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ABSTRACT  

 

Acute kidney injury (AKI), a frequently transient condition, is not currently accepted by the US Food and Drug 

Association as an endpoint for drug registration trials. We assessed whether an intermediate-term change in 

eGFR after AKI has a sufficiently strong relationship with subsequent ESRD to serve as an alternative endpoint 

in trials of AKI prevention and/or treatment. Among 161,185 US veterans undergoing major surgery between 

2004-2011, we characterized in-hospital AKI by the KDIGO creatinine criteria and decline in eGFR from pre-

hospitalization values to various time-points post-discharge, quantifying their associations with ESRD and 

mortality over a median of 3.8 years. The distribution of eGFR decline varied by AKI status: for example, an 

eGFR decline of ≥30% at 30-, 60-, and 90-days occurred in 3.1%, 2.5%, and 2.6% of survivors without AKI 

and 15.9%, 12.2%, and 11.7% of survivors with AKI. There was a graded relationship between eGFR decline 

and ESRD risk. Compared to those with no AKI and stable eGFR, the adjusted hazard ratio of ESRD associated 

with a 30% decline at 30-, 60- and 90-days after in-hospital AKI was 5.60 (95% CI: 4.06-7.71), 6.42 (95% CI: 

4.76- 8.65), and 7.27 (95% CI: 5.14-10.27); corresponding estimates for a 40% decline were 6.98 (95% CI: 

5.21-9.35), 8.03 (95% CI: 6.11- 10.56), and 10.95 (95% CI: 8.10-14.82). Risks for mortality were smaller but 

consistent in direction. A 30%-40% decline in eGFR after AKI could be a surrogate endpoint for ESRD in trials 

of AKI prevention and/or treatment, but additional trial evidence is needed. 

 

 

 



 

INTRODUCTION 

 

Acute kidney injury (AKI) is a common inpatient and outpatient condition and associated with myriad 

morbidity, including a substantially increased risk of development and progression of chronic kidney disease 

(CKD) as well as end-stage renal disease (ESRD).1-4 Despite increasing recognition of AKI as a serious public 

health concern, few effective therapies are available. One reason for the lack of therapies is the controversy over 

whether AKI itself causes an irreversible loss of kidney function.5,6 The current consensus guidelines define 

AKI by an increase in serum creatinine from baseline of 0.3 mg/dL within 48 hours or 50% within 7 days, 

without requirement that the decreased kidney function be sustained.7 People who develop AKI tend to be older 

with a higher burden of comorbidities, including reduced estimated glomerular filtration rate (eGFR) and 

elevated albuminuria.8,9 Some have argued that the adverse outcomes after mild AKI may simply be a result of 

the underlying phenotype and not related to AKI.6,10 As such, AKI is not currently accepted by the US Food and 

Drug Association (FDA) as an endpoint for registration trials. 

 

A better understanding of the risk for ESRD after AKI could inform the design and execution of Phase 3 

clinical trials and facilitate drug development. In clinical trials of CKD progression, a 30% decline in eGFR has 

been suggested as an alternative surrogate endpoint for ESRD, which may enable better-powered trials with a 

smaller sample size than the traditionally accepted surrogate endpoint of doubling of serum creatinine.11,12 13 A 

comparable surrogate outcome following AKI might do the same; indeed, the FDA has accepted an irreversible 

loss of kidney function following AKI as an endpoint in some studies. However, there are little data to support 

what magnitude of eGFR decline after a transient loss in kidney function is meaningful and when the endpoint 

should be assessed (i.e., when the change likely constitutes an irreversible loss).  

 

The objective of this study was to quantify the continuous association between the decrement in eGFR at 

various time-points post-AKI and subsequent ESRD, thus providing evidence to support a potential surrogate 



endpoint in trials of AKI prevention or treatment. We focused on AKI occurring after major surgery, since post-

operative AKI is one of the most common settings for trials of AKI prevention. Because mortality is an 

important and competing endpoint to ESRD after AKI, we also evaluated the association of post-AKI eGFR 

decline with mortality.  

 

RESULTS 

 

Baseline characteristics 

The 161,185 US veterans comprising the study population were majority male (96.3%), 16.9% African 

American, and had an average age of 64 years (Table 1). Mean pre-hospitalization eGFR was 80 ml/min/1.73 

m2, and 12% of the population had eGFR <60 ml/min/1.73 m2. Mean number of creatinine levels in the year 

prior to surgery was 3.5 (standard deviation, 2.7). The most common type of surgery was general (28%), 

followed by orthopedic (21%), vascular (16%), and cardiac (14%). Post-operatively, there were 19,025 cases of 

AKI, with 14,477 (76%) classified as Stage 1, 2,780 (15%) classified as Stage 2, and 1,768 (9%) classified as 

Stage 3. Among the Stage 3 cases, 420 required post-operative dialysis.  

 

Survival to post-discharge time points and frequency of eGFR assessment. 

Survival to post-discharge time points differed by post-operative AKI status (Table 2). At 30-, 60-, and 90-days 

post-hospital discharge, 98%, 97%, and 96% of those without post-operative AKI were alive; as were 89%, 

88%, and 87% of the patients with post-operative AKI. At 1-year, comparable estimates were 92% and 81% of 

the patients without and with post-operative AKI.  

 

The frequency of creatinine checks among survivors also differed by post-AKI status: at 30-days (+/- 15 days), 

41% of people without post-operative AKI and 54% of those with post-operative AKI had a creatinine 

assessment; at 60-days (+/- 30 days), 53% and 63% had a creatinine assessment; at 90-days (+/- 30 days), 49% 

and 57% had a creatinine assessment; and at 1-year (+/- 3 months), 78% and 82% had a creatinine assessment. 



Average number of eGFR assessments during each time window was greater among those who had experienced 

post-operative AKI, and ranged from 2.7 and 3.9 at 30-days +/- 15 days post discharge to 3.4 and 4.5 at 1 year 

+/- 3 months among persons without and with post-operative AKI, respectively. Persons who did not have 

creatinine checks tended to be younger, more often female, more often African American with few comorbid 

conditions (Table S1). Persons without measurements of creatinine also had a lower proportion of subsequent 

ESRD and death, as did participants without AKI (Table S2). 

