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Abstract

Background—Surgical patients frequently experience postoperative increases in creatinine 

levels. The authors hypothesized that even small increases in postoperative creatinine levels are 

associated with adverse outcomes.
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Methods—The authors examined the association of postoperative changes from preoperative 

baseline creatinine with all-cause in-hospital mortality and hospital length of stay (HLOS) in a 

retrospective analysis of surgical patients at a single tertiary care center between January 2006 and 

June 2012.

Results—The data of 39,369 surgical patients (noncardiac surgery n = 37,345; cardiac surgery n 

= 2,024) were analyzed. Acute kidney injury (AKI)—by definition of the Kidney Disease: 

Improving Global Outcome group—was associated with a five-fold higher mortality (odds ratio 

[OR], 4.8; 95% CI, 4.1 to 5.7; P < 0.001) and a longer HLOS of 5 days (P < 0.001) after adjusting 

for age, sex, comorbidities, congestive heart failure, preoperative hemoglobin, preoperative 

creatinine, exposure to radiocontrast agent, type of surgery, and surgical AKI risk factors. 

Importantly, even minor creatinine increases (Δcreatinine 25 to 49% above baseline but < 0.3 

mg/dl) not meeting AKI criteria were associated with a two-fold increased risk of death (OR, 1.7; 

95% CI, 1.3 to 2.4; P < 0.001) and 2 days longer HLOS (P < 0.001). This was more pronounced in 

noncardiac surgery patients. Patients with minor creatinine increases had a five-fold risk of death 

(OR, 5.4; 95% CI, 1.5 to 20.3; P < 0.05) and a 3-day longer HLOS (P < 0.01) when undergoing 

noncardiac surgery.

Conclusions—Even minor postoperative increases in creatinine levels are associated with 

adverse outcomes. These results emphasize the importance to find effective therapeutic 

approaches to prevent or treat even mild forms of postoperative kidney dysfunction to improve 

surgical outcomes.

A World Health Organization–funded study estimates that approximately 230 million 

surgical procedures are undertaken every year worldwide.1 Although various efforts are 

associated with declining surgical mortality rates, organ injury remains an important cause 

for adverse postoperative outcomes.2 With an estimated incidence of approximately 1% in 

noncardiac surgery patients, acute kidney injury (AKI) is one of the leading causes for 

postoperative organ failure,3,4 with a similar occurrence rate as myocardial infarction.5,6

Acute kidney injury has been associated with higher mortality, morbidity, and costs in 

hospitalized patients.7–9 However, its impact on morbidity and hospital length of stay 

(HLOS) in surgical patients is unclear. Perioperatively, numerous events can occur that each 

by itself may impair kidney function: exposure to radiocontrast agent or other nephrotoxic 

medicaments,10–12 hypovolemia and hypotension including reperfusion injury,13,14 

cardiopulmonary bypass (CPB),8,15,16 and postoperative infection or inflammation with 

possible sepsis.17–19

Whereas postoperative AKI is a common and thus well-investigated complication in cardiac 

surgery patients, the significance of AKI in the many times larger population of noncardiac 

surgery patients is less evident. Recently, even minor kidney function impairment below 

AKI criteria has been linked to higher morbidity and mortality in hospitalized patients.20–22 

Similarly, other studies suggested in the context of myocardial injury that minor increases in 

troponin T values—only detectable by high-sensitivity cardiac troponin assays—are 

associated with postoperative myocardial injury and long-term mortality after noncardiac 

surgery.23 In contrast, the impact of AKI and particularly of minor kidney function 

impairment on outcomes in undistinguished non-cardiac surgery populations is unknown.
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On the basis of the studies suggesting that minor post-operative myocardial injury could be 

associated with adverse outcomes in surgical patients,23,24 we hypothesized, before data 

collection and analysis, that also minor increases in post-operative creatinine values—

indicating subclinical postoperative kidney dysfunction not meeting AKI criteria—could be 

associated with adverse outcomes in surgical patients. Therefore, we conducted a single-

center retrospective cohort study to investigate the impact of AKI on in-hospital mortality 

and HLOS in a broad population of surgical patients. Particularly, we also examined minor 

creatinine increases not fulfilling AKI criteria and their impact on mortality and morbidity. 

In an additional post hoc analysis based on the examinations of the data, we compared the 

influence of AKI on patients’ outcome after noncardiac surgery compared with cardiac 

surgery.

Materials and Methods

Patients

The institutional ethics committee (Ethikkommission, Charité–Universitätsmedizin Berlin, 

Berlin, Germany) approved the study and waived the requirement for informed consent 

(EA1/303/11). The trial was registered before data collection at ClinicalTrials.gov 

(NCT01522313) on January 23, 2012 (principle investigator: C.D.S.). All patients 

undergoing surgical procedures between January 2006 and June 2012 at the Campus Charité 

Mitte and Campus Vir-chow-Klinikum, Charité–Universitätsmedizin Berlin, Berlin, 

Germany, were considered eligible for inclusion if they had at least one preoperative 

creatinine measurement within 28 days before the procedure. Patients with end-stage renal 

disease, preoperative need of renal replacement therapy, or undergoing nephrectomy or 

kidney transplantation were excluded. End-stage renal disease and respective procedures 

were obtained from administrative data that store diagnoses and procedures in codes based 

on the International Statistical Classification of Diseases and Related Health Problems, 

Tenth Revision (ICD-10; e.g., N18.6 signifies end-stage renal disease and is applicable for 

chronic kidney disease requiring renal replacement therapy) and the German procedure 

classification codes (Operationen- und Prozedurenschlüssel [OPS; e.g., 5–502.1 signifies 

right hemihepatectomy], an adaptation of the International Classification of Procedures in 

Medicine).

Data Collection

We extracted patients’ data from two sources and combined them in one MySQL database 

(MySQL Community Server, USA). From the hospital data management system (SAP, 

Germany), we acquired age, sex, ICD-coded diagnoses, OPS-coded procedures, creatinine 

(Cr) levels, postoperative intensive care unit stay, HLOS (interval between surgery and 

discharge or death), and in-hospital mortality. From the electronically archived anesthesia 

protocols (Medlinq Softwaresysteme, Germany), we acquired the surgical discipline, 

priority and location of the surgery, and intraoperative transfusions. For patients undergoing 

more than one surgical procedure during their stay, only data of the first surgical procedure 

were analyzed. The Charlson Comorbidity Index25 with all its items (including congestive 

heart failure) was abstracted from the ICD diagnoses as described by Quan et al.,26 and 
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whether the patient received any radio-contrast agent before the surgery was abstracted from 

the OPS codes.

