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Attributable mortality of acute kidney injury
among critically ill patients with sepsis:
a multicenter, retrospective cohort study
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Abstract

Background Sepsis and acute kidney injury (AKI) are common severe diseases in the intensive care unit (ICU).
This study aimed to estimate the attributable mortality of AKIl among critically ill patients with sepsis and to assess
whether AKI was an independent risk factor for 30-day mortality.

Methods The information we used was derived from a multicenter prospective cohort study conducted in 18
Chinese ICUs, focusing on septic patients post ICU admission. The patients were categorized into two groups: those
who developed AKI (AKI group) within seven days following a sepsis diagnosis and those who did not develop AKI
(non-AKI group). Using propensity score matching (PSM), patients were matched 1:1 as AKI and non-AKI groups. We
then calculated the mortality rate attributable to AKI in septic patients. Furthermore, a survival analysis was conducted
comparing the matched AKI and non-AKI septic patients. The primary outcome of interest was the 30-day mortality
rate following the diagnosis of sepsis.

Results Out of the 2175 eligible septic patients, 61.7% developed AKI. After the application of PSM, a total of 784
septic patients who developed AKI were matched in a 1:1 ratio with 784 septic patients who did not develop AKI. The
overall 30-day attributable mortality of AKI was 6.6% (95% Cl 2.3 ~10.9%, p=0.002). A subgroup analysis revealed that
the 30-day attributable mortality rates for stage 1, stage 2, and stage 3 AKl were 0.6% (95% Cl —5.9~7.2%, p=0.846),
4.7% (95% Cl —3.1~12.4%, p=0.221) and 16.8% (95% Cl 8.1 ~ 252%, p < 0.001), respectively. Particularly noteworthy
was that stage 3 AKl emerged as an independent risk factor for 30-day mortality, possessing an adjusted hazard ratio
of 1.80 (95% Cl 1.31~247, p<0.001).

Conclusions The overall 30-day attributable mortality of AKI among critically ill patients with sepsis was 6.6%. Stage
3 AKI'had the most significant contribution to 30-day mortality, while stage 1 and stage 2 AKI did not increase excess
mortality.

Keywords Sepsis, Acute kidney injury, Attributable mortality, Propensity score matching

Dong-Hui Wang and Jin-Chao Zhao contributed equally to this 'Department of Surgical Intensive Care Unit, Beijing Chao-yang Hospital,

work. Capital Medical University, 8 Gongren Tiyuchang Nanlu, Chaoyang
District, 100020 Beijing, China

*Correspondence: ’Department of Clinical Laboratory, Xiangyang No.1 People’s Hospital,

Yue Zheng Hubei University of Medicine, 441000 Xiangyang, China

zhengyue1978@163.com 3Department of Critical Care Medicine, Fuxing Hospital, Capital Medical

Wen-Xiong Li University, Beijing, China

liwx1126@163.com

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-024-03551-9&domain=pdf&date_stamp=2024-4-5

Wang et al. BMC Nephrology (2024) 25:125

Background

Sepsis is defined as a life-threatening organ dysfunction
caused by the host’s dysregulated response to infection
[1], leading to one-third to one-sixth of global deaths [2—
4]. Acute kidney injury (AKI) is characterized by a sharp
decline in renal function caused by multiple causes in a
short time. The harmful inflammatory cascade reaction
of sepsis may be related to AKI [5, 6]. Sepsis is the leading
cause of AKI in critically ill patients [7], and about 50%
of septic patients are complicated with AKI [8, 9]. Com-
pared to other causes of AKI, sepsis-related AKI leads to
higher mortality [5].

