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Abstract

OBJECTIVE—To determine the incremental hospital cost and mortality associated with the 

development of postoperative acute kidney injury (AKI) and with other associated postoperative 

complications.

SUMMARY BACKGROUND DATA—Each year 1.5 million patients develop a major 

complication after surgery. Postoperative AKI is one of the most common postoperative 

complications and is associated with an increase in hospital mortality and decreased survival for 

up to 15 years after surgery.

METHODS—In a single-center cohort of 50,314 adult surgical patients undergoing major 

inpatient surgery we applied risk-adjusted regression models for cost and mortality using 

postoperative AKI and other complications as the main independent predictors. We defined AKI 

using consensus RIFLE criteria.

RESULTS—The prevalence of AKI was 39% among 50,314 patients with available serum 

creatinine. Patients with AKI were more likely to have postoperative complications and had longer 

lengths of stay in the intensive care unit and the hospital. The risk-adjusted average cost of care 

for patients undergoing surgery was $42,600 for patients with any AKI compared to $26,700 for 

patients without AKI. The risk-adjusted 90-day mortality was 6.5% for patients with any AKI 

compared to 4.4% for patients without AKI. Serious postoperative complications resulted in 

increased cost of care and mortality for all patients, but the increase was much larger for those 

patients with any degree of AKI.
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CONCLUSIONS—Hospital costs and mortality are strongly associated with postoperative AKI, 

are correlated with the severity of AKI, and are much higher for patients with other postoperative 

complications in addition to AKI.
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INTRODUCTION

In the United States, where the average American can expect to undergo seven surgical 

operations during her lifetime, each year at least 150,000 patients die and 1.5 million 

develop a major complication after surgery.1, 2 Postoperative complications cause a two-fold 

increase in 30-day mortality and are associated with long-term negative consequences, and 

thus reducing preventable complications by 20% could save thousands of lives and reduce 

costs by five billion dollars annually.3-6 Our group has demonstrated that postoperative 

acute kidney injury (AKI), defined by consensus Risk, Injury, Failure, Loss and End-Stage 

Renal Disease (RIFLE) criteria based on even small increases in routinely measured serum 

creatinine (sCr) levels, is not only one of the most common postoperative complications but 

is also associated with an up to ten fold increase in hospital mortality, decreased survival for 

up to 15 years after surgery and an increased risk for chronic kidney disease (CKD).7-11

There are few studies addressing the cost effects of AKI and its additive adverse effects on 

other postoperative complications in terms of cost and mortality.12-16 None of the studies 

which have documented the hospital costs associated with AKI have used the consensus 

RIFLE criteria for AKI, and no study has specifically examined the incremental costs 

associated with AKI as a complication of surgery in the context of other postoperative 

complications.12, 17 In a large single-center cohort of adult surgical patients with no history 

of diagnosed chronic kidney disease prior to surgery, we examine the incremental hospital 

cost and mortality associated with the development of postoperative AKI and compare them 

to that seen with other common postoperative complications.

METHODS

Data source

Using the University of Florida Integrated Data Repository we have previously assembled a 

single center cohort of perioperative patients by integrating multiple existing clinical and 

administrative databases at UF Health.18 The billing database for UF Health, established in 

1990, provides detailed information on patient demographics, outcomes, comprehensive 

hospital charges, hospital characteristics, insurance status and physician identity. 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 

codes for up to fifty diagnoses and procedures are listed for each admission. We included all 

patients admitted to the hospital for longer than 24 hours following any type of operative 

procedure between January 1, 2000 and November 30, 2010. This dataset was integrated 

with the laboratory, the pharmacy and the blood bank databases and intraoperative database 
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(Centricity Perioperative Management and Anesthesia, General Electric Healthcare, Inc.) to 

create a comprehensive perioperative database for this cohort. The study was designed and 

approved by the Institutional Review Board of the University of Florida and the University 

of Florida Privacy Office.

