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Objective: The incidence of cardiogenic shock cases treated with veno-arterial extracorporeal membrane oxygenation (VA-ECMO) 
support has been on the rise. Acute kidney injury (AKI) is a significant complication of cardiogenic shock and a frequent serious 
complication in patients requiring ECMO-supported therapy. AKI is strongly associated with unfavorable patient prognosis. However, 
there is a paucity of data on the influence of AKI on the prognosis of patients with acute myocardial infarction complicated by 
cardiogenic shock (AMI-CS) who are receiving ECMO support, particularly with regard to long-term outcomes.
Methods: This retrospective observational study included 103 patients in the People’s Hospital of Guangxi Zhuang Autonomous 
Region from January 2017 and June 2022. AKI was defined according to Kidney Disease Improving Global Outcome (KDIGO) 
criteria. Cox regression and logistic regression were used to identify risk factors.
Results: In this study, the incidence of AKI was 63.11%, with AKI stage 1, 2, and 3 accounting for 21.36%, 12.62%, and 29.13%, 
respectively. Patients with severe AKI had significantly higher in-hospital mortality (43.33% vs 27.40%, P < 0.001), 30-day mortality 
(60.00% vs 31.51%, P = 0.001), and 1-year mortality (63.67% vs 34.25%, P<0.001) than those without severe AKI. Furthermore, 
severe AKI significantly increased the risk of one-year mortality (HR 10.816, CI 3.118–37.512, P<0.001). Baseline serum creatinine, 
baseline platelet, and active cardiopulmonary resuscitation were independent predictors of one-year mortality. In addition, baseline 
white blood cell count, baseline aspartate aminotransferase, baseline alanine aminotransferase (ALT), baseline serum creatinine, 
preoperative lactate, and postoperative mean arterial pressure were independent risk factors of severe AKI during hospitalization.
Conclusion: In patients with AMI-CS receiving ECMO support, AKI is highly prevalent. Development of severe AKI significantly 
increased the risk of one-year mortality.
Keywords: acute kidney injury, extracorporeal membrane oxygenation, prognosis, risk factors

Introduction
The mortality rate in acute myocardial infarction complicated by cardiogenic shock (AMI-CS) is more than 50%.1,2 With 
the clinical application and development of extracorporeal circulatory support therapy such as ECMO, the short-term 
adverse prognosis of cardiogenic shock has decreased significantly compared with the previous period. However, 
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complications during ECMO support therapy have become an important influencing factor on the short-term and long- 
term prognosis of surviving patients.3–5 Acute kidney injury (AKI) is both a major complication of cardiogenic shock and 
one of the most common serious complications in patients requiring ECMO support therapy. The incidence of AKI in 
patients during ECMO support is as high as 55–70%.6,7 The incidence of AKI in AMI-CS during ECMO therapy in 
patients is influenced by multiple factors, including the effects of pro-inflammatory mediator release, nephrotoxic drug 
use, oxidative stress or high-risk surgery on the kidney, in addition to renal sensitivity to ischemia.8

Previous research studies in patients with AMI have shown that acute kidney injury increases the risk of developing 
chronic kidney disease (CKD) and end-stage renal disease (ESRD) in survivors and severely affects the long-term prognosis 
of patients.9,10 Coca et al searched the MEDLINE and EMBASE databases between January 1985 and February 2011 to 
summarize the relationship between CKD, ESRD, death, and AKI. They found that patients with AKI had an 8.8-fold 
higher risk of CKD, a 3.1-fold higher risk of ESRD, and twice the risk of premature death compared to patients without 
AKI.11 The risk of death increased with increasing severity of AKI.12 However, this does not fully account for several 
important issues regarding the prognosis of patients with AKI occurring in patients treated with ECMO support.

Therefore, more studies are urgently needed to clarify the impact of AKI on the prognosis, especially long-term 
prognosis, of AMI-CS patients treated with ECMO support.

