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Abstract

Objective: Acute kidney injury (AKI) is a common complication of major surgery. However, 

AKI occurring within the first 48h after surgery (early AKI) and therefore likely related to the 

surgery itself is possibly different from AKI occurring after 48h (late AKI). The aim of this study 

was to describe the epidemiology and identify differences in risk factors and outcomes between 

early and late AKI following major surgery.

Design: Retrospective cohort study.

Setting: Academic Medical Center.

Patients: Patients admitted to ICU following non-cardiac major surgery.

Interventions: None.

Measurements and Main Results: We analyzed data from 3499 patients and defined AKI 

according to full KDIGO criteria and classified as early (48h or less) or late (>48h to 7 days) based 

on time from surgery. Separate multivariable logistic regression models were fit to identify risk 

factors of early AKI compared with no AKI and risk factors of late AKI compared with no AKI. 

Overall 41.7% (1459/3499) developed early AKI vs 14.4% (504/3499) late AKI. Most AKI 

occurred within 48h following surgery and 12h was the peak interval. Risk factors for early AKI 

included increased age, BMI, decreased eGFR and anemia, while late AKI cases were closely 

associated with postoperative factors, like sepsis, mechanical ventilation, positive fluid balance, 

blood transfusions and exposure to diuretics, vasopressors, and nonsteroidal anti-inflammatory 

drugs. After adjusting for age, BMI, eGFR, comorbidities, surgery type, both early AKI (OR 
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[95%CI]: 1.84 [1.50, 2.27]) and late AKI (OR [95%CI]: 1.42 [1.09, 1.85]) were associated with 

higher one-year mortality compared to patients without AKI. We found similar results in a 

validation cohort of 10723 patients admitted between 2008 and 2014.

Conclusions: Most surgery-related AKI occurred within 48h of surgery. AKI occurring within 

the first 48h was associated with underlying health, while AKI occurring after 48h was related to 

postoperative complications or drugs. Design of clinical and experimental interventions for AKI in 

this population should consider these differences.
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Introduction

Acute kidney injury (AKI) is a severe complication of major surgery and is associated with 

high risk of morbidity, mortality, prolonged hospitalization, and high economic costs (1-4). 

Several studies have examined AKI following cardiac surgery and this procedure carries a 

high risk for AKI (5). However, a meta-analysis showed that pooled estimated incidence of 

AKI, after major abdominal surgery, was 13% [10.9, 16.4] (6). Moreover, the incidence of 

surgery-associated AKI, among patients going to the ICU, was reported to be 32% (7). Even 

though most of the AKI following cardiac surgery is mild to moderate, it is still strongly 

associated with progression to CKD and/or mortality (2, 7, 8). Currently, there is no effective 

therapy for AKI. Early identification of high risk patients, enhanced clinical monitoring, 

optimal fluid administration, and avoiding nephrotoxic exposure are the most effective 

preventive interventions for AKI. Studies focusing on surgery-associated AKI have defined 

AKI within variable timeframes such as 48h, 72h or 7day post-surgery (2, 9-12). Increases in 

serum creatinine may be delayed by as much as 24-48 hours after an insult and urine output 

may not be measured. However, causes and clinical outcomes for post-operative AKI 

diagnosed within 48 hours post surgery (early AKI) are likely to be different from those 

diagnosed after 48 hours (late AKI). The aim of our study was to identify differences 

(including risk factors, prognosis) for AKI in different time intervals following non-cardiac 

major surgery in a multi-ICU, single-center cohort of patients, and determine potentially 

modifiable risk factors that could be targeted in future studies.

Materials and Methods

Patients:

We formed derivation cohort from the HIgh DENsity Intensive Care (HiDenIC-08) database 

which includes 54,810 patients admitted to 8 ICUs at the University of Pittsburgh Medical 

Center from 2000 to 2008. We limited the current analysis to ICU patients undergoing a 

major surgery defined as opening a major body cavity (cranium, chest, abdomen, or pelvis). 

We excluded patients undergoing cardiac surgery, emergent surgery or transplantation, as 

well as patients with RRT or ESRD before surgery. For those who underwent multiple 

surgeries during the time interval, we only selected the first surgery. Finally, there were 3499 

patients in our cohort. We used ICD-9 codes to identify surgical procedures (CM 
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implementation) and we extracted data on demographics, health characteristics, 

postoperative treatments and complications.

