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ABSTRACT

Objective: The Acute Disease Quality Initiative (ADQI) working group recently released a consensus
definition of sepsis-associated acute kidney injury (SA-AKI), but the prognosis and risk factors for
early and late SA-AKI have not been studied.

Methods: This was a retrospective cohort study based on the Medical Information Mart for
Intensive Care IV (MIMIC-IV) database (v2.2). First, SA-AKI patients that met the new definition
from the ADQI were screened, and then, the relationships between SA-AKI occurrence time and
relevant clinical parameters were analyzed.

Results: After propensity score matching, 1,090 early SA-AKI (AKI occurring within 48h of sepsis
diagnosis) cases and late SA-AKI (AKI occurring between 48h and 7days after sepsis diagnosis)
cases were identified. Compared with late SA-AKI patients, early SA-AKI patients had no significant
differences in all-cause mortality at 28days, 60days or 180days, renal replacement therapy (RRT)
rates; or major adverse kidney events at 30days (MAKE-30). However, the renal recovery of early
SA-AKI patients was significantly better than that of late SA-AKI patients, their lengths of hospital
stay and intensive care unit stay were significantly shorter, and the number of patients with
positive fluid balance was lower, but the use of nonsteroidal anti-inflammatory drugs (NSAIDs) and
nephrotoxic antibiotics and the incidence of septic shock were higher. In addition, there was a
difference in the number of patients with early and late SA-AKI at highest AKI stages 1 and 3. Data
analysis also revealed that liver disease, cancer, highest AKI stage 3 and septic shock were
associated with renal nonrecovery.

Conclusions: Although there was no significant difference in mortality between early and late
SA-AKI patients, there were significant differences in renal recovery, positive fluid balance,
nephrotoxic antibiotic use, septic shock and AKI stage. Therefore, the classification of early and
late SA-AKI has certain scientific and rational validity, but whether the two have different clinical
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outcomes and pathogeneses requires further study.

Introduction

Sepsis is a life-threatening organ dysfunction caused by the
body’s dysfunctional inflammatory response to infection [1].
Acute kidney injury (AKI) is the most common complication
of sepsis and is known as sepsis-associated acute kidney
injury (SA-AKI) [2,3]. SA-AKI accounts for approximately 50%
of all AKI cases and is associated with longer intensive care
unit (ICU) and hospital stays, and higher mortality, posing a
serious threat to human health [2,4].

SA-AKI is common in the ICU and is closely associated
with adverse outcomes, including chronic kidney disease,
cardiovascular events and increased risk of death [2]. The
pathophysiology of SA-AKI is complex and currently not fully
understood, and improving the outcome of SA-AKI remains a
challenge [5]. Early identification of patients at risk of AKI or
those at risk of progressing to severe and/or persistent AKI
may improve outcomes via timely initiation of appropriate
support measures. However, many aspects of SA-AKI have
been poorly described and there has been no standardized
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consensus or definition. To this end, the 28th Acute Disease
Quiality Initiative (ADQI) working group discussed this issue
and formulated the world’s first expert consensus on SA-AKI
in 2022 [6]. The consensus clearly defines SA-AKI as AKI
occurring within 7 days after sepsis diagnosis on the basis of
the criteria of Sepsis 3 and Kidney Disease Improving Global
Outcome (KDIGO); the group also proposed defining AKI
occurring within 48h after sepsis diagnosis as early SA-AKI
and AKI occurring between 48h and 7 days as late SA-AKI [6].

Expert consensus assumes that early and late SA-AKI may
have different mechanisms of occurrence, corresponding to
different phenotypes and prognoses, and may even have dif-
ferent treatment responses to interventions. Similar time dif-
ferences have been observed in critically ill patients with
septic shock and acute respiratory distress syndrome (ARDS),
where the prognosis appears to be poorer in patients with
late-onset disease, possibly related to reduced tolerance to
injury in patients with organ failure [7,8]. Previous studies
have shown that early AKI may have lower mortality and
may be related to physiological and pathological mecha-
nisms that differ from those of late-onset AKI [9,10]. However,
these studies used outdated definitions of sepsis and AKI.
Therefore, this study extracted and compared the relevant
clinical information of SA-AKI patients from the Medical
Information Mart for Intensive Care IV (MIMIC-IV) database,
and explored the relationship between the occurrence time
of SA-AKI and clinical outcomes to better guide clinical inter-
vention for SA-AKI patients.

