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D egenerative arthritis is a widespread chronic condition 
with an incidence of almost 43 million and annual 
health care costs of $60 billion in the United States 

alone.1 Although many cases can be managed symptomatically 
with medical therapy and intra-articular injections,2 many 
patients experience disease progression resulting in decreased 
ambulatory ability and work productivity. For these patients, 

elective hip and knee arthroplasties can drastically improve 
quality of life and functionality.3,4 Over the past decade, there 
has been a marked increase in the number of primary and revi-
sion total hip and knee arthroplasties performed in the United 
States. By 2030, the demand for primary total hip arthroplasties 
will grow an estimated 174%, to 572,000 procedures. Like-
wise, the demand for primary total knee arthroplasties is pro-
jected to grow by 673%, to 3.48 million procedures.5 However, 
though better surgical techniques and technology have led to 
improved functional outcomes, there is still substantial risk 
for complications in the perioperative period, especially in 
the geriatric population, in which substantial comorbidities 
are common.6-9

Acute kidney injury (AKI) is a common public health prob-
lem in hospitalized patients and in patients undergoing proce-
dures. More than one-third of all AKI cases occur in surgical 
settings.10,11 Over the past decade, both community-acquired 
and in-hospital AKIs rapidly increased in incidence in all ma-
jor clinical settings.12-14 Patients with AKI have high rates of 
adverse outcomes during hospitalization and discharge.11,15 
Sequelae of AKIs include worsening chronic kidney disease 
(CKD) and progression to end-stage renal disease, necessitat-
ing either long-term dialysis or transplantation.12 This in turn 
leads to exacerbated disability, diminished quality of life, and 
disproportionate burden on health care resources. 

Much of our knowledge about postoperative AKI has been 
derived from cardiovascular, thoracic, and abdominal surgery 
settings. However, there is a paucity of data on epidemiology 
and trends for either AKI or associated outcomes in patients 
undergoing major orthopedic surgery. The few studies to date 
either were single-center or had inadequate sample sizes for 
appropriately powered analysis of the risk factors and outcomes 
related to AKI.16

In the study reported here, we analyzed a large cohort of 
patients from a nationwide multicenter database to determine 
the incidence of and risk factors for AKI. We also examined 
the mortality and adverse discharges associated with AKI after 
major joint surgery. Lastly, we assessed temporal trends in 

Abstract
Over the past decade, there has been a marked in-
crease in the number of primary and revision total hip 
and knee arthroplasties performed in the United States. 
Acute kidney injury (AKI) is a common complication of 
these procedures; however, little is known about its 
epidemiology in the elective arthroplasty population.

We conducted a study to determine the incidence, 
risk factors, and outcomes of AKI after elective joint 
arthroplasty. Drawing on the Nationwide Inpatient 
Sample database, we found that the proportion of 
hospitalizations complicated by AKI increased rapidly 
from 0.5% in 2002 to 1.8% to 1.9% in 2012. Multi-
variate analysis revealed that the key risk factors for 
AKI were chronic kidney disease and the postopera-
tive events of sepsis, acute myocardial infarction, and 
blood transfusion. Moreover, codiagnosis with chronic 
kidney disease increased the risk for AKI associated 
with all 3 postoperative events. After adjusting for con-
founders, we found an association between AKI and a 
significantly increased risk for in-hospital mortality and 
discharge to long-term facilities. 

AKI serves as an important quality indicator in elec-
tive hip and knee surgeries. With elective arthroplasties 
expected to rise, carefully planned approach to inter-
disciplinary perioperative care is essential to reduce 
both the risk and consequences of AKI.
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both incidence and outcomes of AKI, including the death risk 
attributable to AKI. 