Definition of AKI and AKI Severity

Acute kidney injury was diagnosed by the definition of the Kidney Disease: Improving 

Global Outcome (KDIGO) group,27 considering the maximum increase during the first 7 

postoperative days (PODs):

The KDIGO AKI classification is the most recently published AKI classification,27 merged 

Risk, Injury, Failure, Loss of kidney function, End-stage renal disease (RIFLE) and Acute 

Kindney Injury Network (AKIN) criteria,28–30 and leads to the most frequent diagnosis of 

AKI.31 Based on the maximum value of available postoperative creatinine, patients were 

categorized in mutually exclusive categories of creatinine change and corresponding stages 

of AKI according to the KDIGO definition,27 including no follow-up (no F/U), no measured 

increase (ΔCr ≤ 0%), slight increase (ΔCr 1 to 24%), minor increase (ΔCr 25 to 49%), 

KDIGO stage 1 (ΔCr 50 to 99%, corresponding to RIFLE R or AKIN 1), KDIGO stage 2 

(ΔCr 100 to 199%, RIFLE I or AKIN 2), and KDIGO stage 3 (ΔCr ≥ 200%, RIFLE F or 

AKIN 3).27,29,30 According to KDIGO guidelines, patients were categorized to the highest 

category possible.27 Creatinine increases below KDIGO AKI criteria were dichotomized 

according to previous studies.20–22,32–34 The estimated glomerular filtration rate was 

calculated according to the Modification of Diet in Renal Disease formula.35

In routine clinical practice, not all patients have postoperative creatinine follow-up 

measurements on a daily basis, hence leading to missing data. Categorizing patients by 

creatinine increase in mutually exclusive categories as described in the paragraph above 

resulted in a data set without any missing values for the analyses. This approach was 

considered unlikely to create substantial bias because it took the worst kidney function 

impairment into account that was measured postoperatively. However, we did perform 

additional sensitivity analyses to evaluate the stability of our findings.

Statistical Analyses

Sample size was not calculated beforehand as common in retrospective cohort studies. 

Assuming the effect size of small creatinine increases on in-hospital mortality to be small, a 

convenience sample as big as possible was obtained being limited by the availability of 

electronic data from the machine-readable anesthesia protocols starting January 2006.

Frequencies are reported as numbers and percentages with 95% CIs when appropriate, and 

continuous variables are presented as median with interquartile range (IQR) if normality was 

ruled out by histograms or Q-Q-plots. Categorical data were compared using the chi-square 

test, continuous data using the Mann–Whitney U test, and the Kruskal–Wallis test as 

indicated.
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For all regression models including Cox proportional hazard models, covariate selection was 

based on clinical assessment, factors described in previous studies, and availability from our 

databases. Age, sex, and variables associated with bivariate association (P < 0.1) were 

introduced to the final models. We considered patient-attributed risks for AKI (age, 

preoperative kidney function, and comorbidities), surgery-attributed risks (intrathoracic 

surgery, abdominal surgery, need for transfusion, and emergency surgery), cardiac surgery, 

preoperative exposure to radiocontrast agent, and postoperative intensive care unit 

admission as potential confounders.

Modeling HLOS was conducted using a multiple robust regression model with Huber 

function. Usual linear multiple regression models may be incorrect for not normally 

distributed dependent variables and lead to incorrect variances, covariances, and hence 

incorrect CIs and Wald tests. For this case, Huber provided a robust sandwich estimator for 

the covariance matrix, which was used for the extremely skewed distribution of HLOS.

For Kaplan–Meier curves and corresponding Cox proportional hazard models, time to event 

was considered as interval between surgery and discharge or death. When analyzing in-

hospital death as dependent variable, patients were censored at hospital discharge; when 

analyzing discharge as dependent variable, patients were censored at the time of death.

To evaluate for bias, we performed sensitivity analyses limited to subgroups with limited/no 

missing daily creatinine values, as well as limiting the analyses to early creatinine values 

(POD 1 or POD 2) for greater uniformity.

Binary logistic regression models, Cox proportional hazard regression models, and all other 

calculations were conducted using IBM SPSS Statistics version 22, robust regression using 

R 3.0 (The R Foundation for Statistical Computing, Austria; http://www.R-project.org/). 

Figures were created using GraphPad Prism 6 (GraphPad, USA). Exact testing was 

conducted whenever applicable. The probability of a type I error less than 5% was 

considered to be statistically significant.

Results

Study Population

During the study period, preoperative creatinine was measured in 42,078 of 241,931 patients 

(17.4%). Out of those 42,078 patients, 2,718 patients were excluded because of preexisting 

end-stage renal disease (1,677 patients), because of preoperative renal replacement therapy 

(610 patients), or because they had a nephrectomy or kidney transplantation as surgical 

intervention (431 patients). The data of 39,369 patients were analyzed (fig.%1A).

Patients had a median age of 60 yr (IQR, 45 to 72), 48% were female, and had a median 

Charlson Comorbidity Index of 3 (IQR, 1 to 5). The most frequent comorbidities were 

malignancies (31%), diabetes without complications (17%), and metastatic solid tumor 

(11%; table 1). In the 39,369 patients analyzed, overall all-cause in-hospital mortality was 

2.2%, and patients stayed in the hospital for a median of 5 ays (IQR, 3 to 10). The 

frequencies of different types of surgeries are displayed in figure 1B. AKI rate was highest 
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in cardiac surgery patients with 35.2% and second highest with 9.3% in general surgery 

patients (for postoperative course of creatinine and glomerular filtration rate as well as 

frequency of creatinine assessments, see Supplemental Digital Content 1, http://

links.lww.com/ALN/B200).