In order to validate the epidemiology of AKI post non-cardiac major surgery has not 

changed during the past decade, we used a validation cohort from a dataset including 

122,000 patients admitted into an ICU at the University of Pittsburgh Medical Center from 

2008-2014. We included and excluded patients according to the same criteria as we did in 

derivation cohort. In total, 10,723 patients comprised the validation cohort. This database 

only included age, baseline sCr / eGFR, ESRD, RRT (starting and ending time), ICU 

admission and discharge time, procedure name, surgery starting and ending time, sCr values 

and Urine Output (UO) post- surgery, and date of death.

The study was approved by the institutional review board of the University of Pittsburgh.

Outcomes:

In derivation cohort, the primary outcome was AKI (all stages). We classified AKI first 

manifesting within 48 hours of surgery (i.e. the time at which AKI criteria were first met) as 

-early AKI and AKI manifesting after 48 hours (up to 7 days) as -late AKI. We defined AKI 

according to KDIGO criteria (13) using both urine output and creatinine. Baseline serum 

creatinine (sCr) was defined as follows: 1). If >2 sCr values were available in the 6 months 

prior to surgery (including the day of admission), then we used the median of these values. 

2). If only two values were present in the prior 6 months, then we used the mean. 3). If <2 

values were present in the prior 6 months, we expanded the window to 12 months taking the 

median if there were 3 or more values or the most recent if fewer than 3 values were 

available. 4). If no prior sCr values were present prior to admission then we used the 

admission value as the baseline. The historical baseline sCr was chosen over the immediate 

pre-operative sCr in order to be more sensitive to changing renal function that began before 

surgery. Secondary outcomes included mortality and “death or dialysis” at 90-day and one-

year, length of hospital and ICU stay. Dialysis information was pulled from the US Renal 

Data System (USRDS)(14). Death data came from the National Death Index (NDI). We 

defined recovery as the absence of any AKI stage at hospital discharge (15). In validation 

cohort, the primary outcome was AKI (all stages), and the secondary outcome was 1-year 

mortality post surgery.

Statistical analysis:

Baseline characteristics among patients who did not develop, developed early, and developed 

late AKI were compared using chi-squared or Fisher’s exact test for categorical variables 

and using ANOVA or Kruskal-Wallis test for continuous variables. Bonferroni adjustments 

were used for multiple comparisons. Outcomes of interest were further compared among 

patients with 3 different post-operative AKI statuses. These outcomes included length of 

stay (LOS) in ICU, LOS in hospital, hospital mortality, 90-day mortality, 365-day mortality, 

90-day dialysis or death, and 365-day dialysis or death. Among those who developed early 

AKI, we compared baseline characteristics and outcomes of interest among patients with 

different 48h AKI stage. Same comparison was repeated among those who developed late 

AKI. Separate multivariable logistic regression models were fit to identify risk factors for 
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early AKI and late AKI respectively (compared with those who did not develop AKI). 

Missing data were imputed by using the Multivariate Imputation by Chained Equations 

(MICE) method(16). Among patients who did not develop AKI and who developed early 

AKI, we fit separate multivariable logistic regression models to estimate the effect of early 

AKI on 90-day and 365-day mortality. Two sets of adjusting covariates were used. 

Regression models were redeveloped among patient who did not develop AKI and who 

developed late AKI. Variable selection in these regression models were based on forward 

stepwise selection using Akaike Information Criterion (AIC). Model goodness of fit was 

evaluated via the Hosmer-Lemeshow test. For sensitivity analysis, we redid the analyses by 

excluding patients with unstable sCr. Statistical analyses were performed using R software 

Version 3.4.1, with statistical significance level at p-value<0.05.

Results

Overall 41.7% (1459/3499) of patients developed AKI within 48h after surgery (early AKI) 

(Table 1); and the severity distribution for early AKI was 43% stage 1, 49% stage 2 and 

7.8% stage 3 (Supplementary Table 1). Another 14.4% (504/3499) patients developed AKI 

during 48h-7day following surgery (late AKI) (Table 1); and the severity distribution for late 

AKI was similar at 51% stage 1, 45% stage 2 and 3.8% stage 3 (Supplementary Table 2). 