Methods
Database
We extracted our study cohort from the Nationwide Inpatient 
Sample (NIS) and the National Inpatient Sample of Healthcare 
Cost and Utilization Project (HCUP) compiled by the Agency 
for Healthcare Research and Quality.17 NIS, the largest inpatient 
care database in the United States, stores data from almost  
8 million stays in about 1000 hospitals across the country each 
year. Its participating hospital pool consists of about 20% of US 
community hospitals, resulting in a sampling frame compris-
ing about 90% of all hospital discharges in the United States. 
This allows for calculation of precise, weighted nationwide 
estimates. Data elements within NIS are drawn from hospital 
discharge abstracts that indicate all procedures performed. NIS 
also stores information on patient characteristics, length of stay 
(LOS), discharge disposition, postoperative morbidity, and 
observed in-hospital mortality. However, it stores no informa-
tion on long-term follow-up or complications after discharge.

Data Analysis
For the period 2002–2012, we queried the NIS database for hip 
and knee arthroplasties with primary diagnosis codes for os-
teoarthritis and secondary codes for AKI. We excluded patients 
under age 18 years and patients with diagnosis codes for hip 
and knee fracture/necrosis, inflammatory/infectious arthri-
tis, or bone neoplasms (Table 1). We then extracted baseline 
characteristics of the study population. Patient-level character-
istics included age, sex, race, quartile classification of median 
household income according to postal (ZIP) code, and primary 
payer (Medicare/Medicaid, private insurance, self-pay, no 
charge). Hospital-level characteristics included hospital loca-
tion (urban, rural), hospital bed size (small, medium, large), 
region (Northeast, Midwest/North Central, South, West), and 
teaching status. We defined illness severity and likelihood 
of death using Deyo’s modification of the Charlson Comor-
bidity Index (CCI), which draws on principal and secondary 
ICD-9-CM (International Classification of Diseases, Ninth Revision-Clinical 
Modification) diagnosis codes, procedure codes, and patient de-
mographics to estimate a patient’s mortality risk. This method 
reliably predicts mortality and readmission in the orthopedic 
population.18,19 We assessed the effect of AKI on 4 outcomes, 
including in-hospital mortality, discharge disposition, LOS, 
and cost of stay. Discharge disposition was grouped by either 
(a) home or short-term facility or (b) adverse discharge. Home 
or short-term facility covered routine, short-term hospital, 
against medical advice, home intravenous provider, another 
rehabilitation facility, another institution for outpatient ser-
vices, institution for outpatient services, discharged alive, and 
destination unknown; adverse discharge covered skilled nurs-
ing facility, intermediate care, hospice home, hospice medical 
facility, long-term care hospital, and certified nursing facility. 
This dichotomization of discharge disposition is often used in 
studies of NIS data.20

Statistical Analyses
We compared the baseline characteristics of hospitalized pa-
tients with and without AKI. To test for significance, we used 
the χ2 test for categorical variables, the Student t test for nor-
mally distributed continuous variables, the Wilcoxon rank 
sum test for non-normally distributed continuous variables, 
and the Cochran-Armitage test for trends in AKI incidence. 
We used survey logistic regression models to calculate adjusted 
odds ratios (ORs) with 95% confidence intervals (95% CIs) 
in order to estimate the predictors of AKI and the impact of 
AKI on hospital outcomes. We constructed final models after 
adjusting for confounders, testing for potential interactions, 
and ensuring no multicolinearity between covariates. Last, 
we computed the risk proportion of death attributable to AKI, 
indicating the proportion of deaths that could potentially be 
avoided if AKI and its complications were abrogated.21

We performed all statistical analyses with SAS Version 9.3 
(SAS Institute) using designated weight values to produce 
weighted national estimates. The threshold for statistical  

Table 1. ICD-9-CM Codes for Joint Arthroplasty, 
Surgery Indication, and Postoperative Acute 
Kidney Injury

Classification Code(s)

Procedure
   Total hip replacement
   Partial hip replacement
   Revision of hip replacement, not otherwise specified
   Total knee replacement
   Revision of knee replacement, not otherwise specified

