic
agents was associated with a decreased risk of subsequent AKI
progression in adult patients after elective cardiac surgery.
Among 718 patients eligible for this analysis, 47% received
early diuretic agents, and 16% experienced AKI progression.
The multivariable logistic regression analysis found that early
diuretic use was not associated with AKI progression, which
was also confirmed by sensitivity analyses.

4.2 Relationship with previous studies
Fluid therapy is one of the crucial parts of routine intensive care
practice; however, a positive fluid balance is frequently ob-
served after fluid resuscitation, which is associated with detri-
mental clinical outcomes, including mortality and worsening
kidney function among critically ill patients [24–26]. Active
fluid removal using diuretic agents and ultrafiltration is the
cornerstone for the treatment for fluid accumulation. However,
the most appropriate timing to start diuretics and ultrafiltration
remains an open question [10]. Our findings are consistent
with those of a recent meta-analysis of randomized controlled
trials which evaluated the relationship between furosemide and
AKI in patients undergoing cardiac surgery [27]. This meta-
analysis found no effect of furosemide on the incidence of AKI
or the requirement of KRT.
The biggest challenge in fluid management is that both fluid

depletion and overload can exacerbate kidney function. Thus,
diuretics are effective in patients with fluid overload while



178

FIGURE 1. Patient flow chart. ICU: intensive care unit; IABP: intra-aortic balloon pumping; ECMO: extracorporeal
membrane oxygenation; VAD: ventricular assist device; ABP: arterial blood pressure; BP: blood pressure; AKI: acute kidney
injury; CVP: central venous pressure.
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TABLE 1. Patient characteristics and perioperative management.
All

N = 718
Early diuretics

N = 335
Non-early diuretics

N = 383 p value

Age, yr 71 (63–77) 71 (65–77) 70 (62–76) 0.40
Males, n (%) 446 (62) 206 (61) 240 (63) 0.81
Chronic hypertension, n (%) 527 (73) 237 (71) 290 (76) 0.16
Chronic kidney disease, n (%) 297 (41) 139 (41) 158 (41) 1.00
Previous cardiac surgery, n (%) 70 (10) 31 (9.3) 39 (10) 0.77
LVEF, n (%)

>50% 582 (81) 267 (80) 315 (82)

0.84
35%–50% 109 (15) 54 (16) 55 (14)
20%–34% 25 (3.5) 13 (3.9) 12 (3.1)
<20% 2 (0.3) 1 (0.3) 1 (0.3)

Baseline serum creatinine, mg/dL 0.85 (0.70–1.03) 0.83 (0.70–1.02) 0.85 (0.70–1.03) 0.67
Preoperative CVP, mmHg 3 (3–6) 3 (3–6) 3 (3–6) 0.81
Type of surgery, n (%)

CABG 245 (34) 105 (31) 140 (37) 0.16
Mitral valve 235 (33) 123 (37) 112 (29) 0.04
Aortic valve 349 (49) 156 (47) 193 (50) 0.33
Tricuspid valve 127 (18) 57 (20) 60 (17) 0.66
Pulmonary valve 9 (1.3) 4 (1.2) 5 (1.3) 1.00

Surgery time, minutes 341 (276–427) 351 (284–446) 335 (271–407) <0.001
Cardiopulmonary bypass, n (%) 625 (87) 300 (90) 325 (85) 0.08
Cardiopulmonary bypass time, minutesa 176 (135–231) 180 (137–235) 173 (134–225) 0.18
Intraoperative fluid balance, mL 2250 (1192–3317) 2184 (1027–3332) 2300 (1393–3302) 0.26
APACHE II score 13 (11–15) 13 (11–15) 12 (10–15) 0.35
Vasopressors and inotropes within the first 24 hours after ICU admission

Norepinephrine, n (%) 269 (37) 149 (44) 120 (31) <0.001
Maximal doseb, µg/kg/min 0.07 (0.04–0.11) 0.08 (0.05–0.12) 0.06 (0.04–0.10) 0.21
Epinephrine, n (%) 4 (0.6) 1 (0.4) 3 (0.8) 0.71
Maximal doseb, µg/kg/min 0.06 (0.04–0.07) 0.05 (0.05–0.05) 0.07 (0.05–0.08) 1.00
Dopamine, n (%) 122 (17) 78 (23) 44 (11) <0.001
Maximal doseb, µg/kg/min 3.0 (1.9–4.1) 2.8 (1.8–4.2) 3.4 (2.0–4.1) 0.37
Vasopressin, n (%) 25 (3.5) 20 (6.0) 5 (1.3) <0.001
Phenylephrine, n (%) 9 (1.3) 8 (2.4) 1 (0.3) 0.03
Dobutamine, n (%) 385 (54) 182 (54) 203 (53) 0.78
Maximal doseb, µg/kg/min 2.5 (1.6–3.4) 2.7 (1.8–3.5) 2.5 (1.6–3.4) 0.58
PDE inhibitors, n (%) 122 (17) 74 (22) 48 (13) <0.001
CVP within the first 24 hours after
ICU admission, mmHg