Baseline characteristics by post-operative AKI status are presented in Table 1. Both early 

AKI and late AKI patients had similar baseline sCr. However, among 3313 patients (95%) 

who had a hospital admission sCr value prior to surgery, 439 (13%) had an unstable baseline 

sCr—hospital admission sCr was >0.3mg/dl higher compared to the defined baseline sCr as 

described in methods. Compared to patients with late AKI, those with early AKI were older 

(62.96 (16.06) vs 57.04 (18.17), p <0.001) and had higher BMI (29.94 (9.96) vs 26.8 (7.12), 

p <0.001) (Table 1). Early AKI patients also had higher APACHE-III scores (69.01 (28.19) 

vs. 60.58 (24.97), p <0.001) and more positive fluid balance (5% vs. 3%, p <0.001) 

compared to late AKI patients. In order to further compare baseline characteristics between 

early and late AKI patients, we built a multivariable logistic regression with late AKI 

patients as the reference of outcome. After adjustment, age (OR [95%CI]: 1.02[1.01, 1.02], 

p <0.001) and BMI (OR [95%CI]: 1.06[1.04, 1.08], p <0.001) were significantly associated 

with early AKI.

We analyzed peri-operative risk factors for postoperative AKI in two different multivariable 

logistic regressions, which set early AKI or late AKI as primary outcome, respectively. In 

the early AKI model, only preoperative variables were included. We included different types 

of surgery treating “general” as the reference (Table 2). Risk factors for early AKI included 

age (OR: 1.02, 95%CI: [1.02, 1.03], p <0.001), BMI (OR: 1.09, 95%CI: [1.07, 1.10], p 
<0.001), baseline eGFR (60~90 vs. >90, OR: 1.51, 95%CI: [1.26, 1.81], p <0.001), anemia 

(OR: 1.35, 95%CI: [1.15, 1.58], p =0.0002). Among them, baseline eGFR was the risk factor 

with the largest effect, followed by anemia. Neurosurgery was the lowest risk procedure with 

OR of 0.33 (95%CI: [0.26, 0.41], p <0.001) (Table 2). The late AKI model included both 

preoperative and postoperative variables. Risk factors mainly came from postoperative 

variables, which included sepsis (OR: 3.45, 95%CI: [2.67, 4.47], p <0.001), mechanical 

ventilation (OR: 2.35, 95%CI: [1.83, 3.01], p <0.001), normalized fluid balance within 48h 

(OR: 1.04, 95%CI: [1.01, 1.07], p =0.02), blood transfusion (OR: 1.05, 95%CI: [1.01, 1.09], 
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p =0.02), use of diuretic (OR: 2.10, 95%CI: [1.50, 2.96], p <0.001), vasopressors ( OR: 1.41, 

95%CI: [1.01, 1.95], p =0.04), use of nonsteroidal (OR: 1.46, 95%CI: [1.00, 2.11], p 
=0.048) (Table 2). Among all the preoperative variables, only age (OR: 1.01, 95%CI: [1.00, 

1.01], p =0.047), male patients (OR: 1.37, 95%CI: [1.09, 1.73], p =0.007), BMI (OR: 1.05, 

95%CI: [1.02, 1.07], p <0.001) and history of hypertension (OR: 1.52, 95%CI: [1.16, 1.98], 

p =0.002) were risk factors for late AKI. Again, neurosurgery (OR: 0.55, 95%CI: [0.41, 

0.74], p <0.001) was the only procedure with relatively lower risk for late AKI compared to 

general surgery (Table 2). The use of laparoscopic technique did not have an effect on either 

early or late AKI (data not shown).

When compared with late AKI patients, patients with early AKI had higher mortality at one 

year (26.5% vs 21.4%, p = 0.03), and higher incidence of “death or dialysis” at 90 days 

(16.0% vs 12.1%, p = 0.04) as well as at one year (26.8% vs 21.6%, p = 0.03) (Table 3). 