81.51
81.52
81.53
81.54
81.55

Diagnosis—inclusion
   Osteoarthritis
   Acute kidney injury

715.xx
584.xx

Diagnosis—exclusion
   Malignant neoplasm of bone and articular cartilage
   �Rheumatoid arthritis and other inflammatory polyarthro- 

   pathies
   Other and unspecified arthropathies
   Internal derangement of knee
   Other derangement of joint
   Other and unspecified disorders of joint
   Peripheral enthesopathies and allied syndromes
   Other disorders of soft tissues
   �Osteomyelitis, periostitis, and other infections involving  

   bone
   Other disorders of bone and cartilage
   Certain congenital musculoskeletal deformities
   Other congenital anomalies of limbs
   Other congenital musculoskeletal anomalies
   Other and unspecified congenital anomalies
   Fracture of pelvis
   Fracture of neck of femur
   Fracture of patella
   Fracture of tibia and fibula
   Dislocation of hip
   Dislocation of knee
   Crushing injury of lower limb

170.xx
 

714.xx
716.xx
717.xx
718.xx
719.xx
726.xx
729.xx

 
730.xx
733.xx
754.xx
755.xx
756.xx
759.xx
808.xx
820.xx
822.xx
823.xx
835.xx
836.xx
928.xx

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical 
Modification.
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significance was set at P < .01 (with ORs and 95% CIs that 
excluded 1).

Results
AKI Incidence, Risk Factors, and Trends
We identified 7,235,251 patients who underwent elective 
hip or knee arthroplasty for osteoarthritis between 2002 and 
2012—an estimate consistent with data from the Centers for 
Disease Control and Prevention.22 Of that total, 94,367 (1.3%) 
had AKI. The proportion of discharges diagnosed with AKI 
increased rapidly over the decade, from 0.5% in 2002 to 1.8% 
to 1.9% in the period 2010–2012. This upward trend was highly 
significant (Ptrend < .001) (Figure 1). Patients with AKI (vs pa-
tients without AKI) were more likely to be older (mean age, 
70 vs 66 years; P < .001), male (50.8% vs 38.4%; P < .001), 
and black (10.07% vs 5.15%; P <. 001). They were also found 
to have a significantly higher comorbidity score (mean CCI, 
2.8 vs 1.5; P < .001) and higher proportions of comorbidities, 
including hypertension, CKD, atrial fibrillation, diabetes mel-
litus (DM), congestive heart failure, chronic liver disease, and 
hepatitis C virus infection. In addition, AKI was associated with 
perioperative myocardial infarction (MI), sepsis, cardiac cath-
eterization, and blood transfusion. Regarding socioeconomic 
characteristics, patients with AKI were more likely to have 
Medicare/Medicaid insurance (72.26% vs 58.06%; P < .001) 
and to belong to the extremes of income categories (Table 2).

Using multivariable logistic regression, we found that in-
creased age (1.11 increase in adjusted OR for every year older; 
95% CI, 1.09-1.14; P < .001), male sex (adjusted OR, 1.65; 95% 
CI, 1.60-1.71; P < .001), and black race (adjusted OR, 1.57; 
95% CI, 1.45-1.69; P < .001) were significantly associated with 
postoperative AKI. Regarding comorbidities, baseline CKD 
(adjusted OR, 8.64; 95% CI, 8.14-9.18; P < .001) and congestive 
heart failure (adjusted OR, 2.74; 95% CI, 2.57-2.92; P < .0001) 
were most significantly associated with AKI. Perioperative 
events, including sepsis (adjusted OR, 35.64; 95% CI, 30.28-
41.96; P < .0001), MI (adjusted OR, 6.14; 95% CI, 5.17-7.28;  

P < .0001), and blood transfusion (adjusted OR, 2.28; 95% 
CI, 2.15-2.42; P < .0001), were also strongly associated with 
postoperative AKI. Last, compared with urban hospitals and 
small hospital bed size, rural hospitals (adjusted OR, 0.70; 
95% CI, 0.60-0.81; P < .001) and large bed size (adjusted OR, 
0.82; 95% CI, 0.70-0.93; P = .003) were associated with lower 
probability of developing AKI (Table 3).