Materials and Methods
Study Design and Setting
This paragraph describes a retrospective review of prospectively collected data from an institutional database of all VA- 
ECMO patients at the People’s Hospital of Guangxi Zhuang Autonomous Region between January 2017 and June 2022. 
The study was approved by the Institutional Review Board of the People’s Hospital of Guangxi Zhuang Autonomous 

Figure 1 Study flow chart.
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Region (No. LL-KY-SY-2020-08) and performed according to the declaration of Helsinki. Data were extracted from the 
electronic Clinical Management System (CMS) of the People’s Hospital of Guangxi Zhuang Autonomous Region 
between 2017 and 2022. Patients were categorized into two groups depending on whether they occur AKI during 
ECMO. AKI was defined according to the KDIGO criteria and staging (see Table 1).13 Severe AKI was defined as AKI 
stage 3 whose definition is an increase in serum creatinine (SCr) to 4.0 mg/dl or by 3 times or initiation of renal 
replacement therapy (RRT) within the first 48 h following the ECMO onset.14 Patients were excluded if they had 
a known history of end-stage renal disease, had received a recent kidney transplant, had <3 serum creatinine (Scr) 
determinations during admission, had Scr levels returned to baseline values within 48 h, or were admitted for 
nephrectomy or dialysis initiation. The study also performed adjudication to define baseline Scr level with the priority 
of 1) the lowest Scr level prior to ECMO support; if not available, 2) the lowest Scr level during hospitalization, or 3) 
published reference value of age-specific normal Scr when patients lacked Scr data during admission. Considering the 
difficulties involved in establishing a baseline Scr level in some ECMO support patients, we performed adjudication to 
define baseline Scr level with the priority of 1) the lowest Scr level prior to ECMO support; if not available, 2) the lowest 
Scr level during hospitalization, or 3) published reference value of age-specific normal Scr when patients lacked Scr data 
during admission. The flow chart of the current study was shown in Figure 1.

Outcomes
The primary outcome was all-cause mortality in 1 year for patients with AKI. The secondary endpoint was newly 
diagnosed ESRD requiring RRT within 365 days after initiation of ECMO support. All participants were followed up by 
office visits or telephone interviews at 1 month, 6 months and 1 year after enrollment. Follow-up data were monitored 
and recorded by trained nurses through outpatient interviews and telephone.

Statistical Analysis
Baseline characteristics are presented as means ± standard deviations, medians (interquartile range [IQR]), or frequencies 
and proportions depending on variable type and distribution. Normality of continuous data was assessed using the 
Shapiro–Wilk test. Differences in continuous characteristics across the two groups were assessed with a t-test or 
nonparametric Wilcoxon Rank Sum test. Differences in categorical variables across the two groups were assessed with 
a chi-square test. The authors then fit univariate and multivariate Cox regression models after confirming the proportional 
hazards assumption was met. Hazard ratios and their associated 95% confidence intervals were reported. Kaplan-Meier 
curves were reported for time to death, stratified by the two groups of interest. For all analyses, two-sided p values < 0.05 
were considered statistically significant. SPSS statistical software (version 20, IBM, USA) was used for all analyses.

Results
Baseline Clinical Characteristics
Between January 2017 and June 2022, A total of 103 patients were eligible for inclusion in the study and received VA- 
ECMO for CS therapy during hospital course. Of these, 65 patients (63.11%) experienced some stage of acute kidney 

Table 1 Defining Acute Kidney Injury

Category* Stage n (%) Serum Creatinine

Non -Severe Non-AKI 38 (36.89) <1.5 times baseline Scr

1 22 (21.36) ≥1.5 - < 2.0 times baseline Scr

2 13 (12. 62) ≥2.0 - < 3.0 times baseline Scr

Severe 3 30 (29.13) ≥3.0 times baseline Scr or initiation of CVVH

Notes: *Only the first seven postoperative days were used in the staging of AKI. 
Abbreviations: Scr, serum creatinine; CVVH, continuous veno-venous hemofiltration.
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injury. Of these, 22 (21.36%) patients experienced stage 1 AKI, 13 (12.62%) experienced stage 2 AKI, and 30 (29.13%) 
were classified as Stage 3, 38 (36.89%) patients experienced no AKI (see Table 1).