 

Frequency of eGFR decline post-discharge, by AKI stage 

Higher AKI stage was associated with greater likelihood of eGFR decline, although this association was 

attenuated in later time periods. For example, the frequency of a 30% decline at 30-days was 3%, 12%, 21%, 

and 39% for no AKI, AKI Stage 1, AKI Stage 2, and AKI Stage 3; at 60-days, the frequency was 2%, 10%, 

17%, and 29%; at 90-days, the frequency was 3%, 10%, 16%, and 26%; and at 1-year, the frequency was 3%, 

12%, 15%, and 25%. In adjusted analyses, the odds of a 30% eGFR decline at 30-days were 4.06 (95% CI: 

3.72-4.44), 7.69 (95% CI: 6.65-8.88), and 18.60 (95% CI: 15.83-21.84) for AKI Stage 1, Stage 2, or Stage 3 

with or without dialysis compared to people without post-operative AKI; at 90-days, the odds were 3.67 (95% 

CI: 3.33-4.04), 6.34 (95% CI: 5.40-7.46), and 12.08 (95% CI: 10.11-14.44). The corresponding odds of eGFR 

decline ≥30% at 1-year were 3.58 (95% CI: 3.33-3.85), 5.36 (95% CI: 4.67-6.15), and 9.56 (95% CI: 8.12-

11.25). Among those with measures of creatinine, most people with an eGFR decline >30% at 90 days also had 

an eGFR decline >30% at 60 days and 30 days (79% and 60%, respectively). 

 

Risk of ESRD after post-discharge decline in eGFR  

There were 787 cases of ESRD and 43,668 deaths over a median follow-up of 3.8 years after hospital discharge, 

with greater risk in those with AKI and 30% decline compared to those without AKI or without 30% decline 

(Figure S1). There was a graded relationship between post-discharge eGFR decline and subsequent ESRD risk 

among patients with and without post-operative AKI (Figure 1). Risks of ESRD exceeded 5-fold at an eGFR 

decline of 30% for all time-points post-discharge and were higher with greater magnitude of decline (Table 3). 



For example, compared to patients without post-operative AKI and with stable eGFR at 30-days, people with 

post-operative AKI and an eGFR decline of 30% had a 5.6-fold (95% CI: 4.1-7.7) higher risk of subsequent 

ESRD. The risk gradient associated with a 30% eGFR decline was generally higher at later time windows: 6.4-

fold (95% CI: 4.8-8.7) at 60-days, 7.3-fold (95% CI: 5.1-10.3) at 90-days, and 10.8-fold (95% CI: 7.6-15.4) at 

1-year. There was no consistent pattern suggesting an interaction of AKI stage and magnitude of eGFR decline 

with subsequent risk of ESRD, nor was there a difference in risk of ESRD by AKI stage once eGFR decline was 

accounted for. Of note, persons experiencing eGFR decline without AKI also had higher risk of developing 

ESRD: 2.6-fold (95% CI: 1.8-3.9) at 30-days, 3.0-fold (95% CI: 2.1-4.3) at 60-days, 4.4-fold (95% CI: 3.1-6.3) 

at 90-days, and 7.3-fold (95% CI: 5.3-10.0) at 1-year. The likelihood ratio of eGFR decline of 30% at 30-days 

was 5.78, with lower sensitivity but higher specificity (Figure 2; Table 4). 

 

Risk of death after post-discharge decline in eGFR  

The risk of death associated with eGFR decline after post-operative AKI was smaller than that of ESRD and 

fairly consistent over the various time windows (Table S3). For example, compared to stable eGFR and no 

post-operative AKI, the risk of death associated with a 30% decline in eGFR after post-operative AKI was 1.55 

(95% CI: 1.42-1.69) at 30-days, 1.59 (95% CI: 1.46-1.73) at 60-days, 1.68 (95% CI: 1.54-1.83) at 90-days, and 

1.60 (95% CI: 1.48-1.72) at 365-days. Mortality risks were higher with greater magnitude of eGFR decline. 

There was no consistent difference in risk of death by AKI stage after eGFR decline was accounted for, and 

persons experiencing eGFR decline without AKI also had a higher risk of mortality: 1.3-fold (95% CI: 1.3-1.4) 

at 30-days, 1.5-fold (95% CI: 1.4-1.6) at 60-days, 1.5-fold (95% CI: 1.4-1.6) at 90-days, and 1.4-fold (95% CI: 

1.4-1.5) at 1-year (Figure S2). 

 

Sensitivity analysis 

In sensitivity analyses requiring that a patient have at least two creatinine measurements during the post-

discharge window to confirm eGFR decline, results were similar (Figure S3). The risk associated with an eGFR 

decline of 30% after AKI was 4.25 (95% CI: 2.84-6.36) at 30 days, 5.63 (95% CI: 3.91-8.10) at 60 days, 5.55 



(95% CI: 3.64-8.45) at 90 days, 6.42 (95% CI: 4.42-9.31) at 180 days, and 10.8 (95% CI: 7.32-16.0) at 1-year. 

Similarly, results from analyses excluding ear-nose-throat surgery, accounting for the competing risk of death, 

and using inverse-weighting by the probability of having creatinine measured in that time period were similar to 

the primary analysis (Figure S4).  

 

Mediation analysis 

Mediation analysis suggested that the eGFR decline after surgery statistically explained much of the increased 

risk of ESRD after post-operative AKI. For example, 56%, 73%, and 61% of the risk associated with AKI Stage 

1, Stage 2, and Stage 3 was accounted for by 30-day eGFR decline.  These estimates were 62%, 76%, and 60% 

at 60-days; 62%, 84%, and 67% at 90-days; and 75%, 83%, and 100% at 1-year.  