Participants

We identified patients with age greater or equal to 18 years admitted to the hospital for 

longer than 24 hours following any type of inpatient operative procedure between January 1, 

2000 and November 30, 2010. For patients with multiple surgeries we choose the first 

procedure. We excluded patients with CKD stage five on admission as identified by the 

previously validated ICD-9-CM diagnostic and procedure codes (n=1140)19 and those with 

missing sCr (n=6636). Using primary admission service and primary and secondary 

procedure codes we classified all surgeries as cardiothoracic surgery, non-cardiac general 

and vascular surgery, neurologic surgery, specialty surgery (including orthopedic, 

gynecological, otorhinolaryngology, urology and plastic surgeries) and other surgery 

(including burn, transplantation and trauma).

Outcomes

We applied the consensus RIFLE definition for AKI using sCr changes only without urine 

output criteria. RIFLE defines AKI using at least a 50% sCr change from a reference sCr 

(RsCr) while accounting for patients with documented CKD at admission.20 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 or as the minimum and mean of 

the sCr values available within seven days prior to admission including the admission day 

sCr (used for sensitivity analyses).21 Patients with AKI were stratified according to the 

maximum RIFLE class reached during the hospital admission by comparing the highest sCr 

during hospitalization with the RsCr. RIFLE-R corresponds to a 50% increase in sCr, 

RIFLE-I to a doubling in sCr and RIFLE-F to a tripling in sCr compared to RsCr. Patient 

survival status was determined using hospital discharges and the Social Security Death 

Index to calculate hospital and 90-day mortality. We defined postoperative complications 

using previously described criteria (Supplemental digital content (SDC) Table 1).22, 23 We 

followed the criteria of the Agency for Healthcare Research and Quality for the patient 

safety indicator “Postoperative Sepsis”.24 Organ failure associated with sepsis was identified 

by adding ICD-9-CM codes for acute organ dysfunction.25 The exact dates were used to 

calculate the duration of mechanical ventilation (MV), intensive care unit (ICU), renal 

replacement therapy (RRT) and hospital stay. We determined need for vasopressor therapy 

for longer than 24 hours for each patient using administration times and doses from the 

pharmacy database. All performed procedures and hospital charges were obtained from the 

billing database. The presence of underlying comorbidities was identified by ICD-9-CM 

codes based on previously validated criteria.26 We calculated the Charlson-Deyo 

comorbidity score and grouped patients into score categories of 0, 1-2, 3-4 and ≥5.27 Cost of 

hospitalization was estimated by applying the ratio of cost-to-charge for urban hospitals in 

the South Atlantic division to the amount charged for each hospitalization.28 We converted 

all costs to 2012 dollars using the Consumer Price Index for Medical Services to adjust for 

inflation over the years.
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Statistical Analysis

The analytical plan followed the STROBE recommendations for observational cohort 

studies.29 The Pearson χ2 test or Fisher's exact test was used to test independence between 

categorical variables. To compare continuous variables with normal distribution we used 

Student's T-test or analysis of variance, whereas for those not satisfying the normality 

assumptions we reported medians and 25th and 75th percentiles and compared them using 

the Kruskal-Wallis test.

We constructed multivariable risk-adjusted models for cost, mortality and length of stay 

(LOS) using AKI and postoperative complications as the main independent predictors. Each 

model was additionally adjusted for preoperative covariates including age, gender, ethnicity, 

primary payer, number of comorbidities, surgery type, emergent surgery status, and 

weekend admission. We selected explanatory variables based on their significance in a prior 

univariate analysis and any previously reported association in the literature. Logarithmic 

transformation of cost and LOS were used to account for the skewness of the distribution. 

For each postoperative complication we calculated risk-adjusted incremental and average 

cost and mortality rates with 95% confidence intervals (CI) using generalized linear 

models 30 and compare them between patients with and without AKI. The exponentiated 

coefficients associated with each postoperative complication were used to calculate risk-

adjusted relative cost and mortality ratios comparing patients with a postoperative 

complication to patients without the complication. Standard errors were calculated using the 

smearing estimate to adjust for bias due to transformation of cost to original scale.31 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. All significance tests were two-sided with α<0.05 

considered statistically significant. Statistical analyses were performed with SAS (v.9.3, 

Cary, N.C.).

