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Abstract
Objective—In a single-center cohort of surgical patients we assessed the association between
postoperative change in serum creatinine (sCr) and adverse outcomes and compared the American
College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP)’s definition
for acute kidney injury (NSQIP-AKI) with consensus RIFLE (Risk, Injury, Failure, Loss, and
End-stage Kidney) and KDIGO (Kidney Disease: Improving Global Outcomes) definitions.

Design—Retrospective single center cohort.

Setting—Academic tertiary medical center.

Patients—27,841 adult patients with no previous history of chronic kidney disease undergoing
major surgery.

Intervention—RIFLE defines AKI as change in sCr greater than or equal to 50% while KDIGO
uses 0.3 mg/dl change from the reference sCr. Since NSQIP defines AKI as sCr change > 2mg/dl,
it may underestimate the risk associated with less severe AKI.

Measurements—The optimal discrimination limits (ODL) for both percent and absolute sCr
changes were calculated by maximizing sensitivity and specificity along the receiver operating
characteristic (ROC) curves for postoperative complications and mortality.

Main Results—Although prevalence of RIFLE-AKI was 37%, only 7% of RIFLE-AKI patients
would be diagnosed with AKI using the NSQIP definition. In multivariable logistic models
patients with RIFLE or KDIGO-AKI had a 10 times higher odds of dying compared to patients
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without AKI. The ODLs for change in sCr associated with adverse postoperative outcomes were
as low as 0.2 mg/dl while the NSQIP discrimination limit of 2.0 mg/dl had low sensitivity (0.05 –
0.28).

Conclusion—Current ACS NSQIP definition underestimates the risk associated with mild and
moderate AKI otherwise captured by the consensus RIFLE and KDIGO criteria.

Index Words
acute kidney injury; American College of Surgeons; National Surgical Quality Improvement
Program; serum creatinine; postoperative complications; epidemiology and outcomes; RIFLE;
KDIGO

Introduction
Severe acute kidney injury (AKI) requiring renal replacement therapy (RRT) is a well-
recognized risk factor for hospital mortality (1). With the introduction of the Risk, Injury,
Failure, Loss, and End-stage Kidney consensus AKI definition (RIFLE-AKI), which has
standardized the description of less severe acute changes in renal function, the adverse
effects of small serum creatinine (sCr) changes have begun to be systematically studied (2,
3). Among surgical patients, the association between small postoperative sCr changes and
short and long-term mortality has emerged in the literature (4-8).

The RIFLE defines three grades of AKI severity based on at least a 50% change in sCr
relative to the reference sCr (RsCr) (9) and the recent consensus Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines have expanded the AKI criteria to include changes as
small as 0.3 mg/dl (10). However, the implementation of the consensus AKI definition in the
surgical guidelines and the literature has been slow (11). The American College of Surgeons
Committee on Trauma defines AKI after trauma as a sCr above 3.5 mg/dl, but in a
multicenter trauma study only 15% of all RIFLE-AKI trauma patients had a sCr greater than
3 mg/dl (12). The American College of Surgeons–National Surgical Quality Improvement
Program’s (ACS NSQIP), the largest prospective surgical database, defines postoperative
AKI as a postoperative rise in sCr greater than 2 mg/dl or as the acute need for RRT (13).
However, in a single-center study of 10,000 postoperative patients, 90% of RIFLE-AKI
patients would not fulfill NSQIP-AKI criteria as their postoperative change in sCr was less
than 2 mg/dl (6). Not surprisingly, a study using the 2005–2006 ACS NSQIP dataset
reported an AKI prevalence of only 1% with an eightfold increase in 30-day mortality (14).
Hence the NSQIP-AKI definition may underestimate the occurrence of AKI in patients with
small postoperative sCr changes as defined by the RIFLE or KDIGO classification.
Furthermore, the association between adverse outcomes and longitudinal sCr changes
considered as a continuous value rather than AKI categories based on predefined cut-offs
has not been studied previously in this population.

In a large single-center cohort of patients with no history of chronic kidney disease (CKD)
undergoing major surgery we assessed the association between any postoperative change in
sCr level and adverse outcomes to determine the optimal discriminatory cut-offs and to
compare the consensus AKI definitions with the NSQIP-AKI definition in this cohort.

Patients and Methods
Data source

Using the University of Florida (UF) Integrated Data Repository we assembled training and
validation cohorts by integrating perioperative clinical, administrative and laboratory
databases at the UF and Shands Hospital. (Supplemental Digital Content (SDC) Methods).
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The validation cohort was used for validating the performance of logistic regression models
developed in the training cohort in order to increase the internal validity and replicability of
the results. The training and validation cohorts included all adult patients admitted to the
hospital for longer than 48 hours following any type of operative procedure between January
1, 2000 and December 31, 2008 and between January 1, 2009 and November 30, 2010,
respectively. The study was designed and approved by the UF Institutional Review Board.