Figure 2 elucidates the frequency of AKI based on a com-
bination of key preoperative comorbid conditions and postop-
erative complications—demonstrating that the proportion of 
AKI cases associated with other postoperative complications 
is significantly higher in the CKD and concomitant DM/CKD 
patient populations. Patients hospitalized with CKD exhibited 
higher rates of AKI in cases involving blood transfusion (20.9% 
vs 1.8%; P < .001), acute MI (48.9% vs 13.8%; P < .001), and 
sepsis (74.7% vs 36.3%; P < .001) relative to patients without 
CKD. Similarly, patients with concomitant DM/CKD exhibited 
higher rates of AKI in cases involving blood transfusion (23% 
vs 1.9%; P < .001), acute MI (51.1% vs 12.1%; P < .001), and 
sepsis (75% vs 38.2%; P < .001) relative to patients without ei-
ther condition. However, patients hospitalized with DM alone 
exhibited only marginally higher rates of AKI in cases involving 
blood transfusion (4.7% vs 2%; P < .01) and acute MI (19.2% 
vs 16.7%; P < .01) and a lower rate in cases involving sepsis 
(38.2% vs 41.7%; P < .01) relative to patients without DM. 
These data suggest that CKD is the most significant clinically 
relevant risk factor for AKI and that CKD may synergize with 
DM to raise the risk for AKI.

Outcomes
We then analyzed the impact of AKI on hospital outcomes, 
including in-hospital mortality, discharge disposition, LOS, 
and cost of care. Mortality was significantly higher in pa-
tients with AKI than in patients without it (2.08% vs 0.06%;  
P < .001). Even after adjusting for confounders (eg, demo-
graphics, comorbidity burden, perioperative sepsis, hospital-
level characteristics), AKI was still associated with strikingly 
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Figure 1. Temporal trend (2002–2012) of elective hip and knee arthroplasties complicated by acute kidney injury. Green line denotes 
upward linear trend in acute kidney injury.
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higher odds of in-hospital death (adjusted OR, 11.32; 95% CI, 
9.34-13.74; P < .001). However, analysis of temporal trends 
indicated that the odds for adjusted mortality associated with 
AKI decreased from 18.09 to 9.45 (Ptrend = .01) over the period 
2002–2012 (Figure 3). This decrease in odds of death was coun-

tered by an increase in incidence of AKI, resulting in a stable 
attributable risk proportion (97.9% in 2002 to 97.3% in 2012;  
Ptrend = .90) (Table 4). Regarding discharge disposition, pa-
tients with AKI were much less likely to be discharged home 
(41.35% vs 62.59%; P < .001) and more likely to be discharged 
to long-term care (56.37% vs 37.03%; P < .001). After adjust-
ment for confounders, AKI was associated with significantly 
increased odds of adverse discharge (adjusted OR, 2.24; 95% 
CI, 2.12-2.36; P < .001). Analysis of temporal trends revealed 
no appreciable decrease in the adjusted odds of adverse dis-
charge between 2002 (adjusted OR, 1.87; 95% CI, 1.37-2.55;  
P < .001) and 2012 (adjusted OR, 1.93; 95% CI, 1.76-2.11;  
P < .001) (Figure 4, Table 5). Last, both mean LOS (5 days vs  
3 days; P < .001) and mean cost of hospitalization  
(US $22,269 vs $15,757; P < .001) were significantly higher  
in patients with AKI.

Discussion
In this study, we found that the incidence of AKI among hos-
pitalized patients increased 4-fold between 2002 and 2012. 
Moreover, we identified numerous patient-specific, hospital-
specific, perioperative risk factors for AKI. Most important, we 
found that AKI was associated with a strikingly higher risk of 
in-hospital death, and surviving patients were more likely to 

Table 3. Significant Predictors of Developing 
Acute Kidney Injury After Elective Hip or Knee 
Arthroplasty

Adjusted OR (95% CI) P

Patient demographics
   Age
   Sex
      Female
      Male
   Race
      White
      African American
      Hispanic/Latino
      Other/missing

1.11 (1.09-1.14)

1 (reference)
1.65 (1.60-1.71)

1 (reference)
1.57 (1.45-1.69)
0.99 (0.89-1.10)
0.95 (0.84-1.07)

—

—
<.0001

—
<.0001

.795

.378

Perioperative factors
   Postoperative sepsis
   Blood transfusion
   Acute myocardial infarction