8.3 (6.6–10.4) 8.4 (6.9–10.3) 8.4 (6.9–10.3) 0.36

Worst AKI stage within the first 24 hours after ICU admission, n (%)
No AKI 502 (70) 232 (69) 270 (70)

0.66AKI stage 1 182 (25) 89 (27) 93 (24)
AKI stage 2 34 (4.7) 14 (4.2) 20 (5.2)

APACHE: acute physiology and chronic health evaluation; CABG: coronary artery bypass grafting; CVP: central venous
pressure; ICU: intensive care unit; LVEF: left ventricular ejection fraction; PDE: phosphodiesterase; AKI: acute kidney injury.
a: The denominator was patients whose surgery was conducted with cardiopulmonary bypass.
b: The denominator was patients to whom each vasoactive agent was given during the first 24 hours after ICU admission.
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TABLE 2. Use of diuretics during the first 24 hours after ICU admission.
Administered diuretics N (%)
Total 335
Loop 157 (47)
Human atrial natriuretic peptide 109 (33)
Mineralocorticoid receptor antagonists 2 (0.6)
Loop and human atrial natriuretic peptide 28 (8.4)
Loop and mineralocorticoid receptor antagonists 21 (6.3)
Loop, mineralocorticoid receptor antagonists, and human atrial natriuretic peptide 16 (4.8)
Mineralocorticoid receptor antagonists and human atrial natriuretic peptide 2 (0.6)

TABLE 3. Clinical outcomes.
All

N = 718
Early diuretics

N = 335
Non-early diuretics

N = 383 p value

AKI progression, n (%) 115 (16) 57 (17) 58 (15) 0.56

MAKE30, n (%) 6 (0.8) 4 (1.2) 2 (0.5) 0.43

Hospital mortality, n (%) 3 (0.4) 2 (0.6) 1 (0.3) 0.60

Need for KRT during ICU stay, n (%) 4 (0.6) 2 (0.6) 2 (0.5) 1.00

Fluid balance on the second day of
ICU stay, mL

532 (−100–1272) 482 (−191–1139) 599 (−22–1366) 0.04

Fluid balance on the third day of ICU
staya, mL

−419 (−1234–104) −282 (−845–136) −588 (−1427–27) <0.001

Length of ICU stay, day 3 (2–4) 3 (2–4) 3 (2–4) 0.60

Length of hospital stay, day 20 (15–27) 21 (17–29) 19 (14–26) <0.001

Length of mechanical ventilation in
ICU, (h)

8 (5–17) 7 (4–16) 10 (5–17) <0.001

New-onset atrial fibrillation during
ICU stayb, n (%)

85 (15) 33 (13) 52 (17) 0.21

Stroke during hospital stay, n (%) 12 (1.7) 8 (2.4) 4 (1.0) 0.24

AKI: acute kidney injury; KRT: kidney replacement therapy; MAKE: major adverse kidney event; ICU: intensive care unit.
a: The denominator was patients who stayed in the ICU over three calendar days or more (N = 706 for the overall population, N
= 329 for early diuretics, and N = 377 for non-early diuretics).
b: The denominator was patients without a history of atrial fibrillation before ICU admission (N = 557 for the overall population,
N = 254 for early diuretics, and N = 303 for non-early diuretics).

TABLE 4. The effects of early diuresis on acute kidney injury progression in multivariable analyses.
OR (95% CI) p value

Overall population 1.12 (0.74–1.69) 0.61
Sensitivity analyses

Patients with intraoperative fluid overloada 1.21 (0.57–2.57) 0.62
Patients receiving any vasopressor or inotrope within the first 24 hours
after intensive care unit admission

1.20 (0.74–1.95) 0.46

Excluding patients receiving human atrial natriuretic peptide 0.66 (0.37–1.19) 0.17
Excluding patients who underwent off-pump CABG 1.19 (0.76–1.87) 0.44
Excluding centers with at least one censored case during the study period 1.10 (0.72–1.67) 0.66