Outcomes stratified by early AKI stage or late AKI stage are shown in Supplementary Table 

3 and 4, respectively. Patients without AKI were set as reference and 90-day or one-year 

mortality post surgery were the outcomes respectively. After adjusting by age, BMI, eGFR, 

comorbidities and surgery type, both early AKI (OR: 2.24, 95%CI: [1.72, 2.92], p <0.001 

and OR: 1.84, 95%CI: [1.50, 2.27], p <0.001, respectively) and late AKI (OR: 1.68, 95%CI: 

[1.19, 2.36], p =0.003 and OR: 1.42, 95%CI: [1.09, 1.85], p =0.01, respectively) were 

significantly associated with 90-day and one-year mortality, respectively (Table 4).

Sensitivity analysis

After excluding patients with changes in sCr from baseline to admission (n=439), we 

repeated the analysis. Compared to patients with late AKI, early AKI patients were older 

(1.02 [1.01, 1.02], p< 0.001) and had higher BMI (1.06 [1.04, 1.08], p<0.001). Risk factors 

for early AKI and late AKI can be found in supplementary table 5. Effects of early AKI 

versus late AKI on outcomes are provided in supplementary table 6. Results were similar to 

our primary analysis.

Validation analysis

Selecting non-cardiac major surgery patients admitted to multiple ICUs at the University of 

Pittsburgh Medical Center from 2008 to 2014 by the same inclusive and exclusive criteria, 

we identified 10,723 patients. Analysis of this cohort yielded similar results to the primary 

analysis with 58.6% (6287/10723) being classified as early (within 48h) and 8.4% 

(907/10723) late. Most AKI following major non-cardiac surgical disease occurred within 

the first 48h after surgery, and 12h post surgery was the peak interval (Fig 1). One-year 

mortality for patients with early and late AKI were 41.74% and 36.03%, respectively 

(Supplementary Table 7).

Discussion

In this study we demonstrated that AKI occurring before and after 48hrs post-surgery are 

quite different in terms of risk factors and outcomes. Our data strongly support the need to 

treat these conditions separately when designing trials and conducting quality improvement. 
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While it may seem obvious that interventions during surgery are unlikely to affect AKI rates 

several days later, many trials have been conducted exactly this way.

Overall rates of AKI post-surgery observed in our study were higher compared to many 

other studies (6, 7, 10, 17) but quite consistent with studies in the ICU which have used full 

KDIGO criteria (18, 19). A special point on baseline sCr also deserves our attention. We 

found that 13% of patients already had evidence of AKI by sCr at hospital admission (i.e. 

before surgery). Thus, it may not be reasonable to set hospital admission sCr as baseline for 

all surgical patients. In addition, most AKI manifest within 48h after surgery, and 12h after 

surgery was the peak interval. This suggests that surgical patients in the ICU require close 

renal function monitoring for the first 48h post-surgery—perhaps longer than the current 

standard of care.

Even though the concepts of early AKI or late AKI have been mentioned previously in acute 

myocardial infarction (AMI) (20, 21), burn (22) and ICU (23, 24) patients, definitions and 

time boundaries vary among them. Moriyama et al. included 760 patients with AMI, and 

AKI was defined according to AKIN criteria. The time boundary for early AKI and late AKI 

was 48h after hospital admission (20). In another AMI study of 971 patients, early AKI was 

defined as AKI occurred within 24h post percutaneous coronary intervention (PCI) in AKIN 

criteria (21). In a study of 221 burn patients, early AKI was defined as AKI occurred within 

24h post hospital admission according to RIFLE criteria (22). While another two studies 

focusing on critically ill patients defined early AKI as AKI diagnosed within 24h of ICU 

admission (23, 24). We chose to define early AKI as within 48h of surgery as this represents 

a plausible delay in reaching serum creatinine criteria and because the 48h window is 

codified in the KDIGO definition of AKI (13).

Our results reveal that patients manifesting AKI early (within 48 hours) were different from 

late AKI patients in terms of baseline characteristics and prognosis. Importantly, the 

differences in risk factors for the early and late AKI permit us to speculate that these are in 

fact distinct phenotypes, and interventions that are developed for one may not be effective 

for the other. Furthermore, pooling of patients developing AKI at these different times into a 

single outcome is likely to be wrong for interventions that specifically target a mechanism 

that only apply to one group (e.g. improving intraoperative hemodynamics).