Materials and methods
Data source

A retrospective observational study was conducted using the
MIMIC-IV database, which is a freely available open database
containing real hospitalization information for patients admit-
ted to a tertiary academic medical center in Boston,
Massachusetts, USA between 2008 and 2019. The MIMIC-IV
database is specifically designed to facilitate different health-
care research projects and contains comprehensive informa-
tion on each patient’s stay, including laboratory measurements,
medication use, and recorded vital signs. One of the authors
(Bo-wen Shi) obtained access to the database (certificate
number 54891297). The manuscript adheres to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [11].

Study population

This study included SA-AKI patients in the MIMIC-IV database
who met the latest definition from the ADQI. The diagnosis
of AKI was in accordance with KDIGO guidelines: serum cre-
atinine (Scr) was increased by more than 50% relative to
baseline and/or the Scr level was increased to 26.5mol/L
within 48h and/or the urine output was less than 0.5mL/
kg/h within the shortest 6h. The exclusion criteria were as
follows: (1) patients under 18years old; (2) patients who were

repeatedly admitted to the ICU; (3) patients who were dis-
charged from a hospital less than 24 h after admission to the
ICU; (4) patients with incorrect information regarding death;
(5) patients with end-stage renal disease; (6) patients lacking
data on the timing of ICU entry and exit; (7) patients with
AKI that was diagnosed before the diagnosis of sepsis; and
(8) patients with AKI diagnosed 7 days or later after the diag-
nosis of sepsis.

Outcomes

The primary outcome was the 28-day mortality of patients
with early or late SA-AKI. The secondary outcomes included
prognostic indicators and differences between early and late
SA-AKI patients according to the ADQI consensus recommen-
dation, such as all-cause mortality at 60days or 180days,
renal recovery, renal replacement therapy (RRT) utilization,
and major adverse kidney events at 30days (MAKE-30). Renal
recovery was assessed on the basis of the recovery status at
discharge or within 28days, with the complete recovery cri-
teria being survival and the Scr level being restored to within
1.5 times the reference creatinine value [12,13]. Definitions of
the relevant parameters are provided in Table S4.

Statistical analysis

Descriptive statistics are expressed as the frequency and pro-
portion of categorical variables, the median of the interquar-
tile range (IQR) or the mean based on the standard deviation
of their parametric or nonparametric distributions. Univariate
logistic regression analysis was used to examine the relation-
ship between each candidate indicator and the occurrence
of renal recovery. After excluding the multicollinearity indica-
tors in the logistic regression model, multivariable logistic
regression analysis was used to evaluate the independent
variables associated with renal recovery. Multivariable logis-
tic stepwise regression was subsequently used to determine
the most effective predictors of renal recovery. The results of
the multivariable analysis are reported as odds ratios (ORs)
with 95% confidence intervals (95% Cls). Kaplan—-Meier
curves were used to compare the cumulative survival
between early and late SA-AKI patients. Considering the
large data set, bilateral P values < 0.05 were considered sta-
tistically significant.

A preliminary analysis was performed in a matched cohort
to investigate the associations of early and late SA-AKI with
primary and secondary outcomes. We used propensity score
matching to adjust the variables [14]. Logistic regression
models were used to obtain the probability that each patient
belonged to the ‘early SA-AKI' group (i.e. propensity score).
Variables in the propensity score matching model were
selected on the basis of consensus statements published in
the literature and included age, sex, race, anchoring year, first
unit of care, Charlson comorbidity index and SOFA score. The
nearest neighbor method was used to build a 1:1 scale
match, the caliper width was 0.2, and no substitution was
made. The standardized mean difference (SMD) was used to
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evaluate the balance of variables between groups before and
after matching. A value less than 0.10 indicates balance in
the matched cohort dataset. Variables with p<0.05 in the
univariate analysis were included in the multivariable analysis
for adjustment, including age, sex, race, anchoring year, first
care unit, ICU type, Charlson comorbidity index, and SOFA
score (Figure S3).