 

DISCUSSION 

 

This national study of 161,185 US veterans at risk for post-operative AKI provides a rigorous investigation of 

possible surrogate end points in clinical trials of AKI prevention and treatment. We quantify risk of ESRD 

across the full spectrum of post-AKI eGFR decline at various time-points, thus informing decisions about when 

and what magnitude of eGFR decline after AKI is clinically important. Our results show that post-discharge 

eGFR decline was strongly associated with subsequent risk of ESRD, with greater than 5-fold higher risk 

associated with a 30% decline at each time-point of 30-, 60-, 90-, 180-, and 365-days. The association 

strengthened in later time periods and with higher percentage decline in eGFR. Although AKI itself was 

associated with subsequent risk of ESRD, subsequent eGFR decline appeared to mediate this association to a 

large extent, and there was no graded relationship between AKI severity and ESRD after accounting for 

subsequent eGFR decline. Taken together, this may suggest that a 30% decline measured even as early as 30 

days post-discharge could be a suitable surrogate for ESRD after AKI. A more conservative endpoint would be 

a 40% decline; however, this endpoint is less common, which would necessitate larger trials. However, 



additional evidence from clinical trials demonstrating that treatment effects on eGFR decline predict treatment 

effects on ESRD is necessary.  

 

A large body of work recently addressed a similar issue of surrogate endpoints in trials of kidney disease 

progression.11,12,14-18 To approve a drug, the US FDA requires that a development program demonstrate that a 

drug has an effect on a clinically meaningful endpoint or its reliable surrogate.19  End-stage renal disease is a 

widely accepted, clinically meaningful endpoint; however, ESRD is simply too late an event for the majority of 

clinical trial participants – a rationale that applies to both clinical trials of AKI prevention and treatment and 

CKD progression. A surrogate endpoint for ESRD such as an eGFR decline of 30-40% can result in more 

events in a shorter period of time, thereby providing greater power for a given clinical trial design. The 

demonstration of an epidemiologic association is a first step in determining surrogacy, and should be followed 

by investigation in clinical trials, which can address the issue of whether treatment effects on the proposed 

surrogate predict treatment effects on ESRD.  

 

We note that while a decline in eGFR at a specified time point post-AKI is on the pathway from AKI to ESRD, 

it is not equivalent to ESRD, which is a severe and relatively rare event. In addition, ESRD has many causes 

apart from AKI, and which can include acute events that occur after an intermediate endpoint (e.g., medication 

toxicity, myocardial infarction). Thus, both sensitivity and positive predictive value are low, since eGFR decline 

within an early follow-up interval post-AKI is not necessary or sufficient to cause ESRD. This point is 

exemplified by the prediction statistics, which demonstrate some of the differences between a potentially useful 

surrogate and a perfect predictor. Although prediction statistics are informative, even widely accepted 

surrogates such as LDL cholesterol for myocardial infarction have low sensitivity and positive predictive 

value.20 On the other hand, a low sensitivity may also hamper evaluation of treatment effects on ESRD in 

clinical trials.   

 



Similar to recent work in CKD, our results suggest that a 30%-40% decline may be a surrogate for ESRD after 

in-hospital AKI. It also suggests that the most important aspect of AKI prevention may be lessening the risk of 

subsequent eGFR decline, or the irreversible loss of kidney function after an episode of AKI. When eGFR 

decline should be measured post-injury is uncertain, but associations were strong even at 30 days post-hospital 

discharge, and were stronger with confirmed eGFR decline as assessed by repeat measurement. The KDIGO 

guidelines recommend assessment at 90 days for ascertainment of development or progression of CKD after an 

episode of AKI.21  Our data show that this later time point is associated with higher risk, possibly reflecting 

irreversible loss of kidney function, or that it is less affected by the competing risk of mortality, and providing 

stronger evidence of surrogacy. On the other hand, eGFR decline detected at later time points may be caused by 

intervening events post-hospitalization, unrelated to the AKI, and thus may be less preventable than eGFR 

decline at an earlier time point. Our results are consistent with previous work demonstrating worse outcomes 

among people who do not recover eGFR after an episode of AKI compared with those who do recover.10,22-24 

 

The current study focuses on post-operative AKI. Cardiac surgery is a common setting for clinical trials of AKI 

prevention.25,26 An advantage of the post-operative environment in clinical trials of AKI is that the timing of the 

insult may be well-defined, particularly for cardiac and vascular surgery, and thus interventions can be 

delivered at a specific time relative to the anticipated/observed insult. A second advantage of the post-operative 

environment as a setting for clinical trials is that surgery is usually avoided in persons at high risk of mortality. 

Even the most effective therapy for AKI prevention may not prevent short-term mortality, given the availability 

of renal replacement therapy, and thus a higher frequency of mortality will reduce power for a given study 

design. Even in our study, the absolute risk of mortality far exceeded the risk of ESRD, as seen in the low 

positive predictive value; the use of a composite endpoint of ESRD and death would result in weaker 

associations. Relationships between eGFR decline after AKI and subsequent ESRD should be validated in 

alternative clinical settings commonly used in trials, such as post-cardiac catheterization or iodinated contrast 

administration.  

 



In addition to providing a more plausible surrogate for progression to ESRD than an acute and transient change, 

a benefit of choosing an intermediate-term surrogate as an endpoint in trials of AKI prevention or treatment is 

that it limits the possibility of bias from an acute effect of an intervention.  Many interventions tested for the 

prevention of AKI can affect non-GFR determinants of creatinine concentration, shifting the distribution of 

creatinine towards lower values. Given that a change in creatinine forms the basis of the AKI definition,7 an 

intervention that affects the non-GFR determinants of creatinine may falsely appear to prevent AKI. This issue 

has plagued many clinical trials in AKI prevention with interventions ranging from fluid administration to 

dialysis to administration of rosuvastatin.27 So long as the intervention and its non-GFR effect on creatinine are 

short in duration, an intermediate-term endpoint could avoid the bias associated with acute effects. The 

consistency of our results, despite unmeasured medications and intervening hospitalizations, suggests a robust 

association.  