35.64 (30.28-41.96)
2.28 (2.15-2.42)
6.14 (5.17-7.28)

<.0001
<.0001
<.0001

Patient comorbidities
   Chronic kidney disease
   Congestive heart failure
   Chronic liver disease
   Hypertension
   Diabetes mellitus
   Atrial fibrillation
   Hepatitis C virus infection

8.64 (8.14-9.18)
2.74 (2.57-2.92)
2.24 (1.80-2.79)
1.86 (1.76-1.97)
1.64 (1.57-1.70)
1.50 (1.42-1.59)
1.36 (1.11-1.66)

<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

.002

Hospital-level factors
   Urban
   Rural
   Small bed size
   Large bed size

1 (reference)
0.70 (0.60-0.81)

1 (reference)
0.82 (0.70-0.93)

—
<.001

—
.003

Abbreviations: CI, confidence interval; OR, odds ratio.

Table 2. Demographics and Comorbidities of 
Patients With and Without Acute Kidney Injurya

Acute Kidney Injury

Yes No

(n = 94,367) (n = 7,140,884)

Age
   Mean (SE) age, y
   Age group, %
   18-34 y
   35-49 y
   50-64 y
   ≥65 y

69.95 (0.09)

0.05
1.92

25.98
71.55

66.34 (0.05)

0.23
4.85

35.85
57.97

Sex, %
   Male
   Female

50.81
49.19

38.37
61.43

Race, %
   White
   Black
   Hispanic
   Other/unknown

65.79
10.07
3.41

20.73

67.23
5.15
3.46
24.15

Deyo’s modified CCI, mean (SE)
   0
   1
   ≥2

2.8 (0.03)
30.09
26.44
43.47

1.5 (0.02)
65.31
25.77
8.92

Concurrent diagnosis
   Hypertension
   Chronic kidney disease
   Atrial fibrillation
   Diabetes mellitus
   Congestive heart failure
   Hepatitis C virus infection
   Liver disease
   Sepsis
   Acute myocardial infarction
   Cardiac catheterization
   Blood transfusion

82.91
28.77
14.44
37.90
13.90
0.83
0.71
3.16
3.38
1.10

38.94

63.66
2.14
5.38
19.28
2.35
0.50
0.23
0.06
0.21
0.11

19.40

Insurance type
   Medicare/Medicaid
   Private
   Self-pay/no charge/other

72.26
24.78
2.76

58.06
38.42
3.34

Median household incomeb

   0-25th percentile
   26th-50th percentile
   51st-75th percentile
   76th-100th percentile

23.20
25.36
26.45
23.26

18.80
25.21
26.37
27.84

Abbreviations: CCI, Charlson Comorbidity Index; SE, standard error.
a�Populations were compared with χ2 test, Wilcoxon rank sum test, and survey regression, 
depending on distributions of individual variables. All Ps < .001, except for Hispanic race 
(P = .3442) and median household income, 26th-50th percentile (P = .3662) and 51st-75th 
percentile (P = .6236).

b�Quartile classification of estimated median household income of residents in patient’s 
postal code area. These values are derived from postal code demographic data obtained 
from Claritas (https://www.claritas.com/sitereports/demographic-reports.jsp).
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experience adverse discharge. Although the adjusted mortal-
ity rate associated with AKI decreased over that decade, the 
attributable risk proportion remained stable.

Few studies have addressed this significant public health 
concern. In one recent study in Australia, Kimmel and col-
leagues16 identified risk factors for AKI but lacked data on AKI 
outcomes. In a study of complications and mortality occurring 
after orthopedic surgery, Belmont and colleagues22 categorized 

Table 5. Odds Ratios of Adverse Discharge  
With Acute Kidney Injurya

Unadjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Overall 2.24 (2.12-2.36) 1.92 (1.83-2.02)

2002 2.28 (1.73-3.01) 1.87 (1.37-2.55)

2003 2.70 (2.13-3.41) 2.10 (1.60-2.76)

2004 2.21 (1.81-2.71) 2.01 (1.62-2.50)