Association of AKI and Postoperative Mortality and HLOS

Among the patients analyzed in the study (39,369 patients), a total of 2,465 patients (6.3%; 

95% CI, 6.0 to 6.5%) developed postoperative AKI. Patients with AKI experienced higher 

mortality rates (410 of 2,465 [16.6%; 95% CI, 15.2 to 18.2%] vs. 442 of 36,904 [1.2%; 95% 

CI, 1.1 to 1.3%]; P < 0.001) and stayed longer in the hospital (15 days [IQR, 8 to 29] vs. 5 

days [IQR, 3 to 9]; P < 0.001). These findings remained highly significant after 

multivariable adjustment for age, sex, comorbidities, congestive heart failure, preoperative 

hemoglobin, preoperative creatinine, preoperative administration of radiocontrast agent, 

cardiac surgery, intra-operative risk factors, and postoperative intensive care unit admission: 

postoperative AKI was independently associated with a five-fold risk of all-cause in-hospital 

death (odds ratio [OR], 4.8; 95% CI, 4.1 to 5.7; P < 0.001) and a longer HLOS of 5 days (β 

= 4.8; 95% CI, 4.5 to 5.0; P < 0.001).

Association of AKI Severity and Postoperative Outcome

Mortality—Mortality was higher in patients with more severe AKI. Interestingly, even 

patients with only minor creatinine increases (ΔCr 25 to 49%, not meeting AKI criteria) 

experienced higher mortality rates compared with patients without creatinine increases (5.5 

vs. 2.3%; P < 0.001; fig. 2A). Minor creatinine increases remained significantly associated 

after multivariable adjustment with a two-fold risk for in-hospital death (OR, 1.7; 95% CI, 

1.3 to 2.4; P < 0.001; table 2). A Kaplan–Meier analysis and a corresponding Cox 

proportional hazard model confirmed these findings. The more severe AKI, the greater the 

hazard ratio (HR) for inhospital death, already present at minor creatinine increases below 

AKI criteria (ΔCr 25 to 49%: HR, 1.4; 95% CI, 1.0 to 1.8; P < 0.05; fig. 2B and table 2).

We additionally performed sensitivity analyses to rule out possible bias due to missing 

creatinine follow-up measurements. First, we analyzed the subgroup of patients with 

creatinine measurements during at least 6 of the first 7 PODs (n = 3,338). The multivariable 

binary logistic regression confirmed our original findings: a minor creatinine increase was 

associated with a similar risk of death (ΔCr 25 to 49%: OR, 1.6; 95% CI, 1.0 to 2.5; P < 

0.05) as in the entire study population (n = 39,369). Second, we conducted a binary logistic 

regression in the entire study population (n = 39,369), but this time only considered 

creatinine measurements of POD1 and POD2 when categorizing creatinine increase (ΔCr = 

maximum [CrPOD1, CrPOD2]/Crpreop). The results showed an association of minor creatinine 

increases with in-hospital death (ΔCr 25 to 49%: OR, 1.5; 95% CI, 1.0 to 2.2; P < 0.05) 

similar to the association when considering creatinine measurements of all 7 PODs.

Hospital Length of Stay—Similar to the above findings on in-hospital mortality, HLOS 

was longer in patients with more severe AKI (P < 0.001; fig. 2C). Patients with only minor 

increases of creatinine (ΔCr 25 to 49%; not meeting AKI criteria) experienced longer 

HLOSs compared with patients without creatinine increases (12 days [IQR, 8 to 21] vs. 9 
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days [IQR, 5 to 14], P < 0.001; fig. 2C). After multivariable adjustment, a minor creatinine 

increase below AKI criteria remained associated with a longer hospital stay of 2 days (β = 

2.4; 95% CI, 2.1 to 2.7; P < 0.001; table 2). Kaplan–Meier analysis and a corresponding Cox 

proportional hazard regression confirmed that the more severe degree of AKI, the longer the 

patient stayed in the hospital, including patients with minor creatinine increases (HR, 0.80; 

95% CI, 0.75 to 0.86; P < 0.001; fig. 2D and table 2).

Association of AKI Severity and Postoperative Outcome in Noncardiac versus Cardiac 
Surgery Patients

The characteristics of the study population separated into non-cardiac and cardiac surgery 

patients are presented in Supplemental Digital Content 2, http://links.lww.com/ALN/B201. 

Analyzing all patients from the study population, noncardiac surgery was associated with a 

higher risk of in-hospital death (OR, 1.9; 95% CI, 1.5 to 2.6; P < 0.001) and a longer HLOS 

(β = 2.3; 95% CI, 2.0 to 2.5; P < 0.001; table 2). Due to the fact that previous studies had 

found AKI in cardiac surgery patients associated with increased morbidity and mortality, we 

performed subgroup analyses according to the severity of AKI comparing the impact of 

noncardiac to cardiac surgery on mortality and HLOS. Supplemental Digital Content 3, 

http://links.lww.com/ALN/B202, presents four models describing the association of AKI 

severity on postoperative outcome in the cardiac surgery patients of the study population.

The impact of minor creatinine increases (ΔCr 25 to 49%) on mortality was more 

pronounced in noncardiac surgery patients compared with cardiac surgery patients. Patients 

with minor creatinine increases died more often after non-cardiac surgery compared with 

patients after cardiac surgery (6.4 vs. 1.4%, P < 0.01; fig. 3A). These findings were 

confirmed by multivariable adjustment. Noncardiac surgery was associated with a five-fold 

risk of in-hospital death in patients with minor creatinine increase (ORnoncardiac, 5.4; 95% 

CI, 1.5 to 20.3; P < 0.05; fig. 3B). Similar to mortality, noncardiac surgery was associated 

with a 3-day longer HLOS in patients with minor creatinine increases after multivariable 

adjustment (βnoncardiac = 2.87; 95% CI, 1.07 to 4.68; P < 0.01; fig. 3, C and D).

Discussion

In this single-center retrospective cohort study, we investigated the impact of AKI on in-

hospital mortality and HLOS in a broad population of surgical patients. We found that AKI 

was independently associated with a six-fold increased risk of in-hospital death. Patients 

with more severe AKI experienced higher rates of mortality and a longer HLOS. 

Surprisingly, we also found that even minor postoperative creatinine increases not fulfilling 

AKI criteria were independently associated with a two-fold risk of in-hospital death and a 3-

day longer hospital stay. We were also surprised by the finding that noncardiac surgery 

patients with milder forms of AKI had a higher risk of in-hospital death and longer HLOS 

compared with cardiac surgery patients with corresponding AKI severity. Together, these 

findings highlight that even mild forms of AKI significantly impact the outcome of surgical 

patients.