Patient population
We identified 47,801 patients fulfilling the inclusion criteria for the training cohort and
13,299 patients for the validation cohort. After excluding patients with CKD stage five on
admission (n=1136), those with a reference estimated glomerular filtration rate (ReGFR) <
65 ml/min/1.75 m2 (n=5888), transplant, trauma and burn patients (n=8405) and those with
less than two sCr measurements (n=5642), the final training cohort included 27,841 patients
with a ReGFR ≥ 65 ml/min/1.75 m2. We classified all surgeries as cardiothoracic surgery,
non-cardiac general and vascular surgery, neurologic surgery and specialty surgeries
(orthopedic, gynecological, ear-nose-throat, urology and plastic surgeries) (SDC Methods).
The final validation cohort comprised 7,083 patients with reference eGFR ≥ 65 ml/min/1.75
m2 and a distribution of surgical procedures similar to the training cohort.

Definition of AKI
Changes in measured sCr levels during hospitalization were calculated both as the maximum
absolute change and maximum percent change from RsCr in the first thirty postoperative
days. Need for RRT was determined using hospital charges for RRT in the billing database.
We applied three AKI definitions using sCr changes only without urine output criteria:
RIFLE (RIFLE-AKI), KDIGO (KDIGO-AKI) and NSQIP (NSQIP-AKI). RIFLE defines
AKI using at least a 50% sCr change from a reference sCr (RsCr) (9), KDIGO uses either
0.3 mg/dl increase within 48 hours or 50% increase above RsCr (10) and NSQIP defines
AKI as a sCr increase greater than 2 mg/dl from the preoperative value or as acute RRT
requirement within 30 days of the operation (13). For all calculations we defined RsCr either
as the minimum of the sCr values available within six months prior to admission including
the admission day sCr (used for the results reported in the manuscript) or as the minimum of
the sCr values available within seven days prior to admission including the admission day
sCr (used for sensitivity analyses) (15). Patients with RIFLE-AKI were stratified according
to the maximum RIFLE class reached during the hospital admission using the largest percent
change in sCr during hospitalization. RIFLE-R corresponds to a 50% change in sCr, RIFLE-
I to a doubling in sCr and RIFLE-F to a tripling in sCr compared to RsCr. Renal outcome at
the time of discharge was evaluated by comparing the discharge sCr to the RsCr. Complete
renal recovery existed if the sCr returned to a level less than 50% above RsCr, whereas
partial renal recovery existed if there was a persistent increase in sCr more than 50% above
RsCr but no need for RRT. No renal recovery implied there was a need for RRT at the time
of hospital discharge.

Covariates and outcomes
Patient survival status was determined using hospital discharges and the Social Security
Death Index to measure hospital mortality, 90-day mortality and hospital mortality rates
(number of deaths per 100 patient-months) to adjust for length of stay. In addition, we used
postoperative complications as outcome variables as previously described (SDC, Table 1)
(16, 17). For the definition of sepsis we followed the selection criteria developed by the
Agency for Healthcare Research and Quality for the patient safety indicators “Postoperative
Sepsis” (PSI-13) (18) using International Classification of Diseases, Ninth Revision,
Clinical Modification ICD-9-CM) codes. Organ failure associated with sepsis was identified
by adding ICD-9-CM codes for acute organ dysfunction to the sepsis diagnosis (19, 20). For
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each patient in the cohort the exact dates were used to calculate the duration of mechanical
ventilation (MV) and RRT. Long-term MV was defined as a requirement for MV greater or
equal to 14 consecutive days. The presence of underlying comorbidities was identified by
ICD-9-CM codes as described by Elixhauser et al (21). In addition, we calculated the
Charlson-Deyo comorbidity score and grouped patients into score categories of 0, 1-2, 3-4
and ≥5 (22). For each subject we also determined whether discharge records contained
ICD-9-CM diagnostic codes for “ARF” (584.XX or 997.5).