Apart from age and sex, BMI is the only risk factor associated with both early and late AKI 

in our study. A relationship between BMI and postoperative AKI has been shown in 

previous studies and surgery types included orthotopic liver transplantation (25), non-cardiac 

surgery and cardiac surgery (12, 26-28). By contrast, preoperative anemia was associated 

only with early AKI, while blood transfusion after surgery was associated with late AKI. 

The relationship between anemia, blood transfusion and postoperative AKI has been 

demonstrated before (29, 30). In cardiac surgery, preoperative anemia itself increased AKI 

rates from 1.4% to 1.9%, while blood transfusion amplified the difference—AKI was more 

than two times higher in patients receiving transfusion (6% vs. 2.8%)(29). Blood transfusion 

exacerbated renal damage based on anemia (30). These may be explained in several ways. 

First, anemia itself may make the kidney more vulnerable to hypoperfusion. Indeed, we 

found that anemia was a risk factor for early AKI but not late AKI, suggesting that 
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intraoperative hypoperfusion might be the main mechanism. Second, blood transfusion-

related direct renal injury also cannot be ignored (31). The adverse effects of storage on red 

blood cells may be a critical factor. Storage of red blood cells alters cell deformability and 

shortens cell lifespan, possibly resulting in hemolysis and iron-mediated oxidative kidney 

injury (32, 33).

We observed similar outcomes for patients with AKI as reported in previous studies (2, 10, 

11). One-year mortality rates of 20-25% are often reported. The incidence of “death or 

dialysis” at 90 days of about 15% is also consistent with prior studies (34).

There are several important strengths of our study to highlight. First, we studied a relatively 

large population with complete data to calculate AKI using full KDIGO criteria with precise 

information on timing. Second, we were able to link our data with national databases 

(USRDS and NDI) to ascertain long-term outcomes. Finally, we had reasonably 

comprehensive data on pre- and post-operative variables that could reasonably be expected 

to impact AKI rates. However, there are also several limitations. First, as an observational 

study, we cannot make causal inferences between risk factors and AKI. Second, our cohort 

came from a single center and is now more than a decade old. However, we validated the 

incidence of AKI and 1-year mortality in a newer dataset, which includes patients from 

2008-2014. Third, because of our specific patient population which were admitted into the 

ICU following surgery, our conclusions may not be generalizable to other populations.

Conclusions

In conclusion, most surgery-related AKI occurred within the first 48h after surgery, and 12h 

after surgery was the peak interval. Early AKI (with 48h) was significantly different from 

late AKI in baseline characteristics, risk factors and long-term outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of AKI frequency following surgery.
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Table 1

Baseline characteristics of patients undergoing non-cardiac major surgery stratified by post-operative AKI.

Variable (n=3499) No AKI (n=1536) Early AKI(n=1459) Late AKI (n=504) p-value* p-value**

Age (n=3498) 54.72(18.28) 62.96(16.06) 57.04(18.17) <0.001 <0.001

BMI (n=2251) 25.29(5.74) 29.94(9.96) 26.80(7.12) <0.001 <0.001

Male 829(54.0%) 843(57.8%) 308(61.1%) 0.009 0.21

Race (n=3300) 0.12 -

  White 1352(92.0%) 1247(92.0%) 420(88.6%)

  Black/Others 87(5.9%)/31(2.1%) 81(6.0)/28(2.1%) 36(7.6%)/18(3.8%)

Baseline sCr 0.81(0.22) 0.88(0.23) 0.86(0.25) <0.001 0.06

sCr within 24h hospital admission (n=3313) 0.86(0.26) 1.13(0.65) 0.93(0.32) <0.001 <0.001

eGFR <0.001 <0.001

  < 60 61(4.0%) 97(6.6%) 24(4.8%)

  60 - 90 599(39.0%) 869(59.6%) 233(46.2%)

  > 90 876(57.0%) 493(33.8%) 247(49.0%)