Acute kidney injury occurred in 6% of this study population that was selected by 

preoperative creatinine measurement. Assuming that patients without preoperative creatinine 
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measurement did not develop AKI and considering all 241,931 patients undergoing surgery 

during the study period (including those without preoperative creatinine measurement; fig. 

1A), a total of 2,465 patients developing AKI in this surgical population would result in an 

incidence of 1.0%. This concurs with previous studies in similar populations of noncardiac 

surgery patients.3,4 Similarly, the much higher AKI incidence (35%) in cardiac surgery 

patients corresponds with previous studies.8 Moreover, our findings indicate that the 

manifestation of more severe forms of AKI occurs less frequently in surgical patients. 

However, the risk of death gradually increased dependent on the severity of AKI. This 

epidemiology in surgical patients is consistent with previous studies in other cohorts of 

hospitalized patients.7–9,18,20,22,32

In contrast, the association of minor creatinine increases not fulfilling AKI criteria with 

adverse outcome has not been shown in noncardiac surgical patients before. Some studies 

have linked minor creatinine increases to higher mortality in small subsets of cardiac surgery 

patients. These studies categorized patients by absolute creatinine increases,21,34,36 by 

relative creatinine increase32,37 or by AKI stages.38,39 Although explicitly accounting for 

minor creatinine changes, the patients identified as “at risk” were either likely to be 

diagnosed as stage 1 AKI by current AKI definition or the study failed to identify all 

patients at risk. Our findings decisively contrast these studies by demonstrating for the first 

time in a large and broad surgical patient sample that even minor creatinine increases below 

the current AKI criteria—i.e., ΔCr 25 to 49% but not ≥ 0.3 mg/dl—are independently 

associated with a two-fold risk of in-hospital death and a longer hospital stay. Although we 

dichotomized creatinine increases below AKI criteria at arbitrary 25% because this was used 

in previous studies,20–22,32–34 a receiver operating characteristic curve and a Youdon’s J 

statistic support these findings. The best cutoff for predicting in-hospital mortality was a 

postoperative creatinine increase of 19%.

Despite the impact on morbidity and mortality shown in the current study, minor creatinine 

increases may frequently be overlooked in routine clinical practice. Just as increased 

postoperative creatinine measurements, even small increases within the reference range were 

associated with higher mortality and longer HLOS. In fact, 44% of the outcome-relevant 

minor creatinine increases in our sample had an increase to a maximum that was within the 

laboratory reference range (0.5 to 0.9 mg/dl for women and 0.7 to 1.2 mg/dl for men), 

making it even harder to spot these changes in clinical routine. Clinicians—before this study

—were likely not aware of the potential impact that mild kidney function impairment could 

have on outcomes, i.e., KDIGO stage 1 AKI and in particular minor creatinine increases 

below AKI criteria. Recently, automatic alert systems have been reported to be helpful in 

timely AKI diagnosis.40,41 However, as those systems use current AKI criteria, they will fail 

to alert clinicians about patients who are at risk for postoperative complications due to 

increased creatinine levels below AKI criteria, as were identified in our study. The KDIGO 

clinical practice guideline for AKI recommends a number of measures to undertake in 

patients at risk of and with AKI, i.e., discontinuation of nephrotoxic agents when possible, 

ensuring volume status and perfusion pressure, considering functional hemodynamic 

monitoring, monitoring creatinine and urine output, avoiding hyperglycemia, and 

considering alternatives to radiocontrast procedures.27 It is critical for future interventional 
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studies to examine whether applying these nephroprotective measures in patients with minor 

creatinine increases can improve kidney function and consequently reduce mortality. Such 

studies will eventually resolve whether small increases in serum creatinine have a causal and 

modifiable association with adverse outcome.

Minor creatinine increases or mild forms of AKI in non-cardiac surgery patients were 

associated with higher mortality compared with cardiac surgery patients in our patient 

sample. This may be due to the different underlying patho-physiology for AKI in the setting 

of CPB surgery. Indeed, besides the multiple nephrotoxic agents and events that can injure 

the kidney during a surgical hospital stay, cardiac surgery patients uniquely distinguish 

themselves by the intraoperative exposure to CPB. The fact that the blood comes into 

contact with the surface of the bypass machine, oxygenator, and tubing leads to the 

activation of multiple inflammatory pathways, vascular deregulation, and ultimately a 

worsened organ perfusion.17,42,43 The duration of intraoperative CPB has thus been linked 

to the incidence and severity of postcardiac surgery AKI.8,15,44–47 However, the fact that 

AKI in noncardiac surgery patients has a more profound impact on mortality and HLOS 

suggests that “low-grade AKI” caused by CPB is likely an event that the kidneys can 

recover from in most instances, whereas “low-grade AKI” without the use of CPB indicates 

a more severe form of intrinsic injury to the kidneys. Indeed, these findings alert to the fact 

that clinicians should take subclinical increases of creatinine levels in general surgery 

patients very seriously.

One of the key challenges for the field of anesthesiology is to find novel preventive or 

therapeutic approaches that are targeted to prevent postoperative organ injury.2,48–51 

Although there are measures to treat pre- and postrenal AKI, intrinsic AKI caused by drugs 

(antibiotics or contrast agents), inflammation, hypoxia–reperfusion injury (e.g., due to 

prerenal injury), or any other noxa is not treatable till today. Most approaches are indeed 

limited to strategies that prevent the underlying cause or are focused on protecting the 

kidneys from additional insults.52,53 Although numerous and mainly preventive strategies 

have been trialed, e.g., remote ischemic preconditioning as well as pharmacotherapeutic 

options, growing evidence is still inconclusive, and many potential drugs have been shown 

to be ineffective.2,27,54 Patients at risk of AKI should be managed according to their 

susceptibilities and exposures, say the current KDIGO guidelines. In most instances, patients 

admitted for surgery present themselves with a normal kidney function. Based on proper risk 

and exposure assessment, physicians should draw their attention to intra- and 

postoperatively preserving patients’ kidney function. In addition, it is generally accepted that 

there is a small therapeutic window for the treatment of AKI. In fact, both animal studies 

and early phase clinical trial indicate that preventive strategies for kidney protection are 

probably more effective than treating already established AKI.55 As such, our findings 

highlight the need for additional preventive approaches that could protect the kidney in 

surgical patients.