Statistical analysis
The analytical plan followed the STROBE recommendations for observational cohort
studies (23) and was performed using SAS software (v.9.2, Cary, N.C.) by AB, MB, TOB
and CEH (SDC, Methods). Univariable logistic regression models were fit to assess the
association between sCr change as a continuous measurement (percent change or absolute
change in sCr from RsCr) and each outcome variable (hospital mortality and post-operative
complications) separately. Receiver operating characteristic (ROC) curve analysis was
performed by calculating sensitivity and specificity for sCr changes. The optimal
discrimination limits (ODL) for both percent and absolute sCr changes were calculated by
maximizing sensitivity and specificity along the ROC curves for each outcome. Sensitivity
and specificity of the NSQIP-AKI discrimination limit (2.0 mg/dl) was obtained from ROC
curve fit for absolute changes in sCr. Area under the curve (AUC) with 95% confidence
intervals (CI) was used to assess model fit.

We constructed separate multivariable logistic regression models for each outcome using
different definitions of AKI as the main independent covariate. NSQIP-AKI, RIFLE-AKI
and KDIGO-AKI were entered in each model as class variables while absolute change in
sCr and percent change in sCr were entered as continuous variables. Each model was
adjusted for age (continuous variable), gender (female versus male), race (African-American
versus others), admission comorbidities (Charlson-Deyo comorbidity score as a continuous
variable), elective operative status (emergent surgery versus routine elective surgery), day of
admission (weekend versus weekday), surgery type (reference specialty surgery) and
primary insurance (reference private insurance). We selected explanatory variables based on
their significance in prior univariable analysis and previously reported associations in the
literature. Model diagnostics included testing for collinearity (variance inflation factor and
tolerance), interactions and model fit (Hosmer-Lemeshow goodness of fit). Multiple ROC
curve comparison analyses were performed to assess the predictive performance of
univariable and multivariable models with different AKI definitions for each outcome in
both training and validation cohorts and between the cohorts. AUC (95% CI) comparisons
were made using the DeLong test, a nonparametric method that exploits the mathematical
equivalence of the AUC to the Mann-Whitney U-statistic (24). We performed sensitivity
analyses by comparing the effect of a) different definitions for RsCr and b) inclusion of
patients with missing values for sCr and c) omission of different covariates on model fit for
each outcome.

Results
Prevalence and mortality rates for RIFLE-AKI and NSQIP-AKI

The prevalence of RIFLE-AKI among 27,841 adult surgical patients with ReGFR ≥ 65 ml/
min/1.75 m2 was 37% (10,228/27,841). Mild and moderate AKI (stages Risk and Injury)
comprised the majority of all RIFLE-AKI: 58% (5959/10,228) RIFLE-R and 25%
(2578/10,228) RIFLE-I with only 17% (1691/10,228) with severe RIFLE-F AKI. Only 3%
(701/27,841) of all patients were classified with AKI using NSQIP definition. No patients
with mild RIFLE-AKI were classified as having AKI using the NSQIP definition and only
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40% of patients with severe AKI (RIFLE-F) would fulfill NSQIP criteria for AKI. Overall
93% of all patients with RIFLE-AKI were not classified as having AKI using the NSQIP
definition (Table 1).

Although baseline demographic characteristics of patients with RIFLE-AKI were similar to
those with no AKI, RIFLE-AKI more often emerged as an early complication (AKI onset
within the first 72 postoperative hours among 72% of patients) of emergent surgical cases
and for those patients admitted on weekends (Table 1). Postoperative complications were
significantly more prevalent among patients with RIFLE-AKI and proportional to the AKI
severity. Only 3% (332/10,228) of all patients with RIFLE-AKI required RRT. Close to two
thirds of all RIFLE-AKI patients had complete recovery at hospital discharge.

Hospital and 90-day mortality were significantly higher among patients with AKI compared
to patients with no AKI, regardless of the definition (Table 2). Mortality rates were four to
ten times higher in patients with RIFLE-AKI compared to patients with no AKI, and varied
depending on the type of surgical procedure from 10 to 14 deaths per 100 patient-months
(100 PM). Although patients with NSQIP-AKI had high mortality rates (25 to 34 deaths per
100 PM), they comprised only a small fraction of all patients and only 20% of all deaths
occurred in this group. Furthermore, when the RIFLE-AKI definition was applied to the
97% of the cohort not fulfilling NSQIP-AKI criteria, the 35% additional patients identified
as having RIFLE-AKI had a two to five fold increase in mortality rates compared to patients
with no RIFLE-AKI with an additional 821 deaths in the 90-day period (Table 3). Although
the excess in mortality rates for patients with no NSQIP-AKI was highest among patients
with severe RIFLE-F AKI, the most death events were missed among patients with mild
(RIFLE-R, 343 deaths) and moderate RIFLE-AKI (RIFLE-I,272 deaths).