Determining the precise proportion of sepsis-related
deaths caused by AKI is a challenging task, particularly
considering the intricate condition of septic patients in
the intensive care unit (ICU). As such, accurate deter-
mination of the percentage of sepsis-related deaths that
are specifically attributable to AKI remains elusive. Esti-
mating AKI’s impact on mortality in critically ill septic
patients is crucial for planning clinical trials [10]. Vaara
ST estimated that the 90-day absolute excess mortality
caused by AKI in ICU patients was 8.6% [10]. Accord-
ing to Jiang Yijia’s report, new-onset AKI was found to
contribute to excess 30-day mortality of 8.1% in general
ICU patients [11]. It is worth noting that studies on AKI-
attributable mortality vary significantly among differ-
ent studies. So, what exactly is the AKI excess mortality
in ICU septic patients? Therefore, we undertook a com-
prehensive secondary data analysis of a large prospective
multicentre cohort study. Employing propensity score
matching (PSM) analysis, we meticulously reduced con-
founding biases to provide a more accurate estimation of
the excess mortality specifically attributed to AKI. Addi-
tionally, we assessed whether AKI emerged as an inde-
pendent risk factor for 30-day mortality among septic
patients in the ICU.

Materials and methods

Study patients

The data for our study were derived from a prospective
multicentre cohort study conducted by the China Criti-
cal Care Sepsis Trial (CCCST) working group. The study
was carried out in 18 Chinese ICUs. The period was from
1 January 2014 to 31 August 2015. The CCCST study
aimed to investigate the epidemiology and characteris-
tics of critically ill patients with sepsis. Our study spe-
cifically targeted patients who met the sepsis 3.0 criteria
[1] after ICU admission, thus being conclusively diag-
nosed with sepsis. The first day of diagnosis of sepsis was
defined as the onset of sepsis. Following this diagnosis,
patients were closely monitored for any signs of AKI that
occurred within the first seven days. The exclusion cri-
teria included: (1) patients already suffered from AKI of
ICU admission; (2) AKI occurred before sepsis; (3) AKI
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occurred seven days later after the diagnosis of sepsis; (4)
patients suffered chronic kidney disease (CKD), operated
with nephrectomy or kidney transplantation; (5) patients
received renal replacement therapy (RRT) for non-renal
conditions; (6) missing data; (7) patients younger than 18
years of age. All participants or their close relatives had
signed an informed consent form.

The included patients were categorized into two
groups: those who developed AKI (AKI group) within
seven days following a sepsis diagnosis and those who did
not develop AKI (non-AKI group).

Definitions and endpoints

The definition of sepsis 3.0 was used to define sepsis [1].
For cases before 2016, this definition was applied retro-
spectively. Septic shock was defined as sepsis requiring
vasopressors after adequate fluid resuscitation to main-
tain mean arterial pressure (MAP)>65 mmHg and blood
lactate concentration=2 mmol/L [1, 12]. The diagnosis
and stage of AKI were based on the serum creatinine
and urine output criteria proposed by Kidney Disease:
Improving Global Outcomes (KDIGO) [13]. The defini-
tion of baseline creatinine was as follows: if at least five
values were available, the median of all values from 6
months to 6 days before hospitalization was used; oth-
erwise, the minimum value was five days before hos-
pitalization [14]. If no creatinine was available before
hospitalization or the emergency patient’s serum cre-
atinine was abnormal at admission, baseline creatinine
was estimated using the Modification of Diet in Renal
Disease (MDRD) equation [15]. Attributable mortality
of AKI was defined as the proportion of deaths that can
be statistically attributed to AKI [10, 11, 16, 17]. It was
calculated by subtracting the mortality of matched sep-
tic patients without AKI from the mortality of matched
septic patients with AKI (i.e., attributable mortality of
AKI=Mortality in matched AKI patients—Mortality in
matched non-AKI patients).

The primary endpoint was 30-day mortality after sepsis
diagnosis. The secondary endpoint was the ICU length
of stay (LOS), hospital LOS, ICU mortality, and hospital
mortality.