 

The strengths of this study include its large, nationally-based study population, the rigorous quantification of 

eGFR decline and stages of AKI, and linkage to subsequent outcomes. Follow-up for ESRD and mortality is 

presumed to be complete given the linkage to reliable government sources. However, we relied on assessment 

of post-discharge eGFR as it was obtained in clinical care, and this ascertainment bias resulted in sicker patients 

selected into our cohort. However, sensitivity analyses weighting by the inverse probability of creatinine 

measurement demonstrated consistent results. Another limitation is that the VA population consists of mostly 

men, and veterans may be different from the general population in many other ways as well. We did not have 

complete information on baseline proteinuria and thus could not adjust for this important confounder. Comorbid 

conditions were determined by diagnostic code, which has uncertain and possible differential validity. 

Medication use was captured by provider prescription and compliance was unknown. With all observational 

analysis, residual confounding is possible; mediation analysis is particularly susceptible. Our mediation analysis 

was only a secondary analysis but should be interpreted with caution. Finally, only 12% of the population had 

eGFR <60 ml/min/1.73 m2, which differs from many AKI clinical trial populations which are enriched for 



participants with kidney disease. Future studies should validate these associations in other settings and cohorts, 

including clinical trials, where treatment effects can be evaluated. 

 

In conclusion, we present data from a large national cohort of veterans undergoing major surgery that 

demonstrate that a 30%-40% decline in eGFR post-discharge may be potential surrogate endpoint in clinical 

trials of AKI prevention. Unlike other clinical biomarkers, it is directly on the pathway from AKI to ESRD, and 

appears to largely explain the excess risk associated with AKI. Although this endpoint would be considerably 

more common than ESRD, a suitably-powered trial of AKI prevention may still require thousands of patients, 

and its use requires additional study of treatment effects in clinical trials. Future research is needed to determine 

whether other clinically meaningful endpoints such as length of stay or hospital readmission might also be 

useful in drug approval procedures.  

 

CONCISE METHODS 

 

Study population 

The study population has been previously described.28,29 Briefly, 3,582,478 US veterans with eGFR ≥60 

ml/min/1.73 m2 (calculated by the CKD Epidemiology Collaboration 2009 creatinine equation30) measured 

between October 1, 2004 and September 30, 2006 in the national Veterans Affairs (VA) Corporate Data 

Warehouse LabChem data files were included in the initial data pull. For the present study, only patients 

undergoing major cardiac, thoracic, vascular, orthopedic, general, urologic, or ear/nose/throat surgery between 

cohort enrollment date and September 15, 2011 were included (N=310,894).31 For these patients, the first 

qualifying surgery was used as the index hospitalization. We excluded patients with pre-hospitalization ESRD 

and those undergoing surgery more than 30 days after hospital admission, for a final study population of 

161,185 participants.  Because the surgery could occur any time during the follow-up period, many participants 

(12% of the study population) had developed eGFR <60 ml/min/1.73 m2 prior to surgery. 

 



Definitions of AKI and eGFR decline 

Post-operative AKI was staged according to KDIGO creatinine-based criteria from the date of surgery, 

identifying AKI as an increase in serum creatinine from baseline of 0.3 mg/dL within 48 hours or 50% within 7 

days.7 Stage 1 was classified as a creatinine increase of 0.3 mg/dL over 48 hours or 50-99% increase within 7 

days; Stage 2, a 100% to 200% increase within 7 days; Stage 3, ≥200% increase or the receipt of acute dialysis, 

determined by the presence or absence of a procedural code for dialysis (39.95). Baseline serum creatinine for 

the ascertainment of AKI was defined as the mean of all outpatient measurements of serum creatinine between 

7 and 365 days prior to hospital admission, a time window designed to exclude acute fluctuations related to the 

need for surgery. The magnitude of eGFR decline was assessed as the difference between eGFR measured at 

various time-points post-hospital discharge and the pre-hospitalization eGFR as a percentage of pre-

hospitalization eGFR. Pre-hospitalization eGFR was defined as the mean of all outpatient estimates of eGFR 

between 7 and 365 days prior to hospital admission, estimated with the serum creatinine values used in the 

baseline creatinine estimation. Time-points tested included 30 days (+/- 15 days), 60 days (+/- 30 days),  90 

days (+/- 30 days), 180 days (+/- 60 days),  and 1 year (+/- 90 days) post-hospital discharge. If multiple 

assessments of eGFR were made in a given time window, the mean eGFR was used. The magnitude of eGFR 

decline was assessed continuously and using complete case analysis. Given the strength of associations, we 

focused our discussion on 30-, 60- and 90-day time periods and 30% and 40% decline. In sensitivity analysis, 

we required two measurements of eGFR decline in the time window as a proxy for confirmation of decline. 

 

Definitions of covariates and outcomes 

Surgery type was determined from ICD-9-CM procedure codes in the VA Inpatient Medical Dataset and 

categorized according to the Clinical Classifications Software procedural classification system (Table S4). 

Laparoscopic surgery, hypertension, diabetes, coronary artery disease, congestive heart failure, peripheral 

arterial disease, cerebrovascular disease, liver disease, and lung disease were defined by a qualifying inpatient 

or outpatient ICD-9-CM code (Table S5).32,33 Body mass index (BMI) was defined as the average outpatient 

value in the 7-365 days prior to admission using the VA Corporate Data Warehouse. Medication use 



(angiotensin converting enzyme inhibitor (ACE-I), angiotensin receptor blocker (ARB), diuretic, and statin) 

was determined by VA Pharmacy dispensation records in the 3 months prior to surgery. Outcomes included 

ESRD and mortality, as determined through linkage to the VA Vital Status Files and the US Renal Data System, 

respectively, with follow-up until 2011.  