Comparing the severe AKI group and the non-severe group, the non-severe group comprised 73 (70.87%) patients, of 
which 50 were men and 23 women with an average age of 52.16 ± 14.84 years. The average age of the 30 (29.13%) 
patients with AKI group was 50.53 ± 14.03 years, of which 24 were men and 6 women. However, the prevalence of 
hypertension, history of previous Coronary heart disease, Hyperlipidemia, Cerebrovascular accident, COPD and Type 2 
diabetes mellitus were not significantly different between the groups (Table 2).

Overall, Patients with severe AKI were received more active CPR, and the severe AKI group patients had higher 
Bun, Lac and relatively lower MAP levels before received VA-ECMO. As well as higher Lac and relatively lower OI 
count levels were more prevalent in patients with severe AKI group than those in non-severe group for VA-ECMO 
therapy after 24h.

Table 2 Basic Characteristics of the Study Population

Characteristic* All Patients 
(N=103)

Non-Severe AKI 
(n=73)

Severe AKI 
(n=30)

P value

Demographic characteristics
Age, years 51.69 (14.56) 52.16 (14.84) 50.53 (14.03) 0.608
Male, n (%) 74 (71.84) 50 (68.49) 24 (80.00) 0.238

BMI, (kg/m2) 23.23 (3.06) 22.98 (3.19) 23.82 (2.66) 0.206

Comorbidities
COPD, n (%) 10 (9.71) 5 (5.48) 5 (16.66) 0.245

Hyperlipidemia, n (%) 44 (42.72) 28 (38.36) 16 (53.33) 0.163

Hypertension, n (%) 50 (48.54) 36 (49.32) 14 (46.67) 0.807
Type 2 diabetes mellitus, n (%) 27 (26.21) 16 (21.92) 11 (36.67) 0.143

Coronary heart disease, n (%) 11 (10.68) 8 (10.96) 3 (10.00) 1.000

Cerebrovascular accident, n (%) 8 (7.77) 6 (8.22) 2 (6.67) 1.000
Laboratory examinations
WBC count, 109/L 15.05 (8.60) 15.37 (8.55) 14.27 (8.82) 0.556

Hemoglobin, g/L 89.40 (21.50) 86.87 (20.17) 95.57 (23.68) 0.062
PLT, 109/L 125.39 (16.88) 124.33 (17.52) 127.97 (15.16) 0.323

CRP, mg/L 42.99 (13.62) 42.26 (13.98) 44.75 (12.78) 0.401

Albumin, g/L 30.90 (1.68) 30.72 (1.74) 31.35 (1.46) 0.084
AST, U/L 18.05 (8.15) 17.82 (8.38) 18.60 (7.66) 0.661

ALT, U/L 14.39 (7.89) 14.85 (7.63) 13.24 (8.52) 0.349

Scr, μmol/L 13.51 (7.13) 12.00 (5.51) 17.21 (9.14) 0.006
Preoperative Hemodynamics
Lac, mmol/L 7.65 (5.73) 6.06 (4.83) 11.51 (5.99) <0.001

MAP, mmHg 31.44 (11.77) 29.84 (11.28) 35.31 (12.21) 0.031
OI count 93.29 (42.19) 97.47 (44.15) 83.11 (35.65) 0.117

Preoperative Hemodynamics 
(24h)
Lac, mmol/L 3.20 [2.40, 10.10] 3.00 [2.20, 5.55] 9.30 [4.98, 16.00] <0.001

MAP, mmHg 84.49 (16.35) 85.87 (14.53) 81.14 (19.97) 0.184

OI count 380.41 (85.09) 370.77 (87.99) 403.87 (73.77) 0.073
Other Preoperative 
Characteristics
IABP 33 (32.03) 21 (28.77) 12 (40.00) 0.267