Data collection

Data information included demographic characteristics
[gender, age, and body mass index (BMI)], comorbidi-
ties [chronic obstructive pulmonary disease (COPD) or
asthma, cardiovascular disease, hypertension, diabe-
tes, cancer, and chronic liver disease], admission type
(medical, surgical or emergency), and ICU diagnosis.
The Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score and the non-renal Sequential Organ
Failure Assessment (SOFA) score were recorded on the
sepsis diagnosis day. We collected clinical management
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data, including mechanical ventilation and renal replace-
ment therapy (RRT), on the day of sepsis diagnosis. The
mean arterial pressure (MAP) and the presence of septic
shock were recorded daily within seven days of the defin-
itive diagnosis of sepsis. We also recorded the baseline
creatinine, the use of nephrotoxic drugs (angiotensin-
converting enzyme inhibitors, aminoglycosides, nonste-
roidal anti-inflammatory drugs, and vancomycin, et al.)
[18, 19], ICU LOS, hospital LOS, ICU mortality, 30-day
mortality, and hospital mortality.

Statistical analysis

Statistics were analyzed using R 4.2.3. Continuous vari-
ables were presented as medians (interquartile range,
IQR). Categorical variables are expressed as percentages.
For comparing continuous data, we used the Mann-Whit-
ney U test, and for categorical variables, the Chi-square
test was utilized. A significance level of p<0.05 was con-
sidered to indicate statistical significance. Applying PSM
between septic patients with and without AKI to estimate
the excess mortality attributed to AKI (Fig. 1A). PSM was
performed using the “matchit” package to balance non-
renal variables on outcomes. This study used the near-
est neighbor method with a caliper value of 0.06 of the
standard deviation of the logit of the propensity score.
The propensity score, which was based on baseline char-
acteristics and clinical covariates, was used to adjust the
differences between matched patients with and without
AKI. The variables analyzed for PSM included age, gen-
der, BMI, comorbidities, APACHE II score, non-renal
SOFA score, baseline creatinine, mechanical ventilation,
MADP, septic shock, and the use of nephrotoxic drugs. The
variables used for propensity score matching models did
not exhibit multicollinearity. The multicollinearity tests
were presented in Supplemental Table S2. We checked
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the covariate balance using standardized differences and
considered values of over 25% indicative of meaningful
differences. McNemar’s test was applied to sensitivity
analysis [20]. Then, the 30-day mortality in matched sep-
tic patients with and without AKI was calculated sepa-
rately. Subgroup analysis of matched septic patients with
and without AKI was based on the AKI stage (Fig. 1B).
Attributable mortality was calculated separately for total
and different stages of AKL. A 95% confidence interval
(CI) for the attributable mortality difference was esti-
mated by Newcombe’s method [21].

Survival analysis was conducted on matched AKI and
matched non-AKI septic patients. We used the Kaplan-
Meier survival curve to compare the survival status of
both groups and the log-rank test to compare their sur-
vival time and rate differences. We also used the multi-
variate Cox proportional hazard model to estimate the
hazard ratio (HR) and 95% confidence interval (CI) for
30-day mortality after adjusting for age, gender, BMI,
comorbidities, APACHE II score, non-renal SOFA score,
baseline creatinine, mechanical ventilation, RRT, MAP,
septic shock, and the use of nephrotoxic drugs.

Result

Characteristics of the demographics and proportion of AKI
Of all 4910 patients, 2175 septic patients were included
in this analysis (Table 1), which included 1342 (61.7%)
cases of AKI that occurred within seven days after sepsis
diagnosis (AKI group) and 833 (38.3%) cases who did not
develop AKI (non-AKI group). Of the total, 1388 (63.8%)
were male. The median (IQR) age was 64 (50-76) years.
Patients in the AKI group had a higher BMI (p<0.05).
The proportion of COPD or asthma, cardiovascular
disease, diabetes, cancer, and chronic liver disease was
similar between the two groups. Still, the proportion