Univariate logistic regression analysis was used to examine
the relationship between each candidate index and the
occurrence of kidney recovery. Indicators of multicollinearity
in logistic regression models were excluded. Multivariable
logistic regression analysis was used to evaluate independent
variables associated with kidney recovery. A significance
threshold of p<0.05 was used to select variables for multi-
variable analysis. Multiple logistic stepwise regression was
subsequently used to determine the most effective predictors
of kidney recovery. Odds ratios (ORs) and 95% confidence
intervals (Cls) are reported. Among them, the number of par-
tial recovery patients in the late SA-AKI group was too small,
and these patients were merged into the nonrecovery group.

Statistical calculations were performed via the R language
environment (R Foundation for Statistical Computing, version
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Results
Population characteristics

A total of 11266 early SA-AKI patients and 1091 late SA-AKI
patients were screened in the MIMIC-IV database, accounting
for 91.2% and 8.8% of total the patients, respectively. After
propensity score matching, there were 1090 early and late
SA-AKI patients each (Table 1). The study enrollment flow
diagram is shown in Figure 1. The handling of missing values
is shown in Figures S1 and S2. Propensity score matching is
shown in Figure S3.

In the analysis of risk factors, we identified nephrotoxic
antibiotics, cerebrovascular disease, and septic shock as risk
factors for 28-day mortality (Table S2).

Relationship between SA-AKI occurrence time and survival

SA-AKI can be divided into early SA-AKI and late SA-AKI
according to the ADQI definition. Further data analysis
revealed that there was no significant difference in all-cause
mortality at 28days, 60days or 180days between patients
with early SA-AKI and patients with late SA-AKI (p=0.95,

4.3.1; Vienna, Austria). p=0.81, p=0.98, respectively, Table 2). The 28-day
Table 1. Baseline analysis of patients before and after propensity score matching.
Before PSM After PSM
Late SA-AKI
Variable Early SA-AKI(n=11266)* (n=1091) SMD Early SA-AKI(n=1090)* Late SA-AKI(n=1090) SMD
Age 69.0 [58.0, 80.0] 67.0 [55.0, 78.0] 0.16 67.0 [55.0, 77.0] 67.0 [55.2, 78.0] 0.02
Sex
Male 6,624 (58.8%) 638 (58.5%) 0.01 642 (58.9%) 638 (58.5%) 0.01
Female 4,642 (41.2%) 453 (41.5%) 448 (41.1%) 452 (41.5%)
Race 0.13 0.03
ASIAN 255 (2.3%) 30 (2.7%) 33 (3.0%) 30 (2.8%)
BLACK 784 (7.0%) 82 (7.5%) 83 (7.6%) 82 (7.5%)
HISPANIC/LATINO 301 (2.7%) 20 (1.8%) 16 (1.5%) 20 (1.8%)
OTHER 2,176 (19.3%) 261 (23.9%) 258 (23.7%) 260 (23.9%)
WHITE 7,750 (68.8%) 698 (64.0%) 700 (64.2%) 698 (64.0%)
Type of ICU 0.39 0.03
Ccvicu 3,035 (26.9%) 134 (12.3%) 141 (12.9%) 134 (12.3%)
ccu 1,005 (8.9%) 116 (10.6%) 120 (11.0%) 116 (10.6%)
MICU 2,435 (21.6%) 239 (21.9%) 226 (20.7%) 239 (21.9%)
MICU/SICU 1,905 (16.9%) 219 (20.1%) 218 (20.0%) 219 (20.1%)
OTHER ICU 2,886 (25.6%) 383 (35.1%) 385 (35.3%) 382 (35.0%)
Charlson Comorbidity 5.0 [3.0, 7.0] 5.0 [3.0, 7.0] 0.05 5.0 [3.0, 7.0] 5.0 [3.0, 7.0] 0.01
Index
SOFA 6.0 [4.0, 8.0] 5.0 [3.0, 7.0] 0.32 5.0 [3.0, 7.0] 5.0 [3.0, 7.0] 0.03
Coronary heart disease 2,081 (18.5%) 181 (16.6%) 0.05 193 (17.7%) 181 (16.6%) 0.03
Congestive heart 3,430 (30.4%) 308 (28.2%) 0.05 320 (29.4%) 308 (28.3%) 0.02
failure
Renal disease 2,088 (18.5%) 183 (16.8%) 0.05 186 (17.1%) 183 (16.8%) 0.01
Liver disease 1,758 (15.6%) 148 (13.6%) 0.06 162 (14.9%) 148 (13.6%) 0.04
CKD stage 0.07 0.04
0 9,219 (81.8%) 916 (84.0%) 907 (83.2%) 915 (83.9%)
1 5 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
2 61 (0.5%) 4 (0.4%) 4 (0.4%) 4 (0.4%)
3 562 (5.0%) 43 (3.9%) 46 (4.2%) 43 (3.9%)
4 174 (1.5%) 15 (1.4%) 19 (1.7%) 15 (1.4%)
5 39 (0.3%) 3 (0.3%) 2 (0.2%) 3 (0.3%)
Unspecified 1,206 (10.7%) 110 (10.1%) 112 (10.3%) 110 (10.1%)
Nephrotic syndrome 6 (0.1%) 2 (0.2%) 0.04 0 (0.0%) 2 (0.2%) 0.06