2005 2.20 (1.83-2.64) 1.86 (1.53-2.26)

2006 2.62 (2.23-3.09) 2.16 (1.82-2.58)

2007 2.54 (2.12-3.05) 1.96 (1.64-2.34)

2008 2.54 (2.18-2.96) 1.90 (1.63-2.22)

2009 2.46 (2.17-2.78) 1.68 (1.49-1.90)

2010 2.66 (2.36-3.00) 1.93 (1.70-2.20)

2011 2.55 (2.28-2.84) 1.94 (1.74-2.16)

2012 2.59 (2.39-2.81) 1.93 (1.76-2.11)

Abbreviations: CI, confidence interval; OR, odds ratio.
a�All estimates are adjusted for age, sex, race, hospital-level characteristics, comorbidity 
index scores, and sepsis. All Ps < .001.

Table 4. Odds Ratios and Attributable Risk Proportion 
of In-Hospital Mortality With Acute Kidney Injurya

Unadjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Attributable  
Risk Proportion

Overall 34.94 (30.10-40.57) 11.34 (9.34-13.74) N/A

2002 55.39 (30.58-100.31) 18.09 (8.38-39.05) 97.95

2003 47.31 (29.91-74.84) 15.61 (8.08-30.14) 97.53

2004 52.73 (34.60-80.35) 16.72 (9.36-29.85) 97.84

2005 47.37 (28.03-80.07) 15.61 (8.66-28.16) 97.76

2006 51.15 (32.95-79.40) 13.30 (7.34-24.11) 97.27

2007 38.16 (23.88-60.99) 9.48 (4.63-19.43) 97.63

2008 43.94 (21.77-88.67) 15.27 (9.38-29.85) 97.52

2009 40.84 (26.60-62.69) 10.09 (5.54-18.37) 97.52

2010 29.76 (19.67-45.03) 7.16 (3.80-13.49) 97.50

2011 40.25 (26.78-60.48) 9.20 (5.55-15.25) 97.62

2012 39.65 (25.23-62.33) 9.45 (5.23-17.06) 97.34

Abbreviations: CI, confidence interval; N/A, not applicable; OR, odds ratio.
a�All estimates are adjusted for age, sex, race, hospital-level characteristics, comorbidity index 
scores, and sepsis. All Ps < .001.
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Figure 2. Proportions of acute kidney injury with perioperative 
events (blood transfusion, acute myocardial infarction [AMI], 
sepsis) stratified by (A) chronic kidney disease (CKD), (B) diabetes 
mellitus, and (C) CKD with diabetes mellitus.
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complications as either local or systemic but did not examine 
renal complications. Only 2 other major studies have been con-
ducted on renal outcomes associated with major joint surgery, 
and both were limited to patients with acute hip fractures. 
The first included acute fracture surgery patients and omitted 
elective joint surgery patients, and it evaluated admission renal 
function but not postoperative AKI.22 The second study had a 
sample size of only 170 patients.23 Thus, the literature leaves 
us with a crucial knowledge gap in renal outcomes and their 
postoperative impact in elective arthroplasties. 

The present study filled this information gap by examining 
the incidence, risk factors, outcomes, and temporal trends of 
AKI after elective hip and knee arthroplasties. The increasing 
incidence of AKI in this surgical setting is similar to that of AKI 
in other surgical settings (cardiac and noncardiac).21 Although 
our analysis was limited by lack of perioperative management 
data, patients undergoing elective joint arthroplasty can expe-
rience kidney dysfunction for several reasons, including vol-

ume depletion, postoperative sepsis, and influence of medica-
tions, such as nonsteroidal anti-inflammatory drugs (NSAIDs), 
especially in older patients with more comorbidities and a 
higher burden of CKD. Each of these factors can cause renal 
dysfunction in patients having orthopedic procedures.24 More-
over, NSAID use among elective joint arthroplasty patients is 
likely higher because of an emphasis on multimodal analgesia, 
as recent randomized controlled trials have demonstrated the 
efficacy of NSAID use in controlling pain without increasing 
bleeding.25-27 Our results also demonstrated that the absolute 
incidence of AKI after orthopedic surgery is relatively low. One 
possible explanation for this phenomenon is that the defini-
tions used were based on ICD-9-CM codes that underestimate 
the true incidence of AKI.