RESULTS

Baseline characteristics and resource utilization

The overall prevalence of postoperative AKI was 39% (19,644/50,314) among patients who 

had sCr measurements. Among 6636 patients for whom sCr was not available less than 1% 

developed postoperative complications and only one death (0.02%) in 90-days follow-up 

was encountered. The majority of the patients had mild to moderate AKI (RIFLE-R 

10,160/19,644 and RIFLE-I 4,855/19,644). Only 24% (4,629/19,644) of all AKI patients 

reached the RIFLE Failure stage and 9% required RRT (1,744/19,644). Patients with AKI 

were more likely to be older, male and of African-American ethnicity (Table 1). AKI was 

more frequent among emergent surgical cases and for those patients admitted on weekends. 

Patients with Medicare as their primary insurance were significantly more likely to develop 

AKI (45.1% with AKI vs. 34.6% with no AKI). Patients with no presenting comorbidity 

(Charlson-Deyo Comorbidity Score 0) were less likely to develop AKI (24.2% with AKI vs. 

44.8% with no AKI), while patients with any degree of presenting comorbidity and 

especially those with documented CKD on admission were more likely to develop AKI.
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Only 19% (3,723/19,644) of AKI patients did not develop other postoperative complications 

as compared to 50% (15,426/30,670) of patients without AKI. Patients with AKI were more 

likely to develop any of the postoperative complications compared to those with no AKI 

(Table 1). Median lengths of stay in both the ICU (6 days vs. 2 days) and hospital (12 days 

vs. 5 days) were longer for patients who developed AKI compared to those patients with no 

AKI. Patients who developed AKI were almost twice as likely to be admitted to an ICU at 

some point during their hospitalizations compared to patients with no AKI (74.1% vs. 

38.1%). Patients with AKI were much more likely to have spent any time on mechanical 

ventilation (47.7% vs. 11.4%), they spent more total days on the ventilator (5 days vs. 2 

days), and they were much more likely to suffer prolonged mechanical ventilation (defined 

as ≥ 2 weeks, 16.3% vs. 1.6%) compared to patients with no AKI. The resource utilization in 

ICU including use of invasive monitoring, blood products and vasopressors was 

significantly higher among AKI patients. Patients who developed AKI were significantly 

less likely to be discharged to home (65.8% vs. 83.4%) compared to patients who did not 

develop AKI (SDC Table 2 and 3).

AKI and Hospital Cost

Unadjusted median hospital costs for patients who did and did not develop AKI were 

$38,000 and $14,000 respectively (SDC Table 2). After adjusting for other explanatory 

variables, patients with any AKI still had hospitals costs that were 159% of the costs for 

patients without AKI (Table 2). Patients with RIFLE-R AKI had costs that were 44% higher, 

those with RIFLE-I AKI had costs that were 88% higher, and patients with RIFLE-F AKI 

had costs that were over twice as high as the costs for patients without AKI. These relative 

cost increases were associated with a risk-adjusted additional cost of $15,800 for patients 

with any AKI compared to patients with no AKI. Patients with RIFLE-R AKI had an 

additional cost of $10,700, those with RIFLE-I AKI had an additional cost of $21,400, and 

patients with RIFLE-F AKI had an additional cost of $38,200 compared to patients with no 

AKI. The risk adjusted average cost of care for patients undergoing surgery was $26,700 for 

patients with no AKI and $42,600 for patients with any AKI.

Serious postoperative complications resulted in increased cost of care across all patients, but 

the increase was much larger for those patients with any degree of AKI (Table 3). For 

patients with no AKI the risk-adjusted incremental cost increase for postoperative 

complications ranged from $1,900 for wound complications to $11,000 for pulmonary 

complications. This resulted in a risk-adjusted average cost for patients with no AKI which 

ranged from $20,300 for patients with wound complications to $29,000 for patients with 

severe sepsis. Patients with any degree of AKI had risk-adjusted incremental cost increases 

ranging from $12,100 for neurological complications to $47,700 for patients who developed 

severe sepsis. This resulted in a risk-adjusted average cost for patients with any AKI which 

ranged from $74,300 for patients with neurological complications to $103,200 for patients 

with severe sepsis.