PSM: propensity score matching; SA-AKI: sepsis associated acute kidney injury; ICU: intensive care unit; CVICU: cardiovascular intensive care unit; CCU:
cardiac care unit; MICU: medisive care unit; SICU: surgical intensive care unit; SOFA: sequential organ failure assessment; APS: acute physiology score;

CKD: Chronic Kidney Disease.
®Median [IQR] or frequency (%).
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Figure 1. Flow chart of patient selection.
ICU; intensive care unit; MIMIC-IV; Medical Information Mart in Intensive Care-IV; AKI: acute kidney injury; SA-AKI: sepsis-associated acute kidney injury.

Table 2. Survival and prognosis of early and late SA-AKI patients.

SA-AKI group
Variable Early (n=1090)° Late (n=1090)? p-value
Primary outcome
28-day all-cause mortality 214 (19.6%) 218 (20%) 0.95
Secondary outcomes
60-day all-cause mortality 257 (23.6%) 265 (24.3%) 0.81
180-day all-cause mortality 323 (29.6%) 329 (30.2) 0.98
ICU all-cause mortality 119 (10.9%) 134 (12.3%) 0.22
In-hospital mortality 170 (15.6%) 180 (16.5%) 0.63
ICU LOS (days)® 3.0 [2.0, 6.0] 6.0 [4.0, 10.0] <0.01
Hospital LOS (days)® 9.0 [5.0, 16.0] 12.0 [8.0, 19.0] <0.01
Maximum (highest) AKI <0.01
stage in ICU
1 219 (20.1%) 451 (41.4%)
2 569 (52.2%) 502 (46.1%)
3 302 (27.7%) 137 (12.6%)
Any RRT 32 (2.9%) 21 (1.9%) 0.21
Renal recovery <0.01
Complete recovery 638 (58.5%) 593 (54.4%)
Partial 150 (13.8%) 98 (9.0%)
None 302 (27.7%) 399 (36.6%)
MAKE-30 339 (31.1%) 321 (29.4%) 0.21

LOS: length of stay; AKI: acute kidney injury; RRT: renal replacement therapy; MAKE-30: major adverse kidney
events at day 30; SA-AKI: sepsis associated acute kidney injury.

2Median [IQR] or frequency (%).

PMedians Differences with 95% Cl was calculated using Wilcoxonrank sum teste.
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Figure 2. Kaplane-Meier Curve for 28-day all-cause mortality according to early and late SA-AKI in the matched cohort.

SA-AKI: sepsis-associated acute kidney injury.

Kaplan—-Meier survival curves before and after propensity-score
matching were similar (Figure 2 and Figure S4). Definitions of
the relevant parameters are provided in Table S4.