Consistent with other studies, we found that certain key 
preoperative comorbid conditions and postoperative events 
were associated with higher AKI risk. We stratified the rate 
of AKI associated with each postoperative event (sepsis, acute 
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Figure 3. Temporal trend (2002–2012) of adjusted odds of in-hospital mortality associated with acute kidney injury per year. Estimates 
adjusted for demographics, comorbidities, and hospital-level factors. 

Figure 4. Temporal trend (2002–2012) of adjusted odds of adverse discharge (discharge to long-term facility or skilled nursing home) as-
sociated with acute kidney injury per year. Estimates adjusted for demographics, comorbidities, and hospital-level factors.

AJO 
DO NOT COPY



Incidence, Risk Factors, and Outcome Trends of Acute Kidney Injury in Elective Total Hip and Knee Arthroplasty

E18    The American Journal of Orthopedics®  January 2016� www.amjorthopedics.com

MI, cardiac catheterization, need for transfusion) by DM/CKD 
comorbidity. CKD was associated with significantly higher AKI 
risk across all postoperative complications. This information 
may provide clinicians with bedside information that can be 
used to determine which patients may be at higher or lower 
risk for AKI. 

Our analysis of patient outcomes revealed that, though AKI 
was relatively uncommon, it increased the risk for death dur-
ing hospitalization more than 10-fold between 2002 and 2012. 
Although the adjusted OR of in-hospital mortality decreased 
over the decade studied, the concurrent increase in AKI inci-
dence caused the attributable risk of death associated with AKI 
to essentially remain the same. This observation is consistent 
with recent reports from cardiac surgery settings.21 These data 
together suggest that ameliorating occurrences of AKI would 
decrease mortality and increase quality of care for patients 
undergoing elective joint surgeries.

We also examined the effect of AKI on resource use by 
studying LOS, costs, and risk for adverse discharge. Much as 
in other surgical settings, AKI increased both LOS and over-
all hospitalization costs. More important, AKI was associated 
with increased adverse discharge (discharge to long-term care 
or nursing homes). Although exact reasons are unclear, we 
can speculate that postoperative renal dysfunction precludes 
early rehabilitation, impeding desired functional outcome and 
disposition.28,29 Given the projected increases in primary and 
revision hip and knee arthroplasties,5 these data predict that 
the impact of AKI on health outcomes will increase alarmingly 
in coming years.

There are limitations to our study. First, it was based on 
administrative data and lacked patient-level and laboratory 
data. As reported, the sensitivity of AKI codes remains moder-
ate,30 so the true burden may be higher than indicated here. 
As the definition of AKI was based on administrative coding, 
we also could not estimate severity, though previous studies 
have found that administrative codes typically capture a more 
severe form of disease.31 Another limitation is that, because 
the data were deidentified, we could not delineate the risk for 
recurrent AKI in repeated surgical procedures, though this 
cohort unlikely was large enough to qualitatively affect our 
results. The third limitation is that, though we used CCI to 
adjust for the comorbidity burden, we were unable to account 
for other unmeasured confounders associated with increased 
AKI incidence, such as specific medication use. In addition, 
given the lack of patient-level data, we could not analyze the 
specific factors responsible for AKI in the perioperative period. 
Nevertheless, the strengths of a nationally representative sam-
ple, such as large sample size and generalizability, outweigh 
these limitations. 

Conclusion
AKI is potentially an important quality indicator of elective 
joint surgery, and reducing its incidence is therefore essential 
for quality improvement. Given that hip and knee arthroplas-
ties are projected to increase exponentially, as is the burden of 
comorbid conditions in this population, postoperative AKI will 

continue to have an incremental impact on health and health 
care resources. Thus, a carefully planned approach of inter-
disciplinary perioperative care is warranted to reduce both 
the risk and the consequences of this devastating condition.
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