2735 exclued
2006 non-Sepsis

4910 patients registered in 18 Chinese ICUs
from January 2014 to August 2015

I AKI of ICU admission

| 2175 septic patients enrolled ‘

135 AKI occurred before sepsis
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Propensity score matching (1:1)
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Fig. 1 Study flow diagram (A) Flowchart of all the participants (B) Flowchart of the subgroup analysis. Abbreviations: ICU intensive care unit; AKI, acute

kidney injury
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Table 1 Baseline characteristics of septic patients classified by
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Table 2 Characteristics between matched septic patients with

AK] and without AKI
Variables All patients Non-AKlI  AKI p- Variables Non-AKI  AKI p- Standardized
n=2175 n=833 n=1342 value n=784 n=784 value difference(%)
Male gender 1388 (63.8%) 538 850 (63.3%) 0.556 Male gender 504 504 1.000 10.5
(64.6%) (64.3%) (64.3%)
Age (years) 64 (50-76) 64 (49-76) 64 (50-77)  0.795 Age (years) 64 (49-76) 64 (49-77) 0578 6.5
BMI (kg/mz) 233 229 234 <0.001 BMI (kg/mz) 231 230 0.950 135
(209-253)  (20.8-24.8) (21.3-254) (20.8-24.9) (20.8-25.1)
Chronic comorbidities Chronic comorbidities
COPD/asthma 167 (7.7%) 64 (7.7%) 103 (7.7%) 0.995 COPD/asthma 62 (7.9%) 62 (7.9%) 1.000 83
Cardiovascular 320 (14.7%) 108 212 (15.8%) 0.070 Cardiovascular 107 107 1.000 8.1
disease (13.0%) disease (13.7%) (13.7%)
Hypertension 687 (31.6%) 238 449 (33.5%) 0.017 Hypertension 230 226 0.824 16
(28.6%) (29.3%) (28.8%)
Diabetes 397 (183%) 147 250 (18.6%) 0.564 Diabetes 138 138 1.000 1.0
(17.6%) (17.6%) (17.6%)
Cancer 224 (103%) 86(10.3%) 138(10.3%) 0.976 Cancer 77 (98%) 76(9.7%) 0932 0.3
Chronic liver 40 (1.8%) 11 (1.3%) 29 (2.2%) 0.156 Chronic liver 11 (1.4%) 14 (1.8%)  0.545 19.2
disease disease
Admission type APACHE Il score 18(13-23) 18(13-23) 0.654 16.6
Medical 1213 (55.8%) 441 772 (57.5%) 0.051 Non-renal SOFA 6 (4-9) 6 (4-9) 0473 18.7
(52.9%) score
Surgical 470 (21.6%) 201 269 (20.0%) Baseline creatinine 76 (64-87) 76 (65-88) 0539 94
(24.1%) Mechanical 592 611 0256 175
Emergency 492 (22.6%) 191 301 (22.4%) ventilation (75.5%) (77.9%)
(22.9%) Use of nephrotoxic 61 (7.8%)  70(89%) 0411 46
APACHE Il score 19 (14-25) 18 (13-23) 20 (14-26) <0.001 drugs
Non-renal SOFA 7 (4-10) 6 (4-9) 8(5-11) <0.001 Septic shock 311 333 0.259 55
score (39.7%) (42.5%)
Mechanical 1707 (78.5%) 626 1081 (80.6%) 0.003 MAP (mmHg) 78 (65-93) 77 (64-92) 0.565 138
ventilation (75.2%) Abbreviations: AKI, acute kidney injury; BMI, body mass index; COPD, chronic
Baseline creatinine 77 (66-88) 75 (62-86) 79 (69-89) <0.001 obstructive pulmonary disease; APACHE II, acute physiologic and chronic
Use of nephrotoxic 166 (7.6%) 64 (7.7%) 102 (7.6%)  0.944 foe'ff;;;g':;?;’ n i SOFA, sequential organ failure assessment; MAP, mean
drugs
Septic shock 1067 (49.1%) 312 755 (56.3%) <0.001
(37.5%) ICU and hospital LOS were 8 (4—17) days and 18 (10—
MAP (mmHg) 75(60-90)  79(66-94) 72(60-87)  <0.001 28) days, respectively. The 30-day mortality of AKI was
Outcomes 31.1%.
ICULOS (days)  8(4-17) 73-10) 9(-17) <0.001 Among 1342 AKI patients, 474 (35.3%) were stage
(daH(;)Sp‘tal LOS 18(10-28)  18(10-28) 18(10-28) 0679 1, 401 (29.9%) were stage 2, and 467 (34.8%) were stage
IéU mortality 337(155%) 78(94%)  259(193%) <0.001 3. The 30-day mortality was 23.0%, 27.7%, and 42.2%,
) ’ ' ’ ) respectively (p<0.05). The baseline characteristics of dif-
30-day mortality 590 (27.1%) 173 417 (31.1%) <0.001 .
(20.8%) ferent stages of AKI were shown in supplemental mate-
Hospital mortality 788 (36.2%) 244 544 (40.5%) <0.001 rial Table S1.
(29.3%)