Active CPR 29 (28.15) 16 (21.92) 13 (43.33) 0.028

Notes: *Data are presented as the mean value (standard deviation), median [interquartile range] or number of participants (percentage). 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; PLT, blood platelet; CRP, C reactive protein; 
AST, acetic transaminase; ALT, alanine transaminase; Scr, serum creatinine; Lac, lactate; MAP, mean arterial pressure; OI, oxygenation index; IABP, intra-aortic 
balloon pump; CPR, cardiopulmonary resuscitation.
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In-Hospital Clinical Outcomes, 30-Day Clinical Outcome and 1-Year Clinical Outcome
Patients with severe-AKI had a significantly higher rate of in-hospital mortality (43.33% vs 27.40%, P<0.001) and 30- 
days mortality (60.00% vs 31.51%, P = 0.001). But the ECMO support time, ICU hospitalization time and Total length of 
hospital stays were not significantly different between the groups. The 1-year all-cause mortality rate of the overall cohort 
was 42.72% (44/103), 63.67% (19/30) in the severe AKI group, and 34.25% (25/73) in the non-severe AKI group 
(P<0.001, Table 3). The 1-year Kaplan-Meier survival estimates were 49.2% (CI: 41–57%) in the non-severe AKI group, 
and 27.3% (CI: 19–37%) survival in the severe AKI group (log-rank p<0.001, Figure 2).

Cox Regression Analysis and Logistic Regression Analysis
In the multivariable Cox regression analysis of 103 patients who were followed up for 1- year, severe AKI was proved to 
be an independent predictor of 1-year outcome. As shown in Table 4, the risk of 1-year all-cause mortality in severe AKI 
patients increased by 10.816-fold compared with that in non-severe AKI patients (HR 10.816, CI 3.118~37.512, 
P<0.001). Additional covariates, identified as independent predictors of 1-year all-cause mortality in multivariable Cox 
regression analyses, were baseline Scr (HR 0.996, CI 0.992~1.000, P=0.031), baseline PLT (HR 1.025, CI 1.001~1.050, 
P=0.042), and active CPR (HR 2.926, CI 1.344~6.372, P=0.007).

Multivariable logistic regression model identified baseline WBC count (OR 0.791, CI 0.641~0.977, P=0.029), 
baseline AST (OR 1.967, CI 1.118~3.461, P=0.019), baseline ALT (OR 0.614, CI 0.383~0.984, P=0.043), baseline 
Scr (OR 1.034, CI 1.008~1.061, P=0.010), preoperative Lac (OR 1.717, CI 1.034~2.852, P=0.037), and post-
operative MAP (OR 0.882, CI 0.785~0.991, P=0.034) as independent predictors of severe AKI during hospital 
course (Table 5).

Subgroup Analyses
In order to investigate the impact of less severe AKI on survival, firstly, the overall cohort was sub-divided into non- AKI 
and AKI groups, the Kaplan-Meier survival analysis confirmed that the adjusted 1-year all-cause mortality rate of 
patients with AKI was comparable with that of patients without AKI (log-rank p=0.096, Figure 3). Secondly, the non- 
severe AKI group was sub-divided into Stage 0, 1, 2, and 3 AKI groups. The results of the Kaplan-Meier survival 
analysis showed that the adjusted 1-year all-cause mortality rate of patients with AKI Stage 0, 1, 2 were similarity, there 
was no significant difference. However, there tended to be a difference in the Patients with severe AKI had the highest 
mortality (log-rank p<0.001, Figure 4).

Discussion
The purpose of this study was to define AKI using the KDIGO guidelines and to investigate the long-term prognostic 
impact on AMI-CS patients requiring ECMO therapy. The study found that in AMI-CS patients requiring VA-ECMO 
supportive therapy, the incidence of AKI was 63.11%, with 21.36% being AKI grade 1, 12.62% being AKI grade 2, and 
29.13% being AKI grade 3. The severe AKI group (AKI grade 3) had higher in-hospital mortality, 30-day mortality and 

Table 3 Outcomes of the Study

Characteristic All Patients  
(N=103)

Non-Severe AKI  
(n=73)

Severe AKI  
(n=30)

P value

Procedure
ECMO support time, day 6.97 (5.08) 6.68 (4.22) 7.93 (6.88) 0.264

In-hospital Mortality n (%) 33 (32.04) 20 (27.40) 13 (43.33) <0.001
ICU hospitalization time, day 19.45 (13.31) 18.47 (11.34) 19.85 (14.10) 0.634

Total length of hospital stays, day 28.72 (20.63) 29.83 (18.49) 28.26 (21.56) 0.727

30-Day Mortality 41 (39.81) 23 (31.51) 18 (60.00) <0.001
1-Year Mortality 44 (42.72) 25 (34.25) 19 (63.67) <0.001

Notes: P values represent a comparison of the severe with the non-severe group. 
Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S427999                                                                                                                                                                                                                       

DovePress                                                                                                                       
4541

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


1-year mortality than the non-severe AKI group (AKI grade 0, 1, 2). Severe AKI significantly increased the risk of 1-year 
mortality in AMI-CS patients treated with ECMO support.