Optimal discrimination limits for postoperative changes in serum creatinine
In addition to using a predefined cut-off to define AKI we tested the association between
any postoperative changes in sCr considered as a continuous variable and the occurrence of
adverse hospital outcomes in both cohorts. Univariable logistic regression models
demonstrated a significant association between both percent and absolute changes in sCr and
all outcomes (Table 4, Figure 1A-B). Optimal discrimination limits (ODL) for percent
change in sCr in relationship to different outcomes ranged from 1.38 to 1.70 (38% to 70%
change from reference sCr) with AUC from 0.62-0.92. The ODL for absolute change in sCr
ranged from 0.21 mg/dl to 0.48 mg/dl with AUC from 0.59-0.89. Sensitivity and specificity
for the NSQIP-AKI cut-off of 2.0 mg/d was determined along the ROC curve for absolute
change in sCr model for each outcome. Although the specificity of NSQIP-AKI cut-off was
high, for all outcomes sensitivity remained low (0.05 – 0.28) and all NSQIP-AKI models
had significantly lower AUC (95% CI) in comparison to models using percent or absolute
change in sCr (P<0.05). When applied in the validation cohort all univariable models had
unhanged or significantly higher AUC (95% CI).

Multivariable logistic regression model comparison for different definitions of AKI
We constructed five multivariable logistic regression models for hospital mortality as an
outcome using different definitions for AKI (NSQIP-AKI, RIFLE-AKI, KDIGO-AKI,
absolute change in sCr and percent change in sCr) as the main independent variable (see
Statistical Analysis). Although all models showed that AKI had a significant association
with hospital mortality, the model using the NSQIP-AKI definition had a significantly lower
AUC compared to all other definitions (AUC 0.80, 95% CI 0.79-0.82, P<0.05 for difference)
(Table 5). Patients with either RIFLE-AKI or KDIGO-AKI had 10 times higher odds of
dying compared to patients without AKI. For each 10% change is sCr the odds of dying
increased by 5% (95% CI 1.04-1.06, P<0.001, AUC 0.87) while for every 0.1 mg/dl change
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in sCr the odds increased by 8% (95% CI 1.08-1.09, P<0.001, AUC 0.87). Using the same
approach we constructed multivariable logistic regression models for each postoperative
complication as an outcome. Both RIFLE-AKI and KDIGO-AKI were associated with
significantly higher odds for each of the tested complications. Changes in sCr as low as 10%
or 0.1 mg/dl were associated with increased odds for postoperative complications, with the
strongest association observed for sepsis and mechanical ventilation. AUC of models using
each of the above definitions were significantly higher than AUC of models using the
NSQIP-AKI definition for all tested outcomes (P<0.05). When applied in the validation
cohort all multivariable models had unchanged or significantly higher AUC (95% CI). The
sensitivity analyses examining the effect of two methods of assigning the RsCr value
demonstrated no significant change in model fit for each outcome regardless of which
method was used to define the RsCr (SDC Table 2). Similarly, inclusion of patients with
missing values for sCr and omission of different covariates did not affect model fit for any
of the outcomes (data not shown).

Discussion
When applied to a large single-center cohort of postoperative patients, the ACS NSQIP
definition for AKI underestimates the prevalence of AKI defined by the consensus RIFLE
criteria as it captures only 7% of all RIFLE-AKI patients. Importantly, after applying the
RIFLE-AKI definition to the 97% of patients not fulfilling NSQIP-AKI criteria, the 35%
additional patients identified with RIFLE-AKI had a fivefold increase in mortality rates
compared to patients with no RIFLE-AKI with 80% of all 90-days postoperative deaths
occurring among these patients. Hence the risk associated with less severe and more
prevalent stages of AKI is not accounted for in the current ACS NSQIP database. In
addition, for the first time our study demonstrates that the risk-adjusted association between
postoperative change in sCr and various adverse clinical outcomes is continuous and
observed at even lower cut-offs and in this cohort validates the new KDIGO-AKI definition
that expands the RIFLE criteria to include changes in sCr as low as 0.3 mg/dl (10).