Abbreviations: AKI, acute kidney injury; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; APACHE I, acute physiologic and chronic
health evaluation Il; SOFA, sequential organ failure assessment; MAP, mean
arterial pressure; LOS, length of stay; ICU, intensive care unit

of hypertension in the AKI group was higher (p<0.05).
1213 (55.8%) were medical. The AKI group had higher
APACHE 1II and non-renal SOFA scores (p<0.05) and
was more likely to receive mechanical ventilation and
suffer from septic shock (p<0.05). The septic patients in
the AKI group had higher baseline creatinine and lower
MAP (p<0.05). In the entire cohort, the median (IQR)

Attributable mortality of AKl in septic patients

Of the 2175 septic patients, 784 patients with AKI were
matched 1:1 with 784 non-AKI patients, according to
PSM. Characteristics and standardized differences of
the matched patients in the two groups were shown in
Table 2. After PSM, no variable exhibited a significant
imbalance. The histograms of propensity score before
and after matching in cohorts with and without AKI
were shown in Fig. 2. The density plot of propensity score
before and after matching in cohorts with and without
AKI was presented in Supplemental material Fig. S1. The
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Histogram of propensity score before and after matching in cohorts with and without AKI
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Fig. 2 Histograms of propensity score before and after matching in cohorts with and without AKI (A) PS before matching (B) PS after matching. Abbrevia-

tions: PS, propensity score

Q-Q plots of the balance of the covariates were shown in
Supplemental material Fig. S2. The Jitter plot of the dis-
tribution of propensity scores was shown in Supplemen-
tal material Fig. S3. The standardized difference before
and after matching in cohorts with and without AKI was
shown in Supplemental material Fig. S4.

The 30-day mortality of the matched septic patients
with total AKI was 216 of 784 (27.6%) compared with
164 of 784 (21.0%) for septic patients without AKI
(p<0.001). The 30-day attributable mortality of total
AKI was 6.6% (95% CI 2.3~10.9%, p=0.002). Matched
septic patients with AKI were subgrouped according to
the AKI stage. A total of 317 patients with stage 1 AKI,
235 patients with stage 2 AKI, and 232 patients with
stage 3 AKI were matched 1:1 with their controls without
AKI, respectively. Subgroup analysis showed the 30-day
attributable mortality of stage 1, stage 2, and stage 3 AKI
was 0.6% (95% CI —5.9~7.2%, p=0.846), 4.7% (95% CI

-3.1~12.4%, p=0.221) and 16.8% (95% CI 8.1 ~25.2%,
»<0.001), respectively, as shown in Fig. 3.