AKI is a common complication in patients with AMI, with an incidence of approximately 9–19.4% reported in 
previous literature.15–17 The incidence of AKI in AIM-CS patients reaches 25–35%. However, there is no report on the 
incidence of AKI in AMI-CS patients treated with ECMO support. The incidence of AKI in ECMO-supported patients 
was as high as 50–85% depending on the AKI grading criteria.6,8,18 In this study, the incidence of AKI in AMI-CS 
patients treated with ECMO support was high. AKI is a serious complication during ECMO-supported therapy, and its 
pathophysiological mechanisms are not fully understood.7,19

Korbinian Lackermair et al reported a 12-month all-cause mortality rate of 19% in patients with AMI-CS 
treated with extracorporeal life support.20 In contrast, the 12-month all-cause mortality rate in this study was 
42.72%. Possible reasons for this are that this study had more cases and most of these cases were acute AMI-CS 
cases acquired in the emergency resuscitation unit or cases that developed CS during PCI, were treated with 
ECMO support before hemodynamic reconstruction, and 12% of patients experienced CPR. All cases in the other 
study were given extracorporeal life support according to the patient’s condition after PCI hemodynamic 
reconstruction support.

Studies in the AMI population have shown that AKI is an independent influence on the prognosis of AMI 
patients.21 Even “transient AKI” (AKI that resolves within 72 hours of onset) can significantly increase the risk of 
death in hospitalized patients.22 In this study, the 1-year risk of death was significantly increased in patients with 
severe AKI and not in patients without severe AKI (AKI grades 0, 1, and 2) in AMI-CS patients requiring ECMO- 
supported therapy. It is suggested that in AMI-CS patients treated with ECMO support, only severe AKI signifi-
cantly affects prognosis. This finding is contrary to several previous studies that concluded21 that mild AKI can also 
affect the short- and long-term prognosis of AMI patients. It is speculated that this may be related to the following 
factors: 1. Previous studies have suggested that the relationship between AKI and mortality is through indirect 
pathophysiological pathways leading to death, in which the conversion of AKI to CKD or even ESRD is an 
important influencing factor, and that adverse events such as hyperkalemia, acidosis and volume overload that occur 
in chronic renal insufficiency affect the long-term prognosis of patients;23 2. ECMO can rapidly restore renal 
ischemia and hypoxia in AMI-CS patients and promote early recovery of renal function;24–29 3. In some previous 

Figure 2 Cumulative survival rate for severe AKI group vs non-severe AKI group.
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studies, patients with a previous CKD base were included, whereas this group of patients has been excluded from 
this study, making the prognostic outcome not comparable.

In this study, Scr, PLT, and CPR were found to be independent predictors affecting the 1-year prognosis of acute 
myocardial infarction complicated by AMI-CS patients requiring ECMO therapy. Several previous studies have demon-
strated that baseline renal function is an independent influential factor affecting the occurrence of AKI or prognosis in 
patients with critical illness, PCI, cardiac disease, and AMI-CS,30–33 and the findings of this study are similar. In the 
present study, patients had mostly normal baseline renal function, and it has been suggested that a slight elevation of Scr 
(subclinical changes) in CS patients also affects patient prognosis, which may be related to the fact that most renal 
impairment in CS patients results in structural changes in the renal unit and deserves further investigation.34

CPR is an independent influence on the prognosis of AMI-CS patients. Among AMI-CS patients, those who 
underwent CPR before PCI had four times higher in-hospital mortality than those who did not experience CPR.35 It 
has also been noted that a CPR time of >12.5 minutes was an independent predictor of 30-day mortality in AMI-CS 
patients treated with ECMO support (adjusted hazard ratio, 4.71; 95% confidence interval, 1.30–17.406; p=0.018).