The ACS NSQIP is a prospective and validated database that quantifies 30-day risk-adjusted
surgical outcomes for patients undergoing major surgical procedures using sampling
performed by a trained clinical reviewer applying predefined criteria (25). It has its roots in
the Veterans Affairs National Surgical Quality Improvement Program established in the
1990s and has proven to be an important tool for comparative measurement of the quality of
surgical care leading to improvement of surgical outcomes (25-28). The ACS NSQIP
defines postoperative AKI as “progressive renal insufficiency” defined by a rise in sCr of >2
mg/dl from a preoperative value with no requirement for RRT” or as “acute renal failure”
defined by the acute postoperative requirement for RRT, both within the 30 days of the
operation (13). In contrast, the RIFLE defines AKI as a change in sCr greater than or equal
to 50% from the RsCr (9). For patients with normal kidney function preoperatively, a 50%
increase from reference sCr would result in a change in sCr in the range of 0.3 to 0.5 mg/dl
only. For the majority of elderly patients and women whose reference sCr is expected to be
less than or equal to 0.8 mg /dl, even a threefold increase in sCr after surgery might still be
below the NSQIP cut-off of 2 mg/dl.

Prior to the introduction of the RIFLE consensus criteria in 2004, the reported prevalence of
any hospital-acquired AKI, including perioperative AKI, varied significantly from 1 to 31%
reflecting the incoherent criteria used to define AKI (29, 30). Since then RIFLE has been
validated in studies involving more than 500,000 patients from different patient populations
and an analysis of pooled data demonstrates the stepwise increase in relative risk for hospital
and long-term death with increasing AKI severity compared to non-AKI patients (2, 6, 12).
Only a fraction of the studies using RIFLE-AKI have included perioperative patients, often
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without clear discrimination between those who required intensive care unit admission and
those who did not (31, 32). In addition, the prevalence of RIFLE-AKI has been largely
dependent on the type of surgery and varies from 25% for trauma patients (12) to 50% for
patients undergoing aortic surgeries or liver transplant (32-34) and is consistent with our
report. Nonetheless, the prevalence of RIFLE-AKI is significantly higher than the reported
prevalence of AKI defined by the guidelines of the major surgical societies (35, 36) or
public surgical databases like ACS NSQIP (12, 37).

Not surprisingly, studies utilizing the ACS NSQIP dataset to describe the epidemiology of
postoperative AKI suffer the limitation of this definition, and provide a limited picture of
AKI as a serious but rare complication of surgery. Among 152 244 operations in the 2005–
2006 ACS NSQIP dataset, Keheterpal et al reported an AKI prevalence of 1% with an
eightfold increase in 30-day mortality (14). In a cohort of 84,730 patients from the ACS
NSQIP dataset who underwent inpatient general and vascular surgery, Ghaferi et al reported
an AKI prevalence between 1.2% - 1.7% (38). Our study, in contrast to these reports,
demonstrates that when properly defined AKI is one of the most prevalent perioperative
complications associated with other adverse postoperative events, an increase in resource
utilization, and both short and long term mortality (2, 6, 12, 39). This is true not only for the
most severe AKI that requires RRT but also for the whole spectrum of AKI severity
including only small changes in sCr. The most recent KDIGO consensus expanded the
RIFLE criteria to include sCr changes as small as 0.3 mg/dl (10). Our work corroborates
these findings and extends them to demonstrate that the association between sCr change and
adverse postoperative outcomes including mortality occurs through the whole continuum of
the postoperative changes in sCr.

As with any other retrospective observational analysis, our study is limited by the fact that
causal inference cannot be made and we cannot exclude bias from unmeasured factors
although we attempted to control for selection bias with multivariable statistical methods
and risk adjustment. The major strength of our study was the ability to use longitudinal
changes in sCr to define AKI rather than relying on previously established cut-offs (40). We
recognize that the addition of urine output criteria would increase the sensitivity for AKI
diagnosis but even sCr criteria in both consensus definitions outperformed NSQIP
classification in identifying patients with adverse outcomes. We assessed comorbidities and
some of the complications using previously validated criteria (21, 41). This approach relies
on accurate coding leading to potential risk underassessment. Although errors and variance
in the data may exist, we have assumed that these are randomly distributed and should not
lead to significant bias in our conclusions. Although this is a single institution report, it
comprises a large cohort of patients with morbidity and mortality that is comparable to that
reported in the literature for the same procedures, making it unlikely that the difference in
outcomes was due to surgical technique solely. The internal validity of analyses is assured
by our use of the methodology recommended by the STROBE guidelines including the use
of a validation cohort and sensitivity analyses addressing missing sCr data, selection bias
and effect of RsCr (23).

Our analyses addressed the relationship between all-cause sCr change and subsequent
adverse events. The etiology of AKI after major surgery is multifactorial and the strong
association between AKI and hospital mortality was demonstrated regardless of the etiology
of AKI (11). Although the ischemia-reperfusion model has been used to describe
postoperative AKI, recent laboratory and clinical evidence suggest that the inflammatory
milieu with associated immunological danger signals and G1 cell-cycle arrest in renal
tubular cells may be important key factors leading to AKI and perhaps in creating the
observed long-term consequences of AKI (42, 43). The strong association between sepsis
and AKI has been increasingly recognized and AKI has been recently proposed as a major
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factor that perpetuates organ dysfunction in sepsis, leading to persistent inflammation and
immunosuppression in ICU patients (44-46).