Sensitivity analysis

A sensitivity analysis was conducted to assess the impact
of unmeasured covariates on the stability of results. The
gamma parameter was used to measure the stability of
results, which reflected the probability of differential
assignment to treatment due to unobserved factors [22,
23]. The effect estimate was considered robust to hidden
bias if the statistical significance did not change until a
large gamma. The results of this study showed that the
estimation of 30-day attributable mortality of AKI was
reliable for the hidden bias of unmeasured covariates,
with a gamma coefficient of up to 3. The sensitivity analy-
sis of 30-day attributable mortality results was shown in
supplemental material Table S3.
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30-da¥ 216 (27.6) 164 (21.0) 68 (21.4) 66 (20.8) 57 (24.3) 46 (19.6) 91(39.2) 52(22.4)
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Atributable 6.6 (2.3~10.9) 0.6 (-5.9~7.2) 4.7 (-3.1~12.4) 16.8 (8.1~25.2)

mortality (%)

P value 0.002 0.846 0.221 <0.001

Fig. 3 The attributable mortality of total AKI and different stages of AKl in subgroups Abbreviations: AKI, acute kidney injury

Survival analysis

In Fig. 4A, the Kaplan-Meier curve revealed significantly
higher 30-day mortality in the AKI group compared to
the non-AKI group (p<0.001). Survival probabilities at
the 30-day were 66.0% (95% CI 61.5~70.8%) for non-
AKI patients and 60.0% (95% CI 55.6 ~64.8%) for AKI
patients. Subgroup analysis demonstrated statistical
significance between stage 1 and stage 3 AKI, as well as
stage 2 and stage 3 AKI (p<0.001), as shown in Fig. 4B.
Survival probabilities at the 30-day were 68.4% (95% CI
61.9~75.5%) for stage 1 AKI patients, 61.0% (95% CI
52.7~70.7%) for stage 2 AKI patients, and 47.6% (95% CI
40.0 ~56.5%) for stage 3 AKI patients.

In our multivariate Cox regression adjusted model
(Fig. 5), stage 3 AKI was associated with higher
30-day mortality, with an adjusted HR of 1.80 (95% CI
1.31~2.47, p<0.001). However, stage 1 and stage 2 AKI

did not increase 30-day mortality, with adjusted HR
of 0.90 (95% CI 0.68~1.20, p=0.482) and 1.24 (95% CI
0.91~1.69, p=0.168), respectively. Supplemental mate-
rial Table S4 showed the multivariable Cox proportional
hazard regression analysis for 30-day mortality stratified
by AKI stage.

Discussion

Sepsis is the leading cause of AKI [24]. Sepsis-related AKI
is a common complication among critically ill patients
and is associated with high morbidity and mortality [25].
One study that enrolled critically ill patients from 24
European countries reported an incidence rate of AKI
in septic patients of 51%, and the mortality in ICU was
41% [8]. In contrast, another study that enrolled hospital-
ized patients across China reported a rate of 47.1% [9].
Recent evidence suggests that microvascular dysfunction,



Wang et al. BMC Nephrology (2024) 25:125

Page 7 of 10

Survival probability

p <0.001

Survival probability

p <0.001

[ 10

Time (days)
Number at risk

] 1o
Time (days)

Number at risk

784 620 373 167

784 611 374 170

Stage 1 AKI [ 317
Stage2 AKI | 235

784 620
265
183

163

373
162
112
100

167
75
51
44

232

< Non-AKI == AKI

= Non-AKI = Stage 1 AKI == Stage 2AKI = Stage 3 AKI

Fig. 4 Kaplan-Meier survival analysis (A) Kaplan-Meier survival analysis comparing non-AKl and AKI groups (B) Kaplan-Meier survival analysis comparing
non-AKl, stage 1 AK, stage 2 AKl, and stage 3 AKI groups. p <0.001 for all comparisons. The numbers of patients at risk at each time point were shown