48h Blood transfusion
# 0.21(0.40) 0.37(0.48) 0.34(0.47) <0.001 0.33

7-day Blood transfusion
# 0.91(2.75) 2.39(5.13) 1.99(3.47) <0.001 0.1

Anemia 461(30.0%) 567(38.9%) 187(37.1%) <0.001 0.52

Diabetes 127(8.3%) 196(13.4%) 52(10.3%) <0.001 0.08

Cardiac disease 50(3.3%) 72(4.9%) 27(5.4%) 0.03 0.80

Hypertension 308(20.1%) 455(31.2%) 141(28.0%) <0.001 0.20

Liver transplantation 12(0.8%) 19(1.3%) 3(0.6%) 0.26 -

Myocardiac Infarction 50(3.3%) 72(4.9%) 27(5.4%) 0.03 0.80

COPD 78(5.1%) 109(7.5%) 36(7.1%) 0.02 0.89

Vascular disease 86(5.6%) 130(8.9%) 37(7.3%) 0.002 0.32

APACHE III (n=3492) 47.15(22.12) 69.01(28.19) 60.58(24.97) <0.001 <0.001

Normalized fluid (n=2671) 0.01(0.04) 0.03(0.05) 0.02(0.04) <0.001 <0.001

Normalized fluid within 48h (n =2351) 0.02(0.04) 0.05(0.06) 0.03(0.05) <0.001 <0.001

Mechanical ventilation 617(40.2%) 1043(71.5%) 343(68.1%) <0.001 0.16

Vasopressors
& 138(9.0%) 347(23.8%) 110(21.8%) <0.001 0.40

Suspected Sepsis
## 203(13.2%) 432(29.6%) 191(37.9%) <0.001 <0.001

Aminoglycoside
& 8(0.5%) 12(0.8%) 5(1.0%) 0.44

Amphotericin
& 1(0.1%) 1(0.1%) 0(0%) 1.00 -

ACEInhibitor/ARB 
& 41(2.7%) 37(2.5%) 16(3.2%) 0.75 -

NonSteroidal
& 127(8.3%) 162(11.1%) 58(11.5%) 0.01 0.87

Diuretic
& 129(8.4%) 220(15.1%) 86(17.1%) <0.001 0.32

Surgery <0.001 <0.001

  Vascular 100(6.5%) 203(13.9%) 53(10.5%)

  General 795(51.8%) 911(62.4%) 284(56.3%)
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Variable (n=3499) No AKI (n=1536) Early AKI(n=1459) Late AKI (n=504) p-value* p-value**

  Neuro 416(27.1%) 130(8.9%) 88(17.5%)

  Ortho 102(6.6%) 48(3.3%) 32(6.3%)

  Thoracic 123(8.0%) 167(11.4%) 47(9.3%)

sCr: serum creatinine. Age, BMI, baseline sCr, sCr within 24h hospital admission, 48h blood transfusion, 7-day blood transfusion, APACHE III 
score, normalized fluid, normalized fluid within 48h were expressed in mean ±SD. The remaining variables were expressed in n(%).

#:
amount of blood transfusion within first 48h/ 7 days from ICU admission.

&:
Information for various drugs was collected within first 24h from ICU admission. They were taken before late AKI occurred.

##:
Suspected sepsis was defined by the first time an order of antibiotics and blood cultures was taken within 24hrs of each other. Most of them 

occurred before late AKI. For continuous variables, ANOVA was used; for categorical variables, Chi-square test or Fisher’s exact test was used.

*:
overall p-value is for comparison among no AKI, early AKI (AKI occurred within 48h following surgery) and late AKI (AKI occurred during 

48h-7day post surgery).

**:
p-value is for comparison between early AKI and late AKI, less than 0.0167 indicates significance due to multiple comparison adjustment; only 

shown if overall p-value is significant.
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Table 2

Risk factors for postoperative AKI following surgery in multivariable logistic models.

Early AKI vs. No AKI (n=3499) Late AKI vs. No AKI
(excluded early AKI, n=2040)