We suggest updating the ACS NSQIP definition of AKI to incorporate the well-validated
and internationally accepted consensus RIFLE or KDIGO definitions as has already been
done by the Society of Thoracic Surgeons (47). Until the common and false perception of
AKI as a rare complication that “patients die with but not of” is changed, there will be no
impetus to improve the diagnosis, treatment, and ultimately the prevention of AKI (48). Like
surgical infections and sepsis, postoperative AKI is a disease process for which ownership
regarding diagnosis and prevention should be in the hands of the intensivists, surgeons and
anesthesiologists who are the primary caregivers in the operating rooms, trauma bays and
ICUs. The profound physiological changes encountered in surgical patients occur there, and
it is in those places that we can prevent and modify this potentially catastrophic
complication by affecting processes related to our practices of surgery and surgical critical
care.

In conclusion, applying the NSQIP definition for AKI using changes in sCr, in a large
single-center cohort of surgical patients, failed to identify 93% of RIFLE-AKI patients who
experienced 80% of all 90-day deaths. Furthermore, postoperative sCr changes as low as 0.2
mg/dl or 10% changes from RsCr were associated with increased hospital morbidity and
mortality.
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Acknowledgments
We want to thank Gigi Lipori, Christine Bono and Yue Du for assistance with data retrieval.

Source of Funding: AB is supported by Award Number K23GM087709 from the National Institutes of Health
(NIH) - National Institute of General Medical Sciences and NIH and National Center for Research Resources
(NCRR) CTSA grant UL1 TR000064 and has received grant (AST-111) from Astute Medical, Inc. Meghan
Brennan was supported by the Foundation for Anesthesia Education and Research (FAER) Medical Student
Anesthesia Research Fellowship. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH or FAER.

References
1. Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in critically ill patients: a multinational,

multicenter study. JAMA. 2005; 294(7):813–818. [PubMed: 16106006]

2. Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality in acute kidney injury: A systematic
review. Kidney Int. 2008; 73(5):538–546. [PubMed: 18160961]

3. Hoste EA, Schurgers M. Epidemiology of acute kidney injury: How big is the problem? Crit Care
Med. 2008; 36(4):S146–S151. [PubMed: 18382186]

4. Barrantes F, Tian J, Vazquez R, et al. Acute kidney injury criteria predict outcomes of critically ill
patients. Crit Care Med. 2008; 36(5):1397–1403. [PubMed: 18434915]

5. Arnaoutakis GJ, Bihorac A, Martin TD, et al. RIFLE criteria for acute kidney injury in aortic arch
surgery. J Thorac Cardiovasc Surg. 2007; 134(6):1554–1561. [PubMed: 18023682]

6. Bihorac A, Yavas S, Subbiah S, et al. Long-term risk of mortality and acute kidney injury during
hospitalization after major surgery. Ann Surg. 2009; 249(5):851–858. [PubMed: 19387314]

7. Hobson CE, Yavas S, Segal MS, et al. Acute kidney injury is associated with increased long-term
mortality after cardiothoracic surgery. Circulation. 2009; 119(18):2444–2453. [PubMed: 19398670]

Bihorac et al. Page 8

Crit Care Med. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Brown JR, Cochran RP, Dacey LJ, et al. Perioperative Increases in Serum Creatinine Are Predictive
of Increased 90-Day Mortality After Coronary Artery Bypass Graft Surgery. Circulation. 2006;
114(1_suppl):I-409–413. [PubMed: 16820609]

9. Bellomo R, Ronco C, Kellum JA, et al. 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(4):R204–
212. [PubMed: 15312219]

10. KDOGI. Clinical Practice Guideline for Acute Kidney Injury: AKI Definition. Kidney inter, Suppl.
2012; 2(1):19–36.

11. Kellum JA. Acute kidney injury. Crit Care Med. 2008; 36(4):S141–S145. [PubMed: 18382185]

12. Bihorac A, Delano MJ, Schold JD, et al. Incidence, clinical predictors, genomics, and outcome of
acute kidney injury among trauma patients. Ann Surg. 2010; 252(1):158–165. [PubMed:
20562612]

13. American College of Surgeons National Surgical Quality Improvement Program. User Guide for
the 2010 Participant Use Data File. Chicago, IL: American College of Surgeons; 2010. p.
60611-3211.