Relationships between SA-AKI occurrence time and other
clinical parameters

Data analysis also revealed that although there were no sig-
nificant differences in the RRT or MAKE-30(p=0.21) between
early and late SA-AKI patients, early SA-AKI patients had sig-
nificantly better rate of renal recovery than late SA-AKI
patients did(p<0.01; Table 2). Further analysis revealed that
liver disease, malignancy, Max AKI stage 3, and septic shock
were detrimental to renal recovery (Table 4). For other data,
please refer to Table S3.

In addition, compared with late SA-AKI patients, the
lengths of hospital stay and ICU stay of early SA-AKI patients
were significantly shorter, and the number of patients with
positive fluid balance was lower; however, the use of nonste-
roidal anti-inflammatory drugs (NSAIDs), nephrotoxic antibi-
otics and the incidence of septic shock were higher (Table 3).
Moreover, the number of early SA-AKI patients at Max AKI
stage 1 was significantly lower than that of late SA-AKI
patients, but the number of early SA-AKI patients at Max AKI

Table 3. Differences in patients with early and late SA-AKI.
SA-AKI group

Variable Early (n=1090)* Late (n=1090) p-value

NSAIDs 333 (30.6%) 211 (19.4%) 0.01

Nephrotoxic 269 (24.7%) 156 (14.3%) <0.01
antibiotics

Vasoactive agents 444 (40.7%) 466 (42.8%) 0.41

Mechanical ventilation 472 (43.3%) 477 (43.8%) 0.43

Positive fluid balance, 717 (65.8%) 852 (78.2%) <0.01
mL

Heart Rate, bpm 87.4+16.5 86.8+16.5 0.40

MAP, mmHg 78.6+£10.3 77.8+£10.2 0.07

Resp Rate, /min 20.1+£4.2 19.6+4.0 0.28

Temperature, C° 37.0+£0.6 36.9+0.6 <0.01

Lactate level Max 26+2.0 28+24 0.10
(mmol/L)

Septic shock 199 (18.3%) 157 (14.4%) 0.02

SA-AKI: sepsis associated acute kidney injury; NSAIDs: non-steroidal
anti-inflammatory drugs; MAP: Mean Arterial Pressure.
2Average (+SD) or frequency (%).

stage 3 was significantly greater than that of late SA-AKI
patients (Table 2).
Univariable and multivariable analysis of risk factors

associated with kidney recovery

In our study, a comprehensive univariate and multivariable
analyses were performed to delineate the risk factors linked
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Table 4. Factors and extent associated with renal recovery.

Complete recovery Partial or None

Variable (h=6976)° (h=5381) OR (univariable)P OR (multivariable)P p-value
Sex
Male 4,224 (60.6%) 3,037 (56.4%)
Female 2,750 (39.4%) 2,344 (43.6%) 1.19 (1.10-1.27) 1.12 (1.03-1.22) 0.01
Cerebrovascular disease 913 (13.1%) 802 (14.9%) 1.16 (1.05-1.29) 1.33 (1.19-1.48) <0.01
NSAIDs 1,503 (21.5%) 931 (17.3%) 0.76 (0.70-0.83) 0.99 (0.88-1.12) 0.87
Liver disease 813 (11.7%) 1,093 (20.3%) 1.93 (1.75-2.13) 1.43 (1.26-1.61) <0.01
Nephrotoxic antibiotics 935 (13.4%) 812 (15.1%) 1.15 (1.04-1.27) 1.23 (1.08-1.40) <0.01
Cancer 710 (10.2%) 863 (16%) 1.69 (1.52-1.88) 1.55 (1.38-1.74) <0.01
AKI stage maximum

(highest stage

reached)
1 1,716 (24.6%) 1,072 (19.9%)
2 4,106 (58.9%) 2,132 (39.6%) 0.83 (0.76-0.91) 0.75 (0.68-0.83) <0.01
3 1,154 (16.5%) 2,177 (40.5%) 3.02 (2.72-3.35) 1.54 (1.36-1.75) <0.01
Septic shock 879 (12.6%) 1,346 (25%) 2.31 (2.11-2.54) 1.26 (1.12-1.41) <0.01

APS: acute physiology score; AKI: acute kidney injury.
2Average (+SD) or frequency (%).
b0dds ratio for complete renal recovery.