Variables OR 95% CI p-value OR 95% CI p-value

Age, year 1.02 1.02 - 1.03 <0.001 1.01 1.00 - 1.01 0.047

Male* 1.16 0.99 - 1.35 0.06 1.37 1.09 - 1.73 0.007

BMI 1.09 1.07 - 1.10 <0.001 1.05 1.02 - 1.07 <0.001

eGFR
# <0.001

<60 1.32 0.93 - 1.88 0.12

60-90 1.51 1.26 - 1.81 <0.001 - -

Anemia 1.35 1.15 - 1.58 0.0002 - -

Liver transplant 1.97 0.95 - 4.09 0.07 - -

History hypertension - - - 1.52 1.16 - 1.98 0.002

Nonsteroidal - - - 1.46 1.00 - 2.11 0.048

Diuretic - - - 2.10 1.50 - 2.96 <0.001

Blood transfusions - - - 1.05 1.01 - 1.09 0.02

Vasopressors - - - 1.41 1.01 - 1.95 0.04

Normalized fluid balance 48h (1%) - - - 1.04 1.01 - 1.07 0.02

Mechanical ventilation - - - 2.35 1.83 - 3.01 <0.001

Sepsis - - - 3.45 2.67 - 4.47 <0.001

Surgery** <0.001 0.002

Vascular 1.26 0.99 - 1.61 0.06 1.01 0.67 - 1.53 0.97

Neuro 0.33 0.26 - 0.41 <0.001 0.55 0.41 - 0.74 <0.001

Orhto 0.41 0.28 - 0.60 <0.001 0.70 0.44 - 1.11 0.13

Thoracic 1.09 0.85 - 1.39 0.50 0.91 0.60 - 1.37 0.64

*, # and **:
female, eGFR (>90) and general surgery were reference levels, respectively. Two multivariable logistic models were established using 

stepwise model selection with AIC criteria. Early AKI or late AKI was set as outcome, respectively. For early AKI model, only preoperative 
variables were included for selection. While both preoperative variables and postoperative variables were included in late AKI model. Hosmer-
Lemeshow p-values for early AKI model and late AKI model were 0.88 and 1.00, respectively.
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Table 3

Outcomes of patients undergoing non-cardiac major surgery by post-operative AKI.

Variable
(n=3499)

No AKI
(n=1536)

Early AKI
(n=1459)

Late AKI
(n=504)

p-value* p-value**

LOS in ICU, median(IQR) 3.00(2.00) 4.00(6.00) 6.00(9.00) <0.001 <0.001

LOS in hospital, median(IQR) 10.00(10.00) 14.0(14.00) 17.50(18.25) <0.001 <0.001

Hospital mortality, n(%) 67(4.4%) 155(10.6%) 38(7.5%) <0.001 0.06

90-day mortality, n(%) 123(8.0%) 229(15.7%) 61(12.1%) <0.001 0.06

365-day mortality, n(%) 260(16.9%) 387(26.5%) 108(21.4%) <0.001 0.03

Death or dialysis at day 90, n(%) 123(8.0%) 233(16.0%) 61(12.1%) <0.001 0.04

Death or dialysis at day 365, n(%) 260(16.9%) 391(26.8%) 109(21.6%) <0.001 0.03

LOS: length of stay. For continuous variables, ANOVA or Kruskal-Wallis test was used; for categorical variables, Chi-square test was used.

*:
overall p-value is for comparison among no AKI, early AKI and late AKI.

**:
p-value is for comparison between early AKI and late AKI, less than 0.0167 indicates significance due to multiple comparison adjustment; only 

shown if overall p-value is significant.
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Table 4

Multivariable logistic models for comparing mortality among AKI diagnosed at different time windows.

Model Outcomes Variable Adjusted
Odds Ratio

95% CI of
Odds Ratio

p-value

1 90-day mortality# AKI <0.001

Early AKI vs no AKI 2.24 1.72-2.92 <0.001

Late AKI vs no AKI 1.68 1.19-2.36 0.003

2 365-day mortality## AKI <0.001

Early AKI vs no AKI 1.84 1.50-2.27 <0.001

Late AKI vs no AKI 1.42 1.09-1.85 0.01

3 90-day mortality* AKI 0.12

Early AKI vs no AKI 1.32 0.99-1.77 0.06

Late AKI vs no AKI 1.04 0.72-1.50 0.83

4 365-day mortality** AKI 0.01

Early AKI vs no AKI 1.39 1.12-1.73 0.003

Late AKI vs no AKI 1.09 0.82-1.43 0.56

Models(#,##) were adjusted by age, BMI, eGFR, comorbidities, surgery type. Models(*,**) were adjusted by age, BMI, eGFR, comorbidities, 
surgery type and postoperative complications.
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