14. Kheterpal S, Tremper KK, Heung M, et al. Development and validation of an acute kidney injury
risk index for patients undergoing general surgery: results from a national data set.
Anesthesiology. 2009; 110(3):505–515. [PubMed: 19212261]

15. Siew ED, Ikizler TA, Matheny ME, et al. Estimating baseline kidney function in hospitalized
patients with impaired kidney function. Clin J Am Soc Nephrol. 2012; 7(5):712–719. [PubMed:
22422536]

16. LaPar DJ, Bhamidipati CM, Mery CM, et al. Primary payer status affects mortality for major
surgical operations. Ann Surg. 2010; 252(3):544–550. discussion 550-541. [PubMed: 20647910]

17. Guller U, Hervey S, Purves H, et al. Laparoscopic versus open appendectomy: outcomes
comparison based on a large administrative database. Ann Surg. 2004; 239(1):43–52. [PubMed:
14685099]

18. Agency for Healthcare Research and Quality. [2012 April 9] Patient safety indicators: technical
specifications Ver. 4.2. 2010. Available from: http://www.qualityindicators.ahrq.gov

19. Dombrovskiy VY, Martin AA, Sunderram J, et al. Facing the challenge: decreasing case fatality
rates in severe sepsis despite increasing hospitalizations. Crit Care Med. 2005; 33(11):2555–2562.
[PubMed: 16276180]

20. Vogel TR, Dombrovskiy VY, Carson JL, et al. Postoperative sepsis in the United States. Ann Surg.
2010; 252(6):1065–1071. [PubMed: 20571363]

21. Elixhauser A, Steiner C, Harris DR, et al. Comorbidity Measures for Use with Administrative
Data. Med Care. 1998; 36(1):8–27. [PubMed: 9431328]

22. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic comorbidity in
longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–383. [PubMed:
3558716]

23. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Ann Intern
Med. 2007; 147(8):573–577. [PubMed: 17938396]

24. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated
receiver operating characteristic curves: a nonparametric approach. Biometrics. 1988; 44(3):837–
845. [PubMed: 3203132]

25. American College of Surgeons. [2013 February 25] National Surgical Quality Improvement
Program. 2002-2012. Available from: www.acsnsqip.org/

26. Shiloach M, Frencher SK Jr, Steeger JE, et al. Toward Robust Information: Data Quality and Inter-
Rater Reliability in the American College of Surgeons National Surgical Quality Improvement
Program. J Am Coll Surg. 2010; 210(1):6–16. [PubMed: 20123325]

27. Hall BL, Hamilton BH, Richards K, et al. Does Surgical Quality Improve in the American College
of Surgeons National Surgical Quality Improvement Program: An Evaluation of All Participating
Hospitals. Ann Surg. 2009; 250(3):363–376. [PubMed: 19644350]

Bihorac et al. Page 9

Crit Care Med. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.qualityindicators.ahrq.gov


28. Khuri SF, Henderson WG, Daley J, et al. The Patient Safety in Surgery Study: Background, Study
Design, and Patient Populations. J Am Coll Surg. 2007; 204(6):1089–1102. [PubMed: 17544068]

29. Hoste EA, Kellum JA. Incidence, classification, and outcomes of acute kidney injury. Contrib
Nephrol. 2007; 156:32–38. [PubMed: 17464113]

30. Ricci Z, Cruz DN, Ronco C. Classification and staging of acute kidney injury: beyond the RIFLE
and AKIN criteria. Nat Rev Nephrol. 2011; 7(4):201–208. [PubMed: 21364520]

31. Josephs SA, Thakar CV. Perioperative risk assessment, prevention, and treatment of acute kidney
injury. Int Anesthesiol Clin. 2009; 47(4):89–105. [PubMed: 19820480]

32. Borthwick E, Ferguson A. Perioperative acute kidney injury: risk factors, recognition,
management, and outcomes. BMJ. 2010; 341:c3365. [PubMed: 20603317]

33. Arnaoutakis GJ, Bihorac A, Martin TD, et al. RIFLE criteria for acute kidney injury in aortic arch
surgery. J Thorac Cardiovasc Surg. 2007; 134(6):1554–1561. [PubMed: 18023682]

34. Kundakci A, Pirat A, Komurcu O, et al. Rifle criteria for acute kidney dysfunction following liver
transplantation: incidence and risk factors. Transplant Proc. 2010; 42(10):4171–4174. [PubMed:
21168655]

35. American College of Surgeons Committee on Trauma. Resources for Optimal Care of the Injured
Patient 2006. First. Amer College of Surgeons; 2006.