Limitations

Including patients only with preoperative creatinine measurement may have introduced 

selection bias to our study. The patients analyzed in our study are rather comorbid and may 
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be more likely to have had a prior history of renal tubular insult and recovery and may 

therefore have been susceptible for future renal injury. Generalizability of our results may 

therefore be limited to patients with similar comorbidities and may not be transferable to 

healthier surgical patients. Our design may have biased the incidence rate of AKI but—with 

high probability—not the effect we were able to show. If a minor creatinine increase below 

AKI stage 1 criteria does occur, it is associated with a two-fold risk of in-hospital death.

Due to the study design using clinical routine data, our results are further limited by the 

uncontrolled nonsystematic creatinine follow-up measurements. Because we conducted a 

retrospective analysis, not every patient in our study had a postoperative creatinine 

measurement on every POD. Missing values may have introduced bias to our study by 

misclassifying patients as having a minor creatinine increase (ΔCr 25 to 49%) when they in 

fact had KDIGO stage 1 AKI. Although this may have consequently led to an 

overestimation of the association of minor increases with mortality and morbidity, our 

sensitivity analyses indicate that the findings are robust and unlikely affected by the missing 

values. The data presented in this study depict real-life postoperative kidney function 

monitoring (i.e., data that would be available to the treating clinician) and suggest that either 

postoperative kidney function monitoring or the current AKI definitions may need revision.

Due to the observational design of this study, we were unable to demonstrate causality of 

minor creatinine increases and adverse outcome. However, basic research shows that AKI 

per se is an important cause for multiorgan failure. For example, a study in mice 

demonstrates dose-dependently that AKI causes increases in intestinal permeability and 

inflammatory mediator release from Paneth cells, thereby triggering multiorgan failure.56 

Moreover, the dose-dependent relation between creatinine increases and outcome 

parameters (mortality and HLOS) in the current study provides an additional indication that 

creatinine increases and AKI could potentially play a functional role in causing peri-

operative organ injury.2 In addition, the resemblance of our study’s results to those of 

previous studies in smaller patient samples and in elect surgical subpopulations further 

supports our conclusions.20–22,34,36,57

Conclusions

Acute kidney injury is a relevant complication in surgical patients and affects more patients 

than identified by current AKI criteria. Our results underscore the need for improving the 

identification of patients at risk and the need for causal and effective preventive as well as 

therapeutic options for this multifactorial and multicausal disease continuum in order to 

improve surgical patients’ outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank Dipl.-Ing. Farzad Nabavi, IT Division, Charité–Universitätsmedizin Berlin (Berlin, Germany), 
for his assistance in exporting data from the hospital’s IT system.

Kork et al. Page 10

Anesthesiology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dr. Jankowski is supported by grants from the German Research Organization, Bonn, Germany (grant no. DFG 
FOR 1368/TP10), and the European Union, Brussels, Belgium (grant nos. FP7-HEALTH-2009-2.4.5-2 to SYSKID, 
241544, and HEALTH 2011.2.4.2-2 to Mascara, 278249). Dr. Eltzschig is supported by grants from the National 
Institutes of Health, Bethesda, Maryland (grant nos. R01-DK097075, R01-HL092188, R01-HL098294, POI-
HL114457, and R01-HL119837). Dr. Ginde received grants from the National Institutes of Health.

References

1. Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, Berry WR, Gawande AA. An 
estimation of the global volume of surgery: A modelling strategy based on available data. Lancet. 
2008; 372:139–44. [PubMed: 18582931] 

2. Bartels K, Karhausen J, Clambey ET, Grenz A, Eltzschig HK. Perioperative organ injury. 
Anesthesiology. 2013; 119:1474–89. [PubMed: 24126264] 

3. Kheterpal S, Tremper KK, Englesbe MJ, O’Reilly M, Shanks AM, Fetterman DM, Rosenberg AL, 
Swartz RD. Predictors of postoperative acute renal failure after noncardiac surgery in patients with 
previously normal renal function. Anesthesiology. 2007; 107:892–902. [PubMed: 18043057] 

4. Kheterpal S, Tremper KK, Heung M, Rosenberg AL, Englesbe M, Shanks AM, Campbell DA Jr. 
Development and validation of an acute kidney injury risk index for patients undergoing general 
surgery: Results from a national data set. Anesthesiology. 2009; 110:505–15. [PubMed: 19212261] 

5. Devereaux PJ, Goldman L, Yusuf S, Gilbert K, Leslie K, Guyatt GH. Surveillance and prevention of 
major perioperative ischemic cardiac events in patients undergoing noncardiac surgery: A review. 
CMAJ. 2005; 173:779–88. [PubMed: 16186585] 

6. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, Sugarbaker DJ, 
Donaldson MC, Poss R, Ho KK, Ludwig LE, Pedan A, Goldman L. Derivation and prospective 
validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation. 
1999; 100:1043–9. [PubMed: 10477528] 

7. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. Acute kidney injury, mortality, 
length of stay, and costs in hospitalized patients. J Am Soc Nephrol. 2005; 16:3365–70. [PubMed: 
16177006] 

8. Mao H, Katz N, Ariyanon W, Blanca-Martos L, Adýbelli Z, Giuliani A, Danesi TH, Kim JC, Nayak 
A, Neri M, Virzi GM, Brocca A, Scalzotto E, Salvador L, Ronco C. Cardiac surgery-associated 
acute kidney injury. Cardiorenal Med. 2013; 3:178–99. [PubMed: 24454314] 

9. Rewa O, Bagshaw SM. Acute kidney injury-epidemiology, outcomes and economics. Nat Rev 
Nephrol. 2014; 10:193–207. [PubMed: 24445744] 

10. Bailey O, Torkington MS, Anthony I, Wells J, Blyth M, Jones B. Antibiotic-related acute kidney 
injury in patients undergoing elective joint replacement. Bone Joint J. 2014; 96-B:395–8. 
[PubMed: 24589798] 

11. Hoste EA, Doom S, De Waele J, Delrue LJ, Defreyne L, Benoit DD, Decruyenaere J. 
Epidemiology of contrast-associated acute kidney injury in ICU patients: A retrospective cohort 
analysis. Intensive Care Med. 2011; 37:1921–31. [PubMed: 22048719] 

12. Zarychanski R, Abou-Setta AM, Turgeon AF, Houston BL, McIntyre L, Marshall JC, Fergusson 
DA. Association of hydroxyethyl starch administration with mortality and acute kidney injury in 
critically ill patients requiring volume resuscitation: A systematic review and meta-analysis. 
JAMA. 2013; 309:678–88. [PubMed: 23423413] 