Previous studies have shown that decreased PLT count is an important influencing factor for poor prognosis in 
critically ill patients, patients with cardiovascular disease, and is even strongly associated with the risk of long-term 
cardiovascular disease.36,37 Existing studies have concluded that during ECMO support therapy, ECMO mechanical 
support devices, hemodynamic instability, renal failure, infection, and disseminated intravascular coagulation (DIC) can 
cause a decrease in PLT counts for a variety of reasons. A decrease in PLT counts increases the incidence of bleeding/ 

Table 4 Predictors of 1-Year Mortality (Cox Regression)

Characteristic Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Demographic characteristics
Age, years 0.982 (0.962~1.001) 0.069 0.986 (0.958~1.015) 0.334
Male 0.562 (0.270~1.170) 0.123 0.286 (0.097~0.841) 0.023

BMI, (kg/m2) 1.030 (0.937~1.133) 0.537 0.943 (0.795~1.118) 0.500

Laboratory examinations
WBC count, 109/L 1.027 (0.996~1.059) 0.093 1.042 (0.996~1.090) 0.072

Hemoglobin, g/L 1.013 (0.999~1.027) 0.068 1.004 (0.982~1.026) 0.715

PLT, 109/L 1.013 (0.995~1.031) 0.164 1.025 (1.001~1.050) 0.042
CRP, mg/L 1.022 (0.999~1.045) 0.067 1.029 (0.995~1.064) 0.093

Albumin, g/L 1.022 (0.858~1.217) 0.810 0.970 (0.754~1.249) 0.815

AST, U/L 1.019 (0.985~1.054) 0.269 1.051 (0.944~1.172) 0.364
ALT, U/L 1.000 (0.963~1.039) 0.993 0.986 (0.886~1.098) 0.802

Scr, μmol/L 1.001 (0.999~1.004) 0.901 0.996 (0.992~1.000) 0.031

Pre-ECMO Hemodynamics
Lac, mmol/L 1.064 (1.014~1.116) 0.012 0.997 (0.894~1.068) 0.613

MAP, mmHg 1.014 (0.989~1.040) 0.263 1.003 (0.972~1.035) 0.846

OI count 0.999 (0.992~1.006) 0.702 0.998 (0.989~1.008) 0.723
Post-ECMO Hemodynamics (24h)
Lac, mmol/L 1.114 (1.059~1.173) <0.001 1.087 (0.989~1.195) 0.082

MAP, mmHg 0.997 (0.978~1.017) 0.782 1.016 (0.988~1.045) 0.255
OI count 1.002 (0.999~1.005) 0.144 1.001 (0.997~1.005) 0.699

Other Preoperative Characteristics
IABP 1.274 (0.682~2.380) 0.448 1.590 (0.719~3.512) 0.252
Active CPR 2.302 (1.235~4.289) 0.009 2.926 (1.344~6.372) 0.007

Postoperative Status
Severe AKI 7.827 (3.794~16.154) <0.001 10.816 (3.118~37.512) <0.001

Abbreviations: WBC, white blood cell; PLT, blood platelet; CRP, C reactive protein; AST, acetic transaminase; ALT, alanine transaminase; Scr, 
serum creatinine; Lac, lactate; MAP, mean arterial pressure; OI, oxygenation index; IABP, intra-aortic balloon pump; CPR, cardiopulmonary 
resuscitation; AKI, acute kidney injury.
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thrombotic events in patients on ECMO support therapy and is an important influencing factor on the short- and long- 
term prognosis of patients.38 It has also been suggested that reduced platelet counts are a marker of excessive platelet 
activation and excessive destruction. Platelet activation mediates the recruitment and release of inflammatory cells that 
play a key role in local and systemic inflammation in many pathological settings such as glomerulonephritis, sepsis, and 
extensive atherosclerosis, leading to exacerbation of infection in patients.39,40 The above studies are all dynamic changes 
during clinical treatment, and there was no statistically significant difference in baseline PLT between the two groups of 
patients in this study. Whether minor changes in PLT prior to ECMO treatment have an impact on prognosis needs 
further clinical exploration and validation.