to renal recovery. Given the scarcity of patients with partial
renal recovery, this cohort was integrated into the nonrecov-
ery group for analysis. The multivariable analysis identified
several influential factors associated with kidney recovery,
including age, any renal replacement therapy (any RRT), AKI
stage, hemoglobin and lactate levels, sex, diuretic use, expo-
sure to nephrotoxic antibiotics, cerebrovascular disease,
hypertension, liver disease, cancer, the maximum AKI stage,
and septic shock, as detailed in Table 4. Following multivari-
able adjustment, sex, nephrotoxic antibiotic exposure, cere-
brovascular disease, hypertension, liver disease, cancer,
maximum AKI stage, and septic shock emerged as indepen-
dent risk factors for kidney recovery. Although age and lac-
tate levels were statistically significant (p<0.05) in the
multivariable logistic regression analysis, the adjusted odds
ratios of 1.01 (95% Cl, 1.01-1.02), 1.01 (95% Cl, 1.00-1.02), and
1.03 (95% Cl, 1.01-1.04), respectively, indicate that these fac-
tors may not have substantial clinical implications. The anal-
ysis of any RRT was limited due to the insufficient sample
size, as noted in Table S3.

Discussion

SA-AKI is difficult to identify in its early stage, resulting in
high mortality and poor prognosis [15]. Its pathogenesis is
complex and involves multiple factors and its clinical pheno-
type, disease progression and treatment response are hetero-
geneous [15,16]. At present, there are no exact and effective
interventions. Therefore, early detection of SA-AKI and the
prediction of its progression may improve the outcomes of
SA-AKI through the timely provision of supportive treatment
and the prevention of further kidney injury.

Previous studies focusing on SA-AKI have usually used the
criteria of Sepsis 3 and KDIGO, which indicate that there may
be heterogeneity in the population of SA-AKI patients, as
well as differences in morbidity and mortality [17]. Recently,
the ADQI redefined SA-AKI and divided it into early SA-AKI
and late SA-AKI [6]. However, to date, there has been no
research on or exploration of the latest definitions of early
and late SA-AKI in large databases. This study retrieved

SA-AKI case information from the MIMIC-IV database and
reported that there was no significant difference in 28-day
all-cause mortality between early and late SA-AKI patients.
Monard et al. [18] reported no significant difference in
in-hospital mortality between early and late SA-AKI patients.
White et al. [19] reported that the hospital mortality of
SA-AKI patients was 18%, and SA-AKI was independently
associated with an increase in mortality. These findings indi-
cate that the occurrence time of SA-AKI may not be signifi-
cantly associated with mortality. However, observational
studies have shown that late SA-AKI in patients is associated
with worse clinical outcomes and higher mortality than early
SA-AKI is; however, the number of cases in that study was
small, and the classification criteria for early and late SA-AKI
were within and outside 24 h after the diagnosis of sepsis [9].
Wang et al. [20] reported that the incidence of MAKE and
in-hospital mortality in patients with late SA-AKI were signifi-
cantly greater than those in patients with early SA-AKI.
Therefore, more studies are needed to confirm the associa-
tion between SA-AKI occurrence time and mortality.

In addition, the increased use of NSAIDs in the early
SA-AKI group (better renal recovery) and the lower mortality
associated with the use of NSAIDs (Table S2) are not consis-
tent with previous perceptions [21]. This may be the result of
confounding factors, such as patients with better renal recov-
ery and/or overall prognosis being more likely to be pre-
scribed NSAIDs in the ICU than patients with persistent renal
dysfunction or higher overall disease severity. However, in
our multivariate analysis of risk factors for renal recovery in
the total population, NSAIDs were not found to be a factor
affecting renal recovery (Table 4). Similarly, a positive fluid
balance may be a consequence of the difference between
patients with early and late SA-AKI, but it does not appear to
have an effect on mortality.