13. Eltzschig HK, Eckle T. Ischemia and reperfusion—From mechanism to translation. Nat Med. 
2011; 17:1391–401. [PubMed: 22064429] 

14. Panwar R, Lanyon N, Davies AR, Bailey M, Pilcher D, Bellomo R. Mean perfusion pressure 
deficit during the initial management of shock—An observational cohort study. J Crit Care. 2013; 
28:816–24. [PubMed: 23849541] 

15. Legrand M, Pirracchio R, Rosa A, Petersen ML, Van der Laan M, Fabiani JN, Fernandez-gerlinger 
MP, Podglajen I, Safran D, Cholley B, Mainardi JL. Incidence, risk factors and prediction of post-
operative acute kidney injury following cardiac surgery for active infective endocarditis: An 
observational study. Crit Care. 2013; 17:R220. [PubMed: 24093498] 

Kork et al. Page 11

Anesthesiology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Moguel-González B, Wasung-de-Lay M, Tella-Vega P, Riquelme-Mc-Loughlin C, Villa AR, 
Madero M, Gamba G. Acute kidney injury in cardiac surgery. Rev Invest Clin. 2013; 65:467–75. 
[PubMed: 24687353] 

17. Eltzschig HK, Carmeliet P. Hypoxia and inflammation. N Engl J Med. 2011; 364:656–65. 
[PubMed: 21323543] 

18. White LE, Hassoun HT, Bihorac A, Moore LJ, Sailors RM, McKinley BA, Valdivia A, Moore FA. 
Acute kidney injury is surprisingly common and a powerful predictor of mortality in surgical 
sepsis. J Trauma Acute Care Surg. 2013; 75:432–8. [PubMed: 24089113] 

19. Zarjou A, Agarwal A. Sepsis and acute kidney injury. J Am Soc Nephrol. 2011; 22:999–1006. 
[PubMed: 21566052] 

20. Hasper D, von Haehling S, Storm C, Jörres A, Schefold JC. Changes in serum creatinine in the first 
24 hours after cardiac arrest indicate prognosis: An observational cohort study. Crit Care. 2009; 
13:R168. [PubMed: 19874577] 

21. Lassnigg A, Schmid ER, Hiesmayr M, Falk C, Druml W, Bauer P, Schmidlin D. Impact of 
minimal increases in serum creatinine on outcome in patients after cardiothoracic surgery: Do we 
have to revise current definitions of acute renal failure? Crit Care Med. 2008; 36:1129–37. 
[PubMed: 18379238] 

22. Weisbord SD, Chen H, Stone RA, Kip KE, Fine MJ, Saul MI, Palevsky PM. Associations of 
increases in serum creatinine with mortality and length of hospital stay after coronary 
angiography. J Am Soc Nephrol. 2006; 17:2871–7. [PubMed: 16928802] 

23. Nagele P, Brown F, Gage BF, Gibson DW, Miller JP, Jaffe AS, Apple FS, Scott MG. High-
sensitivity cardiac troponin T in prediction and diagnosis of myocardial infarction and long-term 
mortality after noncardiac surgery. Am Heart J. 2013; 166:325–332.e1. [PubMed: 23895816] 

24. The Vascular events In noncardiac Surgery patIents cOhort evaluatN (VISION) Writing Group, On 
Behalf of the Vascular events In noncardiac Surgery patIents cOhort evaluatioN (VISION) 
Investigators. Myocardial injury after noncardiac surgery: A large, international, prospective 
cohort study establishing diagnostic criteria, characteristics, predictors, and 30-day outcomes. 
Anesthesiology. 2014; 120:564–78. [PubMed: 24534856] 

25. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 
comorbidity in longitudinal studies: Development and validation. J Chronic Dis. 1987; 40:373–83. 
[PubMed: 3558716] 

26. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, Saunders LD, Beck CA, Feasby 
TE, Ghali WA. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Med Care. 2005; 43:1130–9. [PubMed: 16224307] 

27. Kidney Disease. Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. 
KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl. 2012; 2:1–138.

28. Thomas ME, Blaine C, Dawnay A, Devonald MA, Ftouh S, Laing C, Latchem S, Lewington A, 
Milford DV, Ostermann M. The definition of acute kidney injury and its use in practice. Kidney 
Int. 2015; 87:62–73. [PubMed: 25317932] 

29. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P. Acute Dialysis Quality Initiative 
Workgroup: Acute renal failure—Definition, outcome measures, animal models, fluid therapy and 
information technology needs: The Second International Consensus Conference of the Acute 
Dialysis Quality Initiative (ADQI) Group. Crit Care. 2004; 8:R204–12. [PubMed: 15312219] 

30. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A. Acute Kidney 
Injury Network: Acute Kidney Injury Network: Report of an initiative to improve outcomes in 
acute kidney injury. Crit Care. 2007; 11:R31. [PubMed: 17331245] 

31. Luo X, Jiang L, Du B, Wen Y, Wang M, Xi X. Beijing Acute Kidney Injury Trial (BAKIT) 
Workgroup: A comparison of different diagnostic criteria of acute kidney injury in critically ill 
patients. Crit Care. 2014; 18:R144. [PubMed: 25005361] 

32. Brown JR, Cochran RP, Dacey LJ, Ross CS, Kunzelman KS, Dunton RF, Braxton JH, 
Charlesworth DC, Clough RA, Helm RE, Leavitt BJ, Mackenzie TA, O’Connor GT. Northern 
New England Cardiovascular Disease Study Group: Perioperative increases in serum creatinine 
are predictive of increased 90-day mortality after coronary artery bypass graft surgery. Circulation. 
2006; 114(1 suppl):I409–13. [PubMed: 16820609] 

Kork et al. Page 12

Anesthesiology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Haase M, Kellum JA, Ronco C. Subclinical AKI—An emerging syndrome with important 
consequences. Nat Rev Nephrol. 2012; 8:735–9. [PubMed: 23007617] 

34. Lassnigg A, Schmidlin D, Mouhieddine M, Bachmann LM, Druml W, Bauer P, Hiesmayr M. 
Minimal changes of serum creatinine predict prognosis in patients after cardiothoracic surgery: A 
prospective cohort study. J Am Soc Nephrol. 2004; 15:1597–605. [PubMed: 15153571] 

35. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate 
glomerular filtration rate from serum creatinine: A new prediction equation. Modification of Diet 
in Renal Disease Study Group. Ann Intern Med. 1999; 130:461–70. [PubMed: 10075613] 

36. Tolpin DA, Collard CD, Lee VV, Virani SS, Allison PM, Elayda MA, Pan W. Subclinical changes 
in serum creatinine and mortality after coronary artery bypass grafting. J Thorac Cardiovasc Surg. 
2012; 143:682–688.e1. [PubMed: 22054657] 

37. Ishani A, Nelson D, Clothier B, Schult T, Nugent S, Greer N, Slinin Y, Ensrud KE. The magnitude 
of acute serum creatinine increase after cardiac surgery and the risk of chronic kidney disease, 
progression of kidney disease, and death. Arch Intern Med. 2011; 171:226–33. [PubMed: 
21325112] 

38. Barili F, Pacini D, Rosato F, Roberto M, Battisti A, Grossi C, Alamanni F, Di Bartolomeo R, 
Parolari A. In-hospital mortality risk assessment in elective and non-elective cardiac surgery. A 
comparison between EuroSCORE II and age, creatinine, ejection fraction score. Eur J 
Cardiothorac Surg. 2014; 46:44–8. [PubMed: 24401691] 

39. Stein A, de Souza LV, Belettini CR, Menegazzo WR, Viégas JR, Costa Pereira EM, Eick R, 
Araújo L, Consolim-Colombo F, Irigoyen MC. Fluid overload and changes in serum creatinine 
after cardiac surgery: Predictors of mortality and longer intensive care stay. A prospective cohort 
study. Crit Care. 2012; 16:R99. [PubMed: 22651844] 

40. Porter CJ, Juurlink I, Bisset LH, Bavakunji R, Mehta RL, Devonald MA. A real-time electronic 
alert to improve detection of acute kidney injury in a large teaching hospital. Nephrol Dial 
Transplant. 2014; 29:1888–93. [PubMed: 24744280] 

41. Thomas M, Sitch A, Dowswell G. The initial development and assessment of an automatic alert 
warning of acute kidney injury. Nephrol Dial Transplant. 2011; 26:2161–8. [PubMed: 21148028] 

42. Ji B, Undar A. An evaluation of the benefits of pulsatile versus nonpulsatile perfusion during 
cardiopulmonary bypass procedures in pediatric and adult cardiac patients. ASAIO J. 2006; 
52:357–61. [PubMed: 16883112] 

43. Esper SA, Subramaniam K, Tanaka KA. Pathophysiology of cardiopulmonary bypass: Current 
strategies for the prevention and treatment of anemia, coagulopathy, and organ dysfunction. Semin 
Cardiothorac Vase Anesth. 2014; 18:161–76.

44. Sickeler R, Phillips-Bute B, Kertai MD, Schroder J, Mathew JP, Swaminathan M, Stafford-Smith 
M. The risk of acute kidney injury with co-occurrence of anemia and hypotension during 
cardiopulmonary bypass relative to anemia alone. Ann Thorac Surg. 2014; 97:865–71. [PubMed: 
24266946] 

45. Ng RR, Chew ST, Liu W, Shen L, Ti LK. Identification of modifiable risk factors for acute kidney 
injury after coronary artery bypass graft surgery in an Asian population. J Thorac Cardiovasc Surg. 
2014; 147:1356–61. [PubMed: 24183907] 

46. Aronson S, Phillips-Bute B, Stafford-Smith M, Fontes M, Gaca J, Mathew JP, Newman MF. The 
association of postcardiac surgery acute kidney injury with intraoperative systolic blood pressure 
hypotension. Anesthesiol Res Pract. 2013; 2013:174091. [PubMed: 24324489] 

47. Stafford-Smith M, Patel UD, Phillips-Bute BG, Shaw AD, Swaminathan M. Acute kidney injury 
and chronic kidney disease after cardiac surgery. Adv Chronic Kidney Dis. 2008; 15:257–77. 
[PubMed: 18565477] 

48. Eltzschig HK, Collard CD. Vascular ischaemia and reperfusion injury. Br Med Bull. 2004; 70:71–
86. [PubMed: 15494470] 

49. Fox AA, Muehlschlegel JD, Body SC, Shernan SK, Liu KY, Perry TE, Aranki SF, Cook EF, 
Marcantonio ER, Collard CD. Comparison of the utility of preoperative versus postoperative B-
type natriuretic peptide for predicting hospital length of stay and mortality after primary coronary 
artery bypass grafting. Anesthesiology. 2010; 112:842–51. [PubMed: 20216395] 

Kork et al. Page 13

Anesthesiology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Fox AA, Nascimben L, Body SC, Collard CD, Mitani AA, Liu KY, Muehlschlegel JD, Shernan 
SK, Marcantonio ER. Increased perioperative b-type natriuretic peptide associates with heart 
failure hospitalization or heart failure death after coronary artery bypass graft surgery. 
Anesthesiology. 2013; 119:284–94. [PubMed: 23695172] 

51. Simonini M, Lanzani C, Bignami E, Casamassima N, Frati E, Meroni R, Messaggio E, Alfieri O, 
Hamlyn J, Body SC, Collard CD, Zangrillo A, Manunta P. CABG Genomics Investigators. A new 
clinical multivariable model that predicts postoperative acute kidney injury: Impact of endogenous 
ouabain. Nephrol Dial Transplant. 2014; 29:1696–701. [PubMed: 24920842] 

52. Collard CD, Gelman S. Pathophysiology, clinical manifestations, and prevention of ischemia-
reperfusion injury. Anesthesiology. 2001; 94:1133–8. [PubMed: 11465607] 

53. Sadovnikoff N, Gelman S. Perioperative renal protection. Curr Opin Anaesthesiol. 1999; 12:337–
41. [PubMed: 17013335] 

54. Gassanov N, Nia AM, Caglayan E, Er F. Remote ischemic preconditioning and renoprotection: 
From myth to a novel therapeutic option? J Am Soc Nephrol. 2014; 25:216–24. [PubMed: 
24309187] 

55. Kaushal GP, Shah SV. Challenges and advances in the treatment of AKI. J Am Soc Nephrol. 2014; 
25:877–83. [PubMed: 24480828] 

56. Park SW, Kim M, Kim JY, Ham A, Brown KM, Mori-Akiyama Y, Ouellette AJ, D’Agati VD, Lee 
HT. Paneth cell-mediated multiorgan dysfunction after acute kidney injury. J Immunol. 2012; 
189:5421–33. [PubMed: 23109723] 

57. Liotta M, Olsson D, Sartipy U, Holzmann MJ. Minimal changes in postoperative creatinine values 
and early and late mortality and cardiovascular events after coronary artery bypass grafting. Am J 
Cardiol. 2014; 113:70–5. [PubMed: 24176074] 

Kork et al. Page 14

Anesthesiology. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What We Already Know about This Topic

• Acute kidney injury (AKI) is a common form of postoperative organ failure. 