AKI and Mortality

Patients who developed postoperative AKI had significantly higher unadjusted hospital 

mortality (8.8% vs. 0.6%) and 90-day mortality (11.3% vs. 2.2%) compared to patients with 
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no AKI (SDC Table 2). After adjusting for other explanatory variables, patients with any 

AKI had an increased relative risk for 90 day and hospital mortality (1.65 and 2.38) 

compared to patients without AKI (Table 4). The relative risk for 90 day and hospital 

mortality increased with increasing RIFLE AKI stage (1.30 and 1.71 for RIFLE-R AKI, 1.88 

and 2.33 for RIFLE-I AKI, and 3.49 and 5.53 for RIFLE-F AKI). These increased relative 

risks resulted in increased adjusted 90-day mortality (6.5% vs. 4.4%) and increased adjusted 

hospital mortality (4.2% vs. 2.1%) for patients with any AKI compared to patients with no 

AKI.

Serious postoperative complications resulted in increased mortality rates across all patients, 

and the increase was much larger for patients with any degree of AKI (Table 5). For patients 

with no AKI the risk-adjusted 90-day mortality associated with postoperative complications 

ranged from 1.0% for mechanical wound complications and surgical infections to 6.1% 

severe sepsis. For patients with AKI the risk-adjusted 90-day mortality associated with 

postoperative complications ranged from 9.7% for patients with mechanical wound 

complications and surgical infections to 21.2% for patients with severe sepsis. Risk-adjusted 

hospital mortality was less than 90-day mortality for all patients but followed a similar 

pattern.

We examined adjusted mean length of stay and costs for patients with and without AKI, 

who did and did not survive past 90 days after surgery, and stratified the results based on 

patient age by decade and need for renal replacement therapy (Table 6 and Figure 1A). At 

all ages the median costs were much highest for patients with AKI who died, followed by 

patients with AKI who survived, followed by patients with no AKI both survivors and those 

who died. The trend was for lower adjusted mean costs with advancing age. The AKI was 

associated with 10 days longer hospital stay in non-survivors and 5.5 days among survivors 

even after adjusting for all other covariates. The risk-adjusted increase in length of stay was 

proportional to AKI severity and for all AKI stages was higher among non-survivors. 

Among non-survivors, RIFLE-F patients with RRT compared to those without RRT had 

incremental cost of $22,000 without concomitant increase in risk-adjusted LOS. We also 

examined the adjusted cumulative incremental cost of individual postoperative 

complications, stratified by AKI (Figure 1B). While all complications were associated with 

higher costs, pulmonary and cardiovascular complications were associated with much higher 

costs for those patients with AKI compared to those with no AKI.

The sensitivity analyses examining the effect of two methods of assigning the RsCr value 

demonstrated no significant change in model fit for each outcome. Similarly, inclusion of 

patients with missing values for sCr and omission of different covariates did not affect any 

of the reported outcomes (data not shown).

DISCUSSION

Acute kidney injury is a common postoperative complication, whose pervasiveness has been 

more appreciated recently with the adoption of standardized reporting of minimal injury by 

the consensus definitions of the RIFLE criteria. Multiple recent studies have shown that 

patients who have AKI tend to have higher short and long term mortality rates than those 
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patients without AKI.7-11 While few studies have examined the costs associated with AKI, 

one landmark study of AKI diagnosed in the hospital, published shortly before the adoption 

of the RIFLE criteria, estimated that one episode of hospital-based AKI resulted in nearly 

$7500 in excess costs and that hospital-based AKI resulted in annual expenditures which 

exceed $10 billion.16 In a large single-center cohort of adult surgical patients we examined 

the incremental hospital cost and mortality associated with the development of postoperative 

acute kidney injury and with other associated postoperative complications. Using risk-

adjusted models for cost and mortality, with postoperative complications as the main 

independent predictors, we show that postoperative AKI is associated with significant and 

independent increases in hospital cost and both hospital and 90 day mortality, and that those 

increases are larger with more severe AKI. We also show that patients with any AKI and 

other common postoperative complications have much higher hospital costs and a much 

higher risk of both in-hospital and 90 day mortality compared to patients with those 

complications but without AKI.