Abbreviations: CI: confidence interval; OR: odds ratio; CABG: coronary artery bypass grafting.
a: Fluid overload was defined as intraoperative fluid balance >5% of the body weight.
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deleterious in patients with hypovolemia. In addition, the lack
of a highly reliable method to assess fluid status complicates
the appropriate administration of diuretic agents. Of note, we
found that early diuresis was associated with accelerated fluid
removal on the following day of surgery. Taken together, we
could hypothesize that the benefits of early diuretics admin-
istration in patients with volume overload were canceled by
its harms in patients with normal or even hypovolemic fluid
status. In line with our findings, a recent randomized trial in
critically ill patients found less fluid accumulation in patients
assigned to the restrictive fluid administration and active fluid
removal strategy than in patients assigned to usual care and no
difference in kidney outcomes [28].
It is also worth noting that the type of diuretic agents could

impact clinically relevant outcomes. Since loop diuretics are
the leading diuretic agent in intensive care settings, efforts
should be made to avoid their common adverse effects. One
major side effect is hypokalemia, an independent risk factor
for perioperative arrhythmia in patients undergoing cardiac
surgery [29]. Co-administration of mineralocorticoid receptor
antagonists may prevent or at least alleviate hypokalemia.
Another adverse effect is metabolic alkalosis, which is of-
ten accompanied by respiratory acidosis and may inhibit the
weaning from mechanical ventilation or increase mortality in
critically ill patients [30]. Acetazolamide, a carbonic anhy-
drase inhibitor, can attenuate metabolic alkalosis and stimulate
respiratory drive. In addition, a recent randomized trial demon-
strated that the addition of acetazolamide to loop diuretic ther-
apy, compared with loop diuretics plus placebo, led to more
successful decongestion in patients with acute decompensated
heart failure [31]. In our study, none of the patients were given
acetazolamide, and 20 patients (7.2% among the early diuretics
group) received mineralocorticoid receptor antagonists within
the first 24 hours, which was consistent with a previous report
[32]. The use of combination diuretic therapy may result in
successful fluid removal without causing electrolyte or acid-
base disorders, thus improving outcomes.
The adverse effects of the early diuretics administration on

fluid balance and hospitalization should be interpreted with
caution, as the analyses presented here are exploratory by
definition. The fluid balance measured on the third day of
ICU admission may not reflect the actual fluid balance ac-
curately, as the fluid balance measurements were censored
at ICU discharge and the median ICU stay was only three
days. In particular, patients with a stable postoperative course
may have been discharged from the ICU within a short period
on the third day. Moreover, the potentially negative effect
on the hospital stay was not consistently observed across all
outcomes. Therefore, these findings should require careful
assessment.

4.3 Significance and implications
This study does not support the routine use of early diuretic
agents after cardiac surgery. We found that early diuretic
therapy resulted in less fluid accumulation without a reduced
incidence of AKI progression. Since diuretic agents may
temporarily increase urine output even in patients with hy-
povolemia, it is vital to evaluate the patient’s volume status

before the administration of diuretic agents. With no definitive
parameter or biomarker to predict the successful administration
of diuretic agents, clinicians should consider a variety of ele-
ments, including physical symptoms, hemodynamic metrics,
laboratory data, and radiological/sonographic signs [10].
Future research should address identifying the optimal tim-

ing to start diuretics using multimodality approaches. In addi-
tion, future trials are warranted to assess the effect of a com-
bination of diuretics with different mechanisms after cardiac
surgery.

4.4 Strengths and limitations
Our study has several limitations. First, we did not collect
data on intravenous diuretics during cardiac surgery or oral
diuretics after the surgery. However, we took into account
several intraoperative confounders (e.g., intraoperative fluid
balance) in the multivariable analyses to adjust the effects of
intraoperative management on postoperative AKI progression.
In addition, diuretics are typically administered intravenously
immediately after cardiac surgery. Second, a higher proportion
of patients in the early diuretics group were observed to receive
vasopressors and inotropes during the first 24 hours after
ICU admission, compared to patients without early diuresis.
However, a sensitivity analysis in patients receiving vaso-
pressors or inotropes confirmed the primary analysis. Third,
inherent to any observational cohort study, we could not con-
trol unmeasured or unknown confounders that could have
influenced the findings. These might include specific details
of cardiopulmonary bypass (CPB) settings, or the underlying
indications for diuretic administration. Variations in intraoper-
ative management or clinical conditions could have potentially
influenced our results.

5. Conclusions

We found that early use of diuretic agents was not associated
with a reduced risk of AKI progression after cardiac surgery.
Our findings do not support the routine use of early adminis-
tration of diuretics to prevent the worsening of AKI.

ABBREVIATIONS

AKI: acute kidney injury; APACHE: Acute Physiology and
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dence interval; CPB: cardiopulmonary bypass; CVP: central
venous pressure; ECMO: extracorporeal membrane oxygena-
tion; ICU: intensive care unit; KRT: kidney replacement ther-
apy; MAKE: major adverse kidney event; OR: odds ratio.
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