36. The Society of Thoracic Surgeons STS. [02/25/2013] The Society of Thoracic Surgeons Adult
Cardiac Database. Available from: http://www.ctsnet.org

37. Brennan M, Bozorgmehri S, Hobson CE, et al. American College of Surgeons National Surgical
Quality Improvement Program underestimates the risk associated with mild and moderate
postoperative acute kidney injury. Crit Care Med. 2010; 38(12):A14.

38. Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospital mortality associated with inpatient
surgery. N Engl J Med. 2009; 361(14):1368–1375. [PubMed: 19797283]

39. Dimick JB, Chen SL, Taheri PA, et al. Hospital costs associated with surgical complications: a
report from the private-sector National Surgical Quality Improvement Program. J Am Coll Surg.
2004; 199(4):531–537. [PubMed: 15454134]

40. Mehta R, Kellum J, Shah S, et al. Acute Kidney Injury Network: report of an initiative to improve
outcomes in acute kidney injury. Critical Care. 2007; 11(2):R31. [PubMed: 17331245]

41. Martin GS, Mannino DM, Eaton S, et al. The epidemiology of sepsis in the United States from
1979 through 2000. N Engl J Med. 2003; 348:1546–1554. [PubMed: 12700374]

42. Wen X, Peng Z, Kellum JA. Pathogenesis of acute kidney injury: effects of remote tissue damage
on the kidney. Contrib Nephrol. 2011; 174:129–137. [PubMed: 21921617]

43. Kashani K, Al-Khafaji A, Ardiles T, et al. Discovery and validation of cell cycle arrest biomarkers
in human acute kidney injury. Crit Care. 2013; 17(1):R25. [PubMed: 23388612]

44. White LE, Chaudhary R, Moore LJ, et al. Surgical Sepsis and Organ Crosstalk: The Role of the
Kidney. J Surg Res. 2011; 167(2):306–315. [PubMed: 21324390]

45. Matejovic M, Chvojka J, Radej J, et al. Sepsis and acute kidney injury are bidirectional. Contrib
Nephrol. 2011; 174:78–88. [PubMed: 21921612]

46. Gentile LF, Cuenca AG, Efron PA, et al. Persistent inflammation and immunosuppression: A
common syndrome and new horizon for surgical intensive care. J Trauma Acute Care Surg. 2012;
72(6):1491–1501. [PubMed: 22695412]

47. The Society of Thoracic Surgeons (STS). [February 25 2013] Adult Cardiac Surgery Database
Training Manual, v2.73. 2012. Available from: http://www.sts.org/sites/default/files/documents/
Training%20Manual%20Update2011Nov.pdf

48. Hoste EA, De Corte W. Clinical consequences of acute kidney injury. Contrib Nephrol. 2011;
174:56–64. [PubMed: 21921609]

Bihorac et al. Page 10

Crit Care Med. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.ctsnet.org
http://www.sts.org/sites/default/files/documents/Training%20Manual%20Update2011Nov.pdf
http://www.sts.org/sites/default/files/documents/Training%20Manual%20Update2011Nov.pdf


Figure 1.
Univariate receiver operating curves with discrimination limits for A. Percent change in sCr
and in-hospital mortality (represented as ratio) and B. Absolute change in sCr and in-
hospital mortality. Sensitivity and specificity of the NSQIP-AKI discrimination limit (2.0
mg/dl) was obtained from ROC curve fit for absolute changes in sCr.
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Table 3

Prevalence of RIFLE-AKI stages and mortality rates among 27,140 patients without AKI per NSQIP
definition.

Prevalence N (%)
Hospital Mortality N

(%)
90-day Mortality N

(%)
Mortality rate/100 PM1

(95% CI)

All patients without NSQIP-AKI
(n=27140)

No RIFLE-AKI 17613 (65%) 98 (0.6%) 457 (3%) 2.5 (2.0, 3.0)

RIFLE-AKI, all stages

RIFLE-AKI Risk 5959 (22%) 162 (3%)* 343 (6%)* 6.0 (5.2, 7.0)*

RIFLE-AKI Injury 2575 (9%) 167 (6%)* 272 (11%)* 8.5 (7.3, 9.9)*

RIFLE-AKI Failure 993 (4%) 173 (17%)* 206 (21%)* 12.7 (10.9, 14.7)*

1
Mortality rate calculated as number of deaths per 100 person-months (95% Confidence Interval)

*
p-value<0.05 for comparing RIFLE-AKI stages to No RIFLE-AKI.
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