This study adds to the growing body of work showing an association between even small 

changes in serum creatinine after surgery and worse outcomes. Observational studies cannot 

provide a causal link between AKI and associated outcomes, especially for a condition like 

AKI which is often associated with other critical illnesses and multiorgan dysfunction.32 

However AKI is no longer viewed as an indicator of overall severity of illness, but rather as 

an important complication with significant independent effects on outcomes such that 

“patients die because of AKI rather than with AKI”.33 Physiologic derangements in AKI, 

including decreased free water clearance, volume overload,34, 35 acid-base disorders and 

electrolyte abnormalities interfere with the normal functioning of many bodily processes 

including the recovery of kidney function. AKI is characterized by local and systemic 

inflammatory reactions, where locally produced cytokines mediate AKI and concomitantly 

exert distant organ injury through their systemic release from the renal tubular cells.36, 37 

Patients with AKI not only have an increased prevalence of infection but inadequate 

antimicrobial dosing plays an important role in the morbidity of AKI.33, 38

Previous work has shown that postoperative complications are more important than 

preoperative risks and intraoperative factors in determining short and long term survival 

after surgery.39 By demonstrating the significant interaction between AKI and other 

postoperative complications in the costs and mortality after surgery we aim to raise the 

awareness of the individual provider of the importance of screening to identify surgical 

patients who are at risk for postoperative AKI, and of the need for appropriate perioperative 

and postoperative management of those patients to minimize their chance for AKI. The 

observed tremendous increase in cost and mortality resulting from the concomitant 

occurrence of AKI and other postoperative complications should provide impetus to the 

systemic efforts to find more effective ways to prevent postoperative AKI and eventually to 

treat it once it occurs. The development of clinical quality improvement tools to incorporate 

widespread adoption of recent guidelines40 and further research into the early risk 

stratification of postoperative acute kidney injury are warranted.

This study has some limitations. The retrospective nature of this study design makes 

selection bias one potential concern. The large and representative sampling of our database 
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likely minimizes the effect of selection bias. It is possible that, despite our attempts to adjust 

for all possible confounders, we may not have measured some variables that contribute to 

the size of the associations that we demonstrate. In particular the use of the Charlson-Deyo 

comorbidity score may not capture the severity of patient comorbidities. As with any 

administrative database there is the potential for incorrect reporting of procedure and cost 

codes. Our cohort included patients undergoing inpatient surgery with at least 24 hour 

admission thus likely represents population with more comorbidities and more high-risk 

surgeries and may not be applicable to the patients undergoing outpatient or same-day 

inpatient surgeries. Although sCr was not available for 10% of the cohort the sensitivity 

analyses including these patients in regression models demonstrated no effect on reported 

results. We estimated hospital cost from hospital charges which depends upon accurate 

coding and accurate capture in the billing database. Inaccurate or uncaptured costs in the 

database could result in true costs that are higher than those that we report, while overcoding 

could result in true costs lower than those that we report. Our cost analysis does not reflect 

other costs to society related to AKI, such as lost wages for the patient, disability 

compensation, and the opportunity costs to the hospital associated with the provision of care 

for the patient with AKI.

Despite these limitations, our study shows that hospital costs and mortality are strongly 

associated with postoperative AKI, are correlated with the severity of AKI, and are much 

higher for patients with other postoperative complications in addition to AKI. Given the 

financial and human costs associated with postoperative AKI, there is a critical need for 

strategies to better identify those patients at risk for postoperative AKI, to better manage 

those patients towards preventing AKI, and finally to treat AKI once it occurs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A. Risk-adjusted average cost for patients stratified by 90 day survival, occurrence of acute 

kidney injury and age. Abbreviations: AKI, Acute kidney injury; SE, standard error. Figure 

1.B. Risk-adjusted cumulative incremental cost of postoperative complications stratified by 

occurrence of acute kidney injury. Abbreviations: AKI, Acute kidney injury; No PC, No 

postoperative complications; PC/MV, Pulmonary complications and/or mechanical 

ventilation; CV, Cardiovascular complications and/or need for vasopressors; SS, Severe 

sepsis; NC, Neurological complications and/or delirium; VTE, Venous thromboembolism; 

WC, Mechanical wound complications and surgical infections; GI, Gastrointestinal 

complications.
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Table 1

Clinical characteristics for all patients stratified by the occurrence of acute kidney injury.