This study also revealed that the renal recovery of patients
with early SA-AKI was significantly better than that of patients
with late SA-AKI, and there may be some associations
between diuretic use and renal recovery, whereas liver dis-
ease, cancer, Max AKI stage 3 and septic shock were associ-
ated with lower rates of renal recovery. Compared with
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patients with late SA-AKI, patients with early SA-AKI had
shorter hospital stays and ICU stays and fewer patients with
a positive fluid balance, but the use of nonsteroidal
anti-inflammatory drugs and nephrotoxic antibiotics and the
incidence of septic shock were higher. The number of early
SA-AKI patients at Max AKI stage 1 was significantly lower
than that of late SA-AKI patients, but the number of early
SA-AKI patients at Max AKI stage 3 was significantly greater
than that of late SA-AKI patients. Compared with patients
with late SA-AKI, patients with early SA-AKI develop AKI ear-
lier, and the initiation of AKI treatment was earlier. For those
who survived, the proportion with renal recovery was higher,
and the length of hospital stay and ICU stay was shorter, but
there seemed to be no effect on mortality. However, Monard
et al. [18] reported that compared with patients with early
SA-AKI, patients with late SA-AKI were younger, had greater
renal recovery at ICU discharge, and required less continuous
RRT during their ICU stay, which is slightly different from the
findings of this study; however, only 50 late SA-AKI patients
were included in Monard et al,, so its conclusions need to be
further verified. This study was conducted in a large cohort
of patients from the MIMIC-IV database, which provides com-
prehensive data over a large time span, a larger sample size,
and a greater number and proportion of patients with late
SA-AKI; thus, its conclusions may be more reliable. Given the
significant differences in the univariate analysis between
early and late SA-AKI patients, the distinction between early
and late SA-AKI may be useful for the targeted assessment
and intervention of SA-AKI patients.

The findings of this study indicate that the classification
of early and late SA-AKI by the ADQI has a certain degree of
scientific validity, but there is currently no consensus on
whether the two are related to different pathophysiological
mechanisms. Studies have shown that early renal changes in
SA-AKI are functional rather than structural, with microvascu-
lar and tubular stress abnormalities being more pronounced
than pathological abnormalities within the first 48 h; with the
redistribution of renal blood flow perfusion, renal medullary
hypoxia can cause oxidative stress and inflammation, which
can lead to the injury of renal mesangial cells and the devel-
opment of SA-AKI [22,23]. The progression of disease may
result in renal function recovery or deterioration, and the
outcome largely depends on the severity of kidney injury,
including the duration and recurrence of SA-AKI [2]. Moreover,
several factors may lead to delayed recovery and the pro-
gression of kidney injury, resulting in chronic kidney disease
[3]. These factors include persistent inflammation, fibrosis
and decreased capillary density, resulting in persistent tissue
hypoxia and ischemia, which promote interstitial fibrosis [3].
However, pharmacological treatments to alleviate fibrosis and
oxidative stress are still in the experimental stage [2].
Therefore, the pathogenesis and clinical outcome of early
and late SA-AKI still need more research.

Overall, this study revealed that although there were no
significant differences in 28-day mortality, RRT or MAKE-30
between early SA-AKI patients and late SA-AKI patients,
patients with early SA-AKI had higher rates of renal recovery
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and significantly shorter hospital stays and ICU stays. There
were significant differences between the early and late
SA-AKI patient groups in positive fluid balance, nephrotoxic
antibiotic use, septic shock and AKI stage.

However, this study also has several limitations. First, SA-AKI
patients screened for sepsis and AKlI may be misclassified, and
organ dysfunction identified through analysis may not be
caused by infection. Second, the classification of the ADQI does
not subdivide SA-AKI into various phenotypes, so the studied
SA-AKI patient cohort may represent different groups with dif-
ferent risk factors and outcomes. Third, screening for RRT and
nephrotoxic antibiotics at ICU discharge alone may introduce
deterministic bias. Fourth, this study is based on electronic
healthcare records from routine clinical practice, which lack
data and outlier adjustment. Finally, the data used in this study
are purely observational, and although propensity scores were
used to adjust for confounders, the results may still be influ-
enced by residual confounding factors, so the conclusions
obtained are only hypothetical; moreover, the data in the
MIMIC-IV database come from a single academic medical cen-
ter in the United States, so the generalizability of the conclu-
sions drawn in this study may be limited.
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