 

Statistical analysis 

Survival to various time-points post-discharge was assessed using a Kaplan-Meier approach. Odds of eGFR 

decline associated with stage of AKI were determined using logistic regression. Cox proportional hazards 

regression was used to determine the association of eGFR decline with subsequent ESRD and mortality, with 

time at risk beginning at the time of post-discharge eGFR assessment. Fully adjusted models included the 

following covariates: age, sex, race, BMI (linear spline, knot at 25 kg/m2), hypertension, baseline eGFR (linear 

spline with knots at 60 and 90 ml/min/1.73 m2), diabetes, congestive heart failure, peripheral arterial disease, 

cerebrovascular disease, lung disease, liver disease, ACE-I/ARB use, diuretic use, statin use, surgery type, 

laparoscopic procedure, and hospital day of surgical procedure (hospital day 0-4, 5-14, 15-30). Proteinuria was 

considered as a covariate but was missing in 90% of the study population and thus not included in the primary 

analysis. Mediation of the AKI-ESRD risk relationship by intermediate-term eGFR decline was performed by 

assessing the reduction in hazard ratio associated with AKI when eGFR decline was included in the model 

compared to the hazard ratio associated with AKI without eGFR decline in the model, with both models 

adjusted for all the other covariates indicated above. All analyses were performed in the overall population 

using Stata MP 12 (College Station, TX).  
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Table 1: Baseline characteristics of veterans undergoing major surgery, 2004-2011 

  
Overall 

N 161,185 
Demographics 

 Age, years 64 (10) 
Female, % 4 

African American race, % 17 
Comorbid conditions 

 Systolic blood pressure, mmHg 133 (14) 
Diastolic blood pressure, mmHg  76 (9) 

Body mass index, kg/m2 29 (6) 
Baseline eGFR, ml/min/1.73m2 80 (17) 

% with eGFR<60 ml/min/1.73m2 12 
% with eGFR<45 ml/min/1.73m2 2 

Diabetes mellitus, % 35 
Hypertension, % 75 

Coronary artery disease, % 35 
Congestive heart failure, % 10 

Cerebral vascular disease, % 18 
Peripheral arterial disease, % 20 

Lung disease, % 33 
Malignancy, % 30 

Liver disease, % 1 
Statin use, % 28 

Diuretic use, % 26 
ACE/ARB use, % 40 

Surgical Factors  
Cardiac, % 14 

Ear-Nose-Throat % 3 
General, %  28 

Orthopedic, % 21 
Thoracic, % 7 
Urology, % 11 
Vascular, % 16 

Laparoscopic, % 7 
*All values reflect mean (SD) unless otherwise stated
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Table 2: Survival after major surgery, by stage of acute kidney injury, and frequency of eGFR 

assessment post-discharge 

Survival (%) 
 30 days 60 days 90 days 180 days 365 days 
All persons (%) 97 96 95 93 91 
With AKI (%) 89 88 87 84 81 
Without AKI (%) 98 97 96 95 92 
Frequency of post-operative eGFR check among survivors, at various time points post-discharge 

  30 days 
±15 days 

60 days ±30 
days 

90 days 
±30 days 

180 day 
 ±60 days 

365 days 
±90 days 

All persons (%) 42 54 50 68 79 
With AKI (%) 54 63 57 73 82 
Without AKI (%) 41 53 49 68 78 
Mean numbers of post-operative eGFR check, at various time points post-discharge (SD) 

  30 days 
±15 days 

60 days 
±30 days 

90 days 
±30 days 

180 day 
 ±60 days 

365 days 
±90 days 

All persons 2.8 (4.0) 3.3 (5.2) 2.9 (4.6) 3.3 (5.5) 3.5 (5.9) 
With AKI 3.9 (5.3) 4.4 (7.1) 3.8 (6.3) 4.2 (7.4) 4.5 (7.9) 
Without AKI 2.7 (3.7) 3.1 (4.8) 2.8 (4.3) 3.1 (5.2) 3.4 (5.6) 
AKI: acute kidney injury; eGFR: estimated glomerular filtration rate; SD: standard deviation 

Mortality calculated based on Kaplan-Meier methods; frequency of post-operative eGFR check includes both inpatient and 
outpatient measures; mean number of post-operative eGFR check includes only those persons with at least one measure of 
creatinine.
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Table 3: Hazard ratios for end-stage renal disease associated with stable eGFR, 30% eGFR decline, and 40% eGFR decline after major 
surgery, by presence and stage of post-operative AKI at 30-days, 60-days, 90-days, 180-days, and 1-year post-hospital discharge*  

  Without AKI AKI stage I AKI stage II AKI stage III or RRT AKI Any stage 
  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 
  30 days ± 15 days 
40 % decline 3.81 (2.66, 5.47) 7.39 (5.32, 10.3) 7.17 (4.21, 12.2) 6.45 (3.19, 13.0) 6.98 (5.21, 9.35) 
30 % decline 2.63 (1.79, 3.88) 5.14 (3.60, 7.35) 7.18 (3.85, 13.4) 5.59 (2.19, 14.3)  5.60 (4.06, 7.71)  
stable Reference 1.69 (1.16, 2.45) 1.18 (0.40, 3.45) 1.44 (0.43, 4.82) 1.68 (1.18, 2.38)  
  60 days ± 30 days 
40 % decline 4.19 (2.98, 5.89) 8.10 (5.97, 11.0) 7.80 (4.71, 12.9) 6.42 (3.05, 13.5) 8.03 (6.11, 10.56) 
30 % decline 3.01 (2.12, 4.27) 6.19 (4.44, 8.62) 7.42 (4.09, 13.5) 6.85 (3.01, 15.6) 6.42 (4.76, 8.65) 
stable Reference 1.62 (1.14, 2.30) 1.39 (0.50, 3.84) 1.87 (0.61, 5.68) 1.64 (1.18, 2.27) 
  90 days ± 30 days 
40 % decline 6.54 (4.67, 9.14) 10.4 (7.48, 14.5) 9.66 (5.38, 17.3) 9.75 (3.97, 23.9) 11.00 (8.10, 14.8)  
30 % decline 4.39 (3.07, 6.28) 7.22 (4.98, 10.5) 8.74 (4.50, 17.0) 2.85 (0.64,  12.7) 7.27 (5.14, 10.3) 
stable Reference 2.66 (1.78, 3.70) 2.97 (1.28, 6.87) 2.52 (0.64, 9.91) 2.65 (1.88, 3.74) 
  180 day ± 60 days 
40 % decline 8.61 (6.53, 11.3) 12.5 (9.29, 16.8) 12.3* (7.02, 21.4) 7.15 (2.65, 19.3) 12.50 (9.54, 16.5) 
30 % decline 4.86 (3.58, 6.59) 7.83 (5.60, 10.9) 4.27* (1.85, 9.85) 2.51 (0.50, 12.6) 7.02 (5.09, 9.67)  
stable Reference 1.87 (1.27, 2.75) 4.06 (1.87, 8.34)  2.57 (0.56, 11.8) 2.20 (1.56, 3.11) 
  365 days ± 90 days 
40 % decline 15.0 (11.3, 19.9) 16.2 (11.7, 22.4) 18.6 (10.7, 32.2) 9.79 (4.11, 23.4) 15.80 (11.6, 21.4) 
30 % decline 7.29 (5.29, 10.0) 9.70 (6.59, 14.3) 13.0 (6.24, 27.2) 22.2 (8.66, 56.7) 10.80 (7.59, 15.4) 
stable Reference 2.53 (1.57, 4.09) 3.63 (1.31, 10.0) 2.62 (0.48, 14.3) 2.78 (1.81, 4.27) 
 