Recently, even minor kidney function impairment below AKI criteria has been 

linked to higher surgical morbidity and mortality.

• This study is a single-center, retrospective cohort study that investigated the 

impact of AKI on in-hospital mortality and hospital length of stay after 

noncardiac and cardiac surgery.

What This Article Tells Us That Is New

• Even minor creatinine increases not meeting acute kidney injury criteria were 

associated with an increased risk of death and hospital length of stay, and this 

risk was more pronounced in noncardiac compared with cardiac surgical 

patients.
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Fig. 1. 
Study cohort. (A) Flow chart of the composition of the study population. (B) Study 

population by surgical discipline with corresponding rates of acute kidney injury (AKI) by 

definition of the Kidney Disease: Improving Global Outcome group27; areas within and 

between pie charts correspond to the number of cases. ENT = ear–nose–throat; OMFS = oral 

and maxillofacial surgery.
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Fig. 2. 
Postoperative outcome by severity of acute kidney injury. (A) In-hospital mortality (95% CI) 

gradually increases the more severe the acute kidney injury; §global chi-square test; ***P < 

0.001 compared with ≤ 0% increase in creatinine (chi-square tests). (B) Probability of 

survival gradually decreases the higher the postoperative creatinine increase (Kaplan–Meier 

survival curves); ***P < 0.001 compared with ≤ 0% increase in creatinine (generalized 

Wilcoxon tests). (C) Hospital length of stay (median and quartiles) gradually increases the 

higher the postoperative creatinine increase; #Kruskal–Wallis test; ***P < 0.001 compared 

with ≤ 0% increase in creatinine (Mann–Whitney U tests). (D) Probability of discharge 

gradually decreases the higher the postoperative creatinine increase (Kaplan–Meier response 

curves); ***P < 0.001 compared with ≤ 0% increase of creatinine increase (generalized 

Wilcoxon tests). Cr = creatinine; KDIGO = Kidney Disease: Improving Global Outcome; no 

F/U = no follow-up.
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Fig. 3. 
Postoperative outcome by severity of acute kidney injury (AKI) in noncardiac compared 

with cardiac surgery patients. (A) Mortality in noncardiac surgery compared with cardiac 

surgery patients is higher in subgroups with less severe AKI, **P < 0.01 (chi-square tests). 

(B) After multivariable adjustment, noncardiac surgery is associated with higher risk of in-

hospital death in patients with less severe AKI; data from four multivariable binary logistic 

regression models, one for each subgroup of AKI severity (odds ratios and 95% CIs). (C) 

Hospital length of stay is not longer in noncardiac surgery patients compared with cardiac 

surgery patients in subgroups with less severe AKI (Mann–Whitney U tests). (D) After 

multivariable adjustment, noncardiac surgery is associated with longer hospital stay in 

patients with less severe AKI; coefficients from four robust regression models, one for each 

subgroup of AKI severity (βs and 95% CIs). Cr = creatinine; KDIGO = Kidney Disease: 

Improving Global Outcome; ns = not significant.
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Table 1

Characteristics of the Study Cohort

Characteristics n = 39,369

Age, median (IQR), yr 60 (45–72)

Sex

 Female, No. (%) 18,814 (47.8)

 Male, No. (%) 20,555 (52.2)

Charlson Comorbidity Index, median (IQR) 3 (1–5)

 Any malignancy, No. (%) 12,115 (30.9)

 Diabetes without chronic complication, No. (%) 6,743 (17.1)

 Metastatic solid tumor, No. (%) 4,446 (11.3)

 Chronic pulmonary disease, No. (%) 3,354 (8.5)

 Peripheral vascular disease, No. (%) 3,074 (7.8)

 Congestive heart failure, No. (%) 2,972 (7.5)

 Renal disease, No. (%) 2,706 (6.9)

 Cerebrovascular disease, No. (%) 1,972 (5.0)

 Myocardial infarction, No. (%) 1,918 (4.9)

 Mild liver disease, No. (%) 1,891 (4.8)

 Hemiplegia or paraplegia, No. (%) 1,673 (4.3)

 Diabetes with chronic complication, No. (%) 698 (1.8)

 Rheumatic disease, No. (%) 516 (1.3)

 Dementia, No. (%) 387 (1.0)

 Peptic ulcer disease, No. (%) 316 (0.8)

 Moderate or severe liver disease, No. (%) 284 (0.7)

 AIDS/HIV, No. (%) 80 (0.2)

Preoperative hemoglobin, median (IQR), mg/dl 13.5 (12.2–14.6)

Preoperative creatinine, median (IQR), mg/dl* 0.84 (0.70–1.01)

Severity of postoperative AKI†

 No F/U, No. (%) 22,689 (57.6)

 ΔCr ≤ 0%, No. (%) 7,904 (20.1)

 ΔCr 1–24%, No. (%) 5,159 (13.3)

 ΔCr 25–49%, No. (%) 1,152 (2.9)

 KDIGO stage 1, No. (%) 1,464 (3.7)

 KDIGO stage 2, No. (%) 337 (0.9)

 KDIGO stage 3, No. (%) 664 (1.7)

All-cause in-hospital mortality, No. (%) 852 (2.2)

Hospital length of stay, median (IQR)‡ 5 (3–10)

*
International Systems of Units conversion factor: to convert creatinine to μM, multiply values by 76.3.

†
Mutually exclusive categories of AKI severity by definition of the KDIGO group.27

‡
Interval between operation and discharge or death.
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AIDS = acquired immune deficiency syndrome; AKI = acute kidney injury; Cr = creatinine; F/U = follow-up; HIV = human immunodeficiency 
virus; IQR = interquartile range; KDIGO = Kidney Disease: Improving Global Outcome.
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