Variables Overall (n=50314) No Acute kidney injury 
(n=30670)

Acute kidney injury 
(n=19644)

Age (years), Mean (SD) 55 (17) 54 (17)
57 (17)

a

Female sex, n (%) 24668 (49.0) 15536 (50.7)
9132 (46.5)

b

African-American ethnicity, n (%) 6182 (12.3) 3554 (11.6)
2628 (13.4)

b

Rural area residency, n (%) 16097 (32.1) 9922 (32.4)
6175 (31.6)

b

Annual Income (1000$), median (25th, 75th) 33 (28, 40) 34 (28, 40) 33 (29, 40)

Primary Insurance, n (%)

    Medicare 19467 (38.7) 10610 (34.6)
8857 (45.1)

b

    Medicaid 6517 (13.0) 3942 (12.9) 2575 (13.1)

    Private 20591 (40.9) 13527 (44.1)
7064 (36.0)

b

    No insurance 3739 (7.4) 2591 (8.5)
1148 (5.8)

b

Weekend admission, n (%) 6881 (13.7) 3431 (11.2)
3450 (17.6)

b

Weekend discharge, n (%) 10312 (20.5) 7082 (23.1)
3230 (16.4)

b

Emergency admission, n (%) 22818 (45.4) 11331 (36.9)
11487 (58.5)

b

Initial admission to medicine service, n (%) 5664 (11.3) 2056 (6.7)
3608 (18.4)

b

Charlson-Deyo Comorbidity Score, n (%)

    0 18490 (36.8) 13732 (44.8)
4758 (24.2)

b

    1-2 19398 (38.6) 11240 (36.7)
8158 (41.5)

b

    3-4 7023 (14.0) 2873 (9.4)
4150 (21.1)

b

    ≥ 5 5403 (10.7) 2825 (9.2)
2578 (13.1)

b

Chronic kidney disease stages 1 to 4 4085 (8.1) 484 (1.6)
3601 (18.3)

b

Surgery type

    Cardiothoracic Surgery 6755 (13.4) 2747 (9.0)
4008 (20.4)

b

    Non-Cardiac General and Vascular Surgery 10741 (21.4) 6349 (20.7)
4392 (22.4) 

b

    Neurologic Surgery 8385 (16.7) 5895 (19.2)
2490 (12.7) 

b

    Specialty Surgery
c 15229 (30.3) 11467 (37.4)

3762 (19.2) 
b

    Other Surgery
d 9204 (18.3) 4212 (13.7)

4992 (25.4) 
b

Postoperative complications, n (%)

Acute kidney injury 19644 (39.0)

Pulmonary complications and/or mechanical ventilation 15526 (30.9) 4932 (16.1)
10594 (53.9)

a

Cardiovascular complications and/or need for vasopressors 11786 (23.4) 3738 (12.2)
8048 (41.0)

a

Procedural complications 4099 (8.2) 1567 (5.1) 2532 (12.9)
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Variables Overall (n=50314) No Acute kidney injury 
(n=30670)

Acute kidney injury 
(n=19644)

Neurological complications and/or delirium 4037 (8.0) 1570 (5.1)
3467 (12.6)

a

Mechanical wound complications and surgical infections 2390 (4.8) 876 (2.9)
1514 (7.7)

a

Severe sepsis 2302 (4.6) 65 (0.2)
2237 (11.4)

a

Gastrointestinal complications 1595 (3.2) 619 (2.1)
976 (5.0)

a

Venous thromboembolism 1448 (2.9) 308 (1.0)
1140 (5.8)

a

a
P<0.05 using Kruskal-Wallis to compare to no acute kidney injury group.

b
P<0.05 using Pearson χ2 test or Fisher's exact test to compare to no acute kidney injury group.

c
Other surgeries include trauma, burn and transplant surgeries.

d
Specialty surgeries include orthopedic, gynecologic, urologic, plastic and otorhinolaryngology surgeries.
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