*Adjusted for age, sex, race, BMI (linear spline, knot at 25 kg/m2), hypertension, baseline eGFR (linear spline with knots at 60 and 90 ml/min/1.73 m2), diabetes, 
congestive heart failure, peripheral arterial disease, cerebrovascular disease, lung disease, liver disease, BMI, ACE-I/ARB use, diuretic use, statin use, surgery type, 
laparoscopic procedure, hospital day of surgical procedure (hospital day 0-4, 5-14, 15-30), stage of AKI. 
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Table 4: Sensitivity, specificity, positive predictive value, negative predictive value for ESRD according to 
levels of eGFR decline at various time points 
 30 days 60 days 90 days 180 days 
 Overall AKI Overall AKI Overall AKI Overall AKI 
Sensitivity, % 
30 % eGFR decline 27 41 27 40 31 44 38 51 
40% eGFR decline 17 27 18 27 21 30 24 34 
Specificity, % 
30 % eGFR decline 95 85 96 89 96 89 97 90 
40% eGFR decline 98 92 98 94 98 95 99 95 
Positive predictive value, % 
30 % eGFR decline 4 6 5 8 5 9 6 9 
40% eGFR decline 5 7 7 10 8 12 9 13 
Negative predictive value, % 
30 % eGFR decline 99 98 100 98 100 99 100 99 
40% eGFR decline 99 98 99 98 100 98 100 99 
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Figure 1: Risk of ESRD associated with post-discharge change in eGFR after major surgery, by post-operative AKI status (upper half of graph); 
distribution of post-discharge change in eGFR after major surgery, by post-operative AKI status (lower half of graph); both estimates at 30-days (A), 
60-days (B), 90-days (C), 180-days (D), and 365-days (E), post-discharge. 

 

*Black diamond refers to stable eGFR among those without AKI, the reference. The red circle refers to an eGFR decline of 30% among those with AKI. The red line is at eGFR 
decline 30%, and the red percentage refers to the prevalence of eGFR decline ≥30% among those survivors with post-operative AKI. The y-axis is depicted on the log scale.
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Figure 2. Receiver operating characteristic for ESRD according to eGFR decline at 30-, 60-, 90-, and 180-days post-major surgery overall 
and within the population with post-operative AKI    
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Table S1: Baseline characteristics of veterans undergoing major surgery, 2004-2011, by the presence of post-discharge 
outpatient serum creatinine measurements within a given time period 
  Overall 30 days 

±15 days 60 days ±30 days 90 days 
±30 days 

180 day 
 ±60 days 

365 days 
±90 days 

Post-discharge scr check  Yes No Yes No Yes No Yes No Yes No 

N 161,185 66,141 90,713 83,716 72,245 77,228 77,245 103,871 48,247 116,014 31,448 

Demographics 
 

          

Age, years 64 (10) 64 (10) 63 (11) 64 (10) 63 (11) 64 (10) 63 (11) 64 (10) 63 (11) 64 (10) 62 (11) 

Female, % 4 3 4 4 4 4 4 4 4 4 4 

African American race, % 17 17 17 17 17 17 17 17 17 17 18 

Comorbid conditions 
 

          

Systolic blood pressure, mmHg 133 (14) 133 
(14) 

133 (13) 133 (13) 133 (13) 133 (13) 133 (13) 133 (13) 133 (14) 133 (13) 133 (14) 
Diastolic blood pressure, 

  
76 (9) 75 (9) 76 (9) 75 (9) 76 (9) 75 (9) 76 (9) 75 (9) 76 (9) 76 (9) 76 (9) 

Body mass index, kg/m2 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 

Baseline eGFR, ml/min/1.73m2 80 (17) 79 (18) 81 (17) 79 (17) 81 (17) 79 (17) 81 (17) 79 (17) 81 (17) 80 (17) 82 (17) 
% with eGFR<60 

l/ i /1 3 2 
12 14 10 13 10 13 10 13 10 12 9 

% with eGFR<45 
l/ i /1 73 2 

2 3 2 3 1 3 2 2 1 2 1 
Diabetes mellitus, % 35 41 31 40 30 40 30 39 27 38 24 

Hypertension, % 75 79 73 78 72 78 72 78 70 77 67 
Coronary artery disease, % 35 41 31 39 31 38 32 38 30 37 29 
Congestive heart failure, % 10 13 8 12 8 12 8 11 7 10 7 

Cerebral vascular disease, % 18 19 18 19 17 19 17 19 16 19 16 
Peripheral arterial disease, % 20 21 19 21 18 21 18 21 17 20 17 

Lung disease, % 33 35 30 35 30 35 30 34 28 33 27 
Malignancy, % 30 33 27 33 26 34 25 31 25 29 25 

Liver disease, % 1 2 1 1 1 1 1 1 1 1 1 
Statin use, % 28 31 26 30 26 30 26 30 25 30 23 