below the graph. Abbreviations: AKI, acute kidney injury

inflammation, and metabolic reprogramming may be the
mechanisms leading to AKI in sepsis [7]. Since mortality
rates are significantly influenced by patient demograph-
ics and the varying levels of care provided to critically ill
patients with sepsis, the precise excess mortality attrib-
uted to AKI may differ considerably across different
healthcare facilities. Calculating the attributable mor-
tality of AKI would provide insight into the number
of preventable deaths if AKI could be avoided [10]. We
reported the proportion of deaths attributable to AKI in
septic patients. This finding would help to calculate the
sample size for future clinical trials of AKI in ICU sep-
tic patients. Our research found that the overall 30-day
attributable mortality of AKI in septic patients was 6.6%.
Subgroup analysis showed that the excess 30-day mortal-
ity of stage 3 AKI was 16.8%; stage 1 and stage 2 AKI did
not increase the excess 30-day mortality, highlighting the
importance of early recognition and treatment of AKI
in septic patients. More aggressive treatment could help
prevent the progression of AKI and improve the chances
of survival, such as renal replacement therapy or immu-
nomodulatory agents.

In 2014, Vaara ST conducted a study on 954 patients
in a general ICU, which found that AKI lead to a 90-day
absolute excess mortality rate of 8.6%. The study’s sub-
group analysis revealed that patients in stage 1 AKI had
a 90-day attributable mortality rate of 1.4%, while it was
12.0% for stage 2 AKI patients and a staggering 16.7%
for stage 3 AKI patients [10]. A study performed by Jiang
Yijia demonstrated that the attributable mortality for
new-onset AKI in ICU patients was 8.1%. Interestingly,
stage 1 AKI did not increase mortality, but stage 2 and
stage 3 AKI had attributable mortality rates of 17.1% and
18.2%, respectively [11]. Our study discovered that stage
2 AKI did not increase the 30-day mortality rate of sep-
tic patients. This differed from the two similar studies,

which included all general ICU patients. However, our
study only focused on septic patients, which may account
for the disparity in results. According to Wang Zhiyi’s
research [26], the Medical Information Mart for Intensive
Care (MIMIC) IV cohort, consisting of 15,610 patients,
had an excess attributable mortality rate of 58.6% for AKI
in critically ill patients with sepsis. In contrast, in the
Wenzhou cohort, consisting of 1,341 patients, the excess
attributable mortality was 44.6%. Wang Zhiyi’s results
were higher than ours, probably because of the differ-
ent approach used than the present study. They applied
a directed acyclic graph (DAG) approach, which elimi-
nated potential confounders and mediating variables, to
calculate the attributable mortality rate for AKI. These
studies all indicated that septic patients with stage 3
AKI had a poor prognosis. However, in a study meticu-
lously conducted by Fujii in Japan, encompassing 424
septic patients and utilizing the sepsis 3.0 definition and
KDIGO criteria, the anticipated impact of AKI on hos-
pital mortality among the septic cohort remained elusive
[27]. In contrast, our investigation revealed that stage 3
AKI notably elevated the 30-day mortality rate among
septic patients. This divergence from the Japanese study
could potentially be attributed to the relatively smaller
sample size of septic patients, possibly obscuring any
significant differences that may have otherwise been
observed. The studies on the attributable mortality of
AKI vary significantly among different studies, possibly
due to the differences in race, healthcare resources avail-
ability, or clinical practice.

Our research demonstrated that the survival rate of
stage 3 AKI was significantly lower, at only 47.6%. Chey-
ron’s study found that only severe AKI showed a sig-
nificant association with excess attributable mortality in
ICU patients diagnosed with liver cirrhosis [28]. Jiang
YiJia reported in another study that new-onset AKI was
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Variables HR (95% CI) p value

AKI stage '(\;\‘,’2}@%' reference .