Limitations
The study was limited to the clinical experience of a single center, and due to differences in indications and management 
of VA-ECMO among centers, including differences in anticoagulation, anti-infection, and withdrawal processes during 
treatment, may significantly affect patient prognostic outcomes. Secondly, because the study is retrospective, methodo-
logical limitations make it possible that the data collected on the variables may not be accurate with the actual medical 
status of the patients. Third, this study used the KDIGO criteria to define AKI, but urine volume information was not 
available in all samples, and no information was collected on the regression of AKI in patients. Finally, due to the small 
sample size number and outcome events number, some other confounders were not fully adjusted, including (1) the 
impact of COVID-19 pandemic;41,42 (2) the approach of PCI;43 (3) impact of operators’ experience;44 (4) PCI or ECMO 
in off-hour;45 (5) some complications peri-ECMO support and so on. However, the proportions of these confounding 

Table 5 Predictors of Severe AKI (Logistic Regression)

Characteristic Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Demographic characteristics
Age, years 0.992 (0.964~1.022) 0.604 1.060 (0.039~28.413) 0.066

Male 0.543 (0.196~1.510) 0.242 0.849 (0.714~1.011) 0.973
BMI, (kg/m2) 1.102 (0.948~1.280) 0.206 1.873 (0.799~4.393) 0.149

Laboratory examinations
WBC count, 109/L 0.985 (0.935~1.036) 0.552 0.791 (0.641~0.977) 0.029
Hemoglobin, g/L 1.019 (0.999~1.039) 0.065 1.018 (0.930~1.114) 0.701

PLT, 109/L 1.013 (0.987~1.040) 0.320 0.967 (0.897~1.042) 0.374

CRP, mg/L 1.014 (0.982~1.047) 0.397 1.037 (0.929~1.158) 0.519
Albumin, g/L 1.262 (0.967~1.648) 0.087 1.355 (0.591~3.109) 0.473

AST, U/L 1.012 (0.961~1.066) 0.658 1.967 (1.118~3.461) 0.019

ALT, U/L 0.973 (0.920~1.030) 0.346 0.614 (0.383~0.984) 0.043
Scr, μmol/L 1.014 (1.008~1.021) <0.001 1.034 (1.008~1.061) 0.010

Pre-ECMO hemodynamics
Lac, mmol/L 1.192 (1.094~1.298) <0.001 1.717 (1.034~2.852) 0.037
MAP, mmHg 1.041 (1.003~1.081) 0.034 0.983 (0.842~1.148) 0.830

OI count 0.999 (0.990~1.009) 0.871 0.974 (0.936~1.014) 0.203

Post-ECMO hemodynamics (24h)
Lac, mmol/L 1.197 (1.100~1.304) <0.001 0.930 (0.643~1.344) 0.698

MAP, mmHg 0.982 (0.956~1.009) 0.185 0.882 (0.785~0.991) 0.034

OI count 1.005 (0.999~1.010) 0.081 1.002 (0.992~1.012) 0.739
Other preoperative characteristics
IABP 0.875 (0.348~2.198) 0.776 1.593 (0.167~15.205) 0.686

Active CPR 1.769 (0.710~4.411) 0.211 1.523 (0.675~31.922) 0.078

Abbreviations: WBC, white blood cell; PLT, blood platelet; CRP, C reactive protein; AST, acetic transaminase; ALT, alanine transaminase; Scr, 
serum creatinine; Lac, lactate; MAP, mean arterial pressure; OI, oxygenation index; IABP, intra-aortic balloon pump; CPR, cardiopulmonary 
resuscitation; AKI, acute kidney injury.
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factors were also quite small, and the influence could be ignored in this study. The influence of these confounders should 
to be further explored in future studies with large samples.

Conclusion
Overall, the data further and strengthen clarify that there is an extremely high incidence of AKI in AMI-CS patients 
requiring VA-ECMO-supported therapy, with a significantly increased 1-year risk of death in patients with severe AKI 
compared with those without severe AKI and no significant difference in the 1-year risk of death in patients without 

Figure 3 Cumulative survival rate for AKI group vs non-AKI group.

Figure 4 Cumulative survival rate for patients without AKI, AKI stage 1 and AKI stage 2.
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severe AKI (AKI grades 0, 1, 2). Finally, there is an urgent need to improve prevention and treatment strategies for 
severe AKI in AMI-CS patients treated with VA-ECMO support and to enhance early identification of this high-risk 
population.
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