Diuretic use, % 26 30 24 26 23 29 23 28 22 27 21 
ACE/ARB use, % 40 45 37 44 37 43 37 43 34 43 32 

Laparoscopic, % 7 5 8 6 8 6 8 6 8 7 8 
*All values reflect mean (SD) unless otherwise stated 



Table S2: Number of participants, ESRD events, and mortality events by category of eGFR decline and AKI stage  
  Without AKI AKI stage I AKI stage II AKI stage III or RRT 
 Change in eGFR N Died  ESRD N Died  ESRD N Died  ESRD N Died  ESRD 
  30 days ± 15 days 
> 40 % decline 820 398 24 423 222 33 169 83 13 223 104 33 
40 - 30 % decline 933 335 15 475 185 21 116 45 6 74 29 5 
30 % decline- stable 18371 5042 88 3235 1007 70 572 193 12 247 86 10 
stable - increase 36702 11649 119 3085 1101 34 482 188 4 214 83 3 
Missing 82896 16525 164 6411 1634 84 934 284 19 472 166 29 
  60 days ± 30 days 
> 40 % decline 790 408 33 378 201 41 149 79 16 156 78 39 
40 - 30 % decline 1017 383 19 439 190 26 106 41 6 81 23 5 
30 % decline- stable 23572 6296 118 3746 1173 74 617 201 14 311 114 15 
stable - increase 47648 13851 124 3831 1242 42 599 208 4 276 97 2 
Missing 65996 12335 116 5108 1216 59 776 238 14 365 115 18 
  90 days ± 30 days 
> 40 % decline 779 415 42 332 153 46 113 61 15 132 63 44 
40 - 30 % decline 994 370 16 381 153 23 101 34 6 59 18 0 
30 % decline- stable 23381 6147 108 3407 1060 64 588 197 9 281 90 13 
stable - increase 42562 12242 95 3328 1086 35 533 169 6 257 97 2 
Missing 70121 12982 149 5858 1391 74 852 252 18 414 125 17 
  180 day ± 60 days 
> 40 % decline 994 493 68 413 184 67 119 60 21 139 60 45 
40 - 30 % decline 1417 536 34 506 182 33 116 35 5 71 18 6 
30 % decline- stable 37008 8584 141 4812 1315 66 768 236 12 362 111 6 
stable - increase 52560 12822 97 3766 1048 34 577 173 4 243 82 4 
Missing 43898 7909 68 3530 856 41 542 152 12 277 79 11 
  365 days ± 90 days 
> 40 % decline 1336 627 115 557 232 108 143 60 23 127 50 40 
40 - 30 % decline 1962 654 41 652 199 23 114 28 5 73 18 6 
30 % decline- stable 44304 8885 125 5389 1288 64 882 247 11 383 105 11 
stable - increase 55672 11237 59 3640 870 16 548 138 3 232 58 2 
Missing 28621 5340 63 2289 554 23 334 96 7 204 57 6 
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Table S3: Hazard ratios for all-cause mortality stable eGFR, 30% eGFR decline, and 40% eGFR decline after major surgery, by 
presence and stage of post-operative AKI at 30-days, 60-days, 90-days, 180-days, and 1-year post-hospital discharge 
  Without AKI AKI stage I AKI stage II AKI stage III or RRT AKI Any Stage 
  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 
  30 days ± 15 days 
40 % decline 1.54 (1.43, 1.66) 1.83 (1.66, 2.02) 1.77 (1.50, 2.09) 1.62 (1.33, 1.97) 1.74 (1.60, 1.89) 
30 % decline 1.34 (1.25, 1.43) 1.53 (1.39, 1.69) 1.55 (1.27, 1.88) 1.78 (1.36, 2.35) 1.55 (1.42, 1.69) 
stable Reference 1.24 (1.17, 1.32) 1.28 (1.11, 1.48) 1.23 (0.98, 1.53) 1.24 (1.17, 1.32) 
  60 days ± 30 days 
40 % decline 1.72 (1.60, 1.85) 2.11 (1.91, 2.33) 1.93 (1.62, 2.30) 1.68 (1.36, 2.07)  1.99 (1.83, 2.17) 
30 % decline 1.48 (1.39, 1.57) 1.64 (1.49, 1.80) 1.40 (1.14, 1.73) 1.53 (1.16, 2.00) 1.59 (1.46, 1.73) 
stable Reference 1.25 (1.17, 1.33) 1.28 (1.11, 1.46) 1.52 (1.26, 1.85) 1.27 (1.20, 1.34) 
  90 days ± 30 days 
40 % decline 1.71 (1.59, 1.83) 1.97 (1.76, 2.19) 1.94 (1.60, 2.34) 1.65 (1.32, 2.07) 1.93 (1.77, 2.11) 
30 % decline 1.49 (1.41, 1.58) 1.71 (1.55, 1.89) 1.79 (1.46, 2.18) 1.25 (0.90, 1.74) 1.68 (1.54, 1.83) 
stable Reference 1.24 (1.17, 1.32) 1.32 (1.15, 1.52) 1.64 (1.35, 1.99) 1.28 (1.21, 1.35) 
  180 day ± 60 days 
40 % decline 1.82 (1.71,1.94) 1.76 (1.59, 1.94) 1.81 (1.50, 2.18) 1.52 (1.23, 1.90) 1.73 (1.60, 1.88) 
30 % decline 1.46 (1.39, 1.54) 1.60 (1.46, 1.75) 1.64 (1.34, 2.00) 1.38 (1.05, 1.81) 1.58 (1.47, 1.71) 
stable Reference 1.20 (1.13, 1.27) 1.22 (1.07, 1.39) 1.77 (1.47, 2.15) 1.23 (1.21, 1.35) 
  365 days ± 90 days 
40 % decline 1.86 (1.76, 1.97) 1.94 (1.77, 2.12) 1.82 (1.50, 2.20) 1.82 (1.45, 2.29) 1.90 (1.77, 2.05) 
30 % decline 1.43 (1.36, 1.50) 1.55 (1.42, 1.69) 1.93 (1.62, 2.30) 1.44 (1.08, 1.92) 1.60 (1.48, 1.72) 
stable Reference 1.25 (1.18, 1.33) 1.25 (1.08, 1.45) 1.77 (1.42, 2.20) 1.27 (1.21, 1.34) 
 