Stage 1 AKI 0.90 ;

N=577) (0.68-1.20) B 0.482

Stage 2 AKI 1.24 i

(NE35) (0.97=1.69) = 0.168

Stage 3 AKI 1.80

) (1.31-2.47) i <0.001
Gender (Fﬁ;“;gg) reference

Male 1.07

(N=1008) (0.86-1.33) 0.553
Age (N=1568) 1.05%%1 04 <0.001 ***
BMI (N=1568) 095% 02) 0.337
COPD/ asthma ?II\(I)=1444) reference

Yes 1.02

(N=124) (0.74~"1.40) 0.921
Cardiovascular disease ?}&1354) reference

Yes 0.94

(N=214) (0.7121.285) 0.678
Hypertension '(\;\‘,’=1112) reference

Yes 1.04 :

(N=456) (0.83 - 1.30) — 0.735
Diabetes ’(\II\<I)=1292) reference | |

Yes 1.13

(N=276) (0.88~1.45) L 0.352
Chronic liver disease ?}\?=1543) reference | |

Yes 1.50

(N=25) (0.73=3.09) L 0.273
Cancer ?f\?ﬂ 415) reference ||

Yes 1.35

(N=153) (0.99-1.85) L 0.058
APACHE Il score (N=1568) 1.05% 08) [ | <0.001 =
Non-renal SOFA score (N=1568) 0972 05) - 0.634
Mechanical ventilation ?,l\?=365) reference .

Yes 0.95 L

(N=1203) (0.72=1.27) - 0.741
RRT ?}&1 303) reference .

Yes 1.23 i

(N=175) (0.89=1.71) : i 0.211
Baseline creatinine (N=1568) 095%01) u 0.804
Use of nephrotoxic drugs '(\f\‘,)=1 437) reference ||

Yes 152 : N

(N=131) (1.14-2.03) : i 0.005
Septic shock ?}\?:924) reference [ ]

Yes 1.08 :

(N=644) (0.83 - 1.40) T i 0.589

- 1.00
mAP (N=1568) (0.99-1.07) n 0.980
1.0 1.5 2.0 2.5 3.0 3.5

Fig.5 Forest plot of multivariable Cox proportional hazard regression analysis for 30-day mortality stratified by AKI stage. Abbreviations: AKI, acute kidney
injury; BMI, body mass index; COPD, chronic obstructive pulmonary disease; APACHE II, acute physiologic and chronic health evaluation II; SOFA, sequen-
tial organ failure assessment; RRT, renal replacement therapy; MAP, mean arterial pressure

a significant risk factor for 28-day mortality and persis-
tent AKI was strongly linked to unfavorable outcomes
[29]. Furthermore, our Cox regression analysis found that
stage 3 AKI was an independent risk factor for 30-day
mortality, with a mortality rate 0.80 times higher than
that of non-AKI patients in the ICU. These findings sug-
gested that early intervention and targeted treatment
strategies may be critical in septic patients with stage 1-2
AKI, preventing kidney function deterioration from pro-
gressing to stage 3 AKL

There were several highlights in this study. The data
came from a large, multicenter, prospective clinical study
in China, strengthening the results’ validity and gener-
ality. Secondly, we applied the definition of sepsis 3.0
and the KDIGO criteria for AKI. Thirdly, from a clinical

perspective, our findings emphasize the critical need for
healthcare professionals to remain vigilant when sep-
tic patients develop AKI. Preventing the progression
to stage 3 AKI is imperative to ensure the best possible
patient outcomes. However, there were also a few draw-
backs in this study. It was imperative to acknowledge
that the study under review was a retrospective second-
ary analysis, which may introduce unmeasured bias. The
study engaged only those septic patients admitted to the
ICU within seven days. However, additional research is
required to comprehensively address cases where sepsis
develops beyond this period. Consequently, additional
observational studies are needed to gain a deeper and
more comprehensive understanding of the findings.
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Conclusion

The overall 30-day attributable mortality of AKI among
critically ill patients with sepsis was 6.6%. Stage 3 AKI
had the most significant contribution to 30-day mortal-
ity, while stage 1 and stage 2 AKI did not increase excess
mortality. Stage 3 AKI was an independent risk factor for
30-day mortality.

Abbreviations

AKI Acute kidney injury

ICU Intensive care unit
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RRT Renal replacement therapy

MAP Mean arterial pressure

LOS Length of stay
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