*Adjusted for age, sex, race, BMI (linear spline, knot at 25 kg/m2), hypertension, baseline eGFR (linear spline with knots at 60 and 90 ml/min/1.73 m2), diabetes, 
congestive heart failure, peripheral arterial disease, cerebrovascular disease, lung disease, liver disease, BMI, ACE-I/ARB use, diuretic use, statin use, surgery type, 
laparoscopic procedure, hospital day of surgical procedure (hospital day 0-4, 5-14, 15-30), stage of AKI. The hazard ratio for AKI any stage is derived from separate 
regressions.
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Table S4: International Classification of Diseases, 9th Clinical Modification, codes for 
major surgery 
CCS Procedure Code Surgery type Major Class 
10 Thyroidectomy; partial or complete ENT 
30 Tonsillectomy and/or adenoidectomy ENT 
33 Other OR therapeutic procedures on nose; mouth and pharynx ENT 
36 Lobectomy or pneumonectomy Thoracic 
42 Other OR Rx procedures on respiratory system and mediastinum Thoracic 
43 Heart valve procedures Cardiac 
44 Coronary artery bypass graft (CABG) Cardiac 
49 Other OR heart procedures Cardiac 
50 Extracorporeal circulation auxiliary to open heart procedures Cardiac 
51 Endarterectomy; vessel of head and neck Vascular 
52 Aortic resection; replacement or anastomosis Vascular 
53 Varicose vein stripping; lower limb Vascular 
54 Other vascular catheterization; not heart Vascular 
55 Peripheral vascular bypass Vascular 
56 Other vascular bypass and shunt; not heart Vascular 
59 Other OR procedures on vessels of head and neck Vascular 
60 Embolectomy and endarterectomy of lower limbs Vascular 
61 Other OR procedures on vessels other than head and neck Vascular 
66 Procedures on spleen General 
71 Gastrostomy; temporary and permanent General 
72 Colostomy; temporary and permanent General 
73 Ileostomy and other enterostomy General 
74 Gastrectomy; partial and total General 
75 Small bowel resection General 
80 Appendectomy General 
84 Cholecystectomy and common duct exploration General 
85 Inguinal and femoral hernia repair General 
86 Other hernia repair General 
89 Exploratory laparotomy General 
90 Excision; lysis peritoneal adhesions General 
94 Other OR upper GI therapeutic procedures General 
96 Other OR lower GI therapeutic procedures General 
99 Other OR gastrointestinal therapeutic procedures General 
113 Transurethral resection of prostate (TURP) Urology 
114 Open prostatectomy Urology 
118 Other OR therapeutic procedures; male genital Urology 
142 Partial excision bone Ortho 
153 Hip replacement; total and partial Ortho 
154 Arthroplasty other than hip or knee Ortho 
157 Amputation of lower extremity Ortho 
158 Spinal fusion Ortho 
161 Other OR therapeutic procedures on bone Ortho 
162 Other OR therapeutic procedures on joints Ortho 
164 Other OR therapeutic procedures on musculoskeletal system Ortho 
167 Mastectomy Thoracic 
175 Other OR therapeutic procedures on skin and breast Thoracic 
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Table S5: International Classification of Diseases, 9th Clinical Modification, codes for 
comorbid conditions 
Codes (inpatient or outpatient) 

Comorbid Condition ICD9 
Hypertension 401-405 
Diabetes mellitus 250-250.7 
CAD 414.0, 414.8, 414.9, 410.x, 412, 36.1 
CHF 428.x 
Peripheral arterial disease 440.x, 443.x, 38.0, 38.1, 39.50, 39.22, 39.24, 39.25, 39.26, 39.28 
Cerebrovascular disease 430-438 
Chronic lung disease 490-496, 500-505, 506.4 
Any malignancy 140-172, 174-195, 200-208 
Moderate or severe liver disease 572.2 572.3 572.4 572.8, 456.0 456.1 456.2 
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Figure S1. Kaplan-Meier of post-discharge ESRD among survivors of major surgery, by the presence of >30% decline in eGFR at 30 days 
and post-operative AKI  
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Figure S2: Risk of death associated with post-discharge change in eGFR after major surgery, by post-
operative AKI status (upper half of graph); distribution of post-discharge change in eGFR after major surgery, 
by post-operative AKI status (lower half of graph); both estimates at 30-days (A), 60-days (B), 90-days (C), and 
180-days (D) post-discharge. 

 

 
*Black diamond refers to stable eGFR among those without AKI, the reference. The red circle refers to an eGFR decline of 30% 
among those with AKI. The red line is at eGFR decline 30%, and the red percentage refers to the prevalence of eGFR decline ≥30% 
among those survivors with post-operative AKI. 
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Figure S3. Risk of ESRD associated with post-discharge change in eGFR after major surgery, by post-
operative AKI status, sensitivity analysis; estimates at 30-days (A), 60-days (B), 90-days (C), and 180-days 
(D) post-discharge. These analyses required that a patient have at least two creatinine measurements during the 
post-discharge window as a confirmation of eGFR decline. 

  

  

*Black diamond refers to stable eGFR among those without AKI, the reference. The red circle refers to an eGFR decline of 30% 
among those with AKI.  
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Figure S4. Risk of ESRD associated with post-discharge change in eGFR after major surgery, by post-operative AKI status, additional 
sensitivity analyses for 30-day analysis; excluding ear-nose-throat surgeries  (A), taking into account death as a competing risk (B), and weighting 
participants by the inverse of their probability of having a creatinine measurement during the time window (C). 

 

 

 

 

 

 

 

 

 

 

 

*Black diamond refers to stable eGFR among those without AKI, the reference. The red circle refers to an eGFR decline of 30% among